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Successful Treatment of Animal Models of Rheumatoid
Arthritis with Small-Molecule Cyclin-Dependent Kinase
Inhibitors'
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Intrant ticular gene transfer of exelin-dependent hinuse (CDK) inhibitors to suppress synovial cell cycling has shown efficacy in
treating animal models of rheumatoid arthritis. Endogenous CDK inhibitors also modulate immune function via a CDK-inde-
pendent pathway. Accordingly, systemic administration of small molecules that inhibit CDK may or may not ameliorate arthritis.
To address this issue, alvocidib (Ravopiridol), known to be tolerated clinically for treating cancers, and a newly synthesized
CDKA/6-selective inhibitor were tested for antiarthritic effects. In vitro, they inhibited proliferation of human and mouse synovial
fibroblasts without inducing apoptosis. In vivo, treatment of collagen-induced arthritis mice with alvocidib suppressed synovial
hyperplasia and joint destruction, whereas serum concentrations of anti-collagen type 11 (CI1) Abs and proliferative responses to
C1l were maintained. Treat t was effective even when therapeutically administered. Treated mice developed arthritis after
termination of treatment. Thus, immune responses to C11 were unimpaired. The same treatment ameliorated arthritis induced by
K/BxN serum transfer to lymphocyte-deficient mice. Similarly, the CDK4/6-selective inhibitor suppressed collagen-induced ar-
thritis. Both small-molecule CDK inhibitors were effective in treating animal lels of rk toid arthritis not by suppressing
lymphocy te function. Thus, the two small-molecule CDK inhibitors ameliorated arthritis models in a distinctive way, compared

with other immunosuppressive drugs. The Journal of lmmunology, 2008, 180: 19541961,

heuniatoid arthris (RAL 15 a chronic inflammatory dis-

ease charactenized by synovial hyperplasia with massive

infiltration of inflummatory cells in the affected joinis.
This hyperplasia leads 10 degencration of cartilage, crosion ol
bone, and uhimately Tunctional loss of joims. Although the el
vy ol RA renmins elusive, T cells recognizing unknown autoan-
tigens have becn proposed 1o intiate inlammation in synovial tis-
This mechanism = followed by local
feukoeytes. which are further activated in the inflamed sates (1)
Triuntme complexes, compliment activation, and activation of Iy m-
phoeyies, macrophages, neurophils, nust cells, and svnovial i-
broblasts are part of the aberrant humoral and cellular nerweonk (21,
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Cytokines denved from these cells induce intense prolileration in
svpovial fibroblasts Activated fibroblusts become ancther sonrce
ol inflammatory eytokines and mediators including tssue-degrad-
ing proteinases and prostaglandin, In this . the hyperplas-
tic synovial tissue, called 2 pannus, serves as a nidus for further
spread of destructive inflammatuon. producimg cartilage-degrading
eneymes and invading the bone matrix of rhewmmatoid joints (3).

Therapeutiv agents of a biologic nature, such a5 mAbs apainst
TNEF-ar, soluble TNIR, ant-T1-6R Ab, and 11 -1R antagomst, were
recently broaght into clinical use with the aim ol interapting inflam-
matory eviokine arcuits in pints alfected by RA. Although these
apents often arc more effective than conventional untirhewmatic drogs,
guite 8 lew patients Tail o obtain expected clinical benefin from these
edications. Other new dugs such as abatacept. werolmus, and ni-
uximab are given o suppress upstream targets such as T and 13 Iyme
phocvies. These anti-inflanunatony agents share sinular limitations in
clinteal response (). More servusly, these medications often render
patients immunecompromized. making e sisceptible o senous
infections i+4)

As mentioned earlier. a salien charetenstic in rhemmistond po-
thedogy is overgrowth of synovial libroblasts 1o form a hyperplas-
tie pannus. his featore hos led us o explore cell eyele regulation
A% o new therpeutic approach o reatment of RAL This antipro-
litertive treatment focuses on oyclindependem Kinase (CDKY in-
hibitors (CDED as prunary cell ayele regulators, These endoge-
et nueleoproteing inhibit CDRs that bind tocyeling o initiae
catalytic activanon (5) CDKs phosphorylate o retinoblastoma
(R pene prodoct. which resulis in release of 21 transenplion
tactors for eell evele progression 15), Buased on structural and fune-
tiomal churetenstivs. CDKIs have been grouped inte two distinet
families, INK4 and Cip/Kip (3. 600 The INK4 proteins, consisting
of pIaINVRS ) 3R pl8OES and pl9™ Y o binan com-
plexes with CDK4 or CDKA. which otherwise would promote
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G, /8 phase ransiton in the cell cycle. In contrast, the Cip/Kip
proteins, consisting of p2177, p27%, and pS7T*™, bind 10 all
eyelin-CDK complexes.

We have reported that pl6™** and p21°%’ were induced
readily in vitro in cultured RA fibroblast-like synoviocytes (F1.Ss)
Intra-articular gene transfer of pl6™** ar p217% ameliorated
disease in animal models of RA. including collagen-induced ar-
thritis (CLA) in mice and adjuvam arthrins in rats 17-9). These
studies have indicated that induction of pl6™*% and p21°"7 ex-
pression in synovial tissue should hold promise as a new thera-
peutic strategy for RA treatment. Notably, because cell eyele reg-
ulation therapy suppresses a phase of rhewmatoad pathology
distinct from that suppressed by anti-inflammatory drugs. combi-
nation with another antirheumatic drug mught act synergistically.

To apply gene transfer to treatinent of patients with RA, vectors
and protocols need be optimized 1o avoid unexpecied tragic com-
phications {10). An alternative to gene therapy as a way to inhibit
C'DK activity is the use of small-molecule (sm) compounds that
nhibit CDK. Because uncontrolled CDK activity drives neoplastic
cell eyeling in some tumor cells, CDK activity represents an at-
tracuve target in development of anti-cancer therapeatics (11). In
response 10 these smOCDK inhibitors. some twmor cells stop pro-
liferation and then also undergo apoplotic cell death (12-14),
Thus. many smCDK inhibitors have been developed as candi-
date oncostatic drugs with a prototype being alvocidib (log-
merly called Mavopiridol) (11). This synthetic Havone. the first
CDEI to undergo clinical tnals (1), inhibits the kinase activity
ol multiple CDKs such as CDKILL 2. 4, 6. and 7 (15), Struciure-
activity studies have shown that alvocidib interferes with bind-
ing of ATP to the adenine-binding pocket of CDK2 (16), How-
ever. although alvoeidib generolly proved safe in clinical irials.
its efficacy was limited except for a subtype of malignant cells
(11 17). Other smCDK inhibitors, such as staurosporine, R-
roscovitine. and BMS-387032, also have been studied in ¢lin-
ical trials. showing good tolerability (11).

The prnmary known role for CDKI 18 suppression of CDKs re-
quired for cell eycle progression. However. our group as well as
ather investigators have shown that p16™%# and p217%7 also have
iminunoanedulatory effects (7, 18, 19), Notably. overexpression of
P21 in RA FLSs reduced production of inflammatory cytokines
and tissue-degrading enzymes involved in rhewmatoid pathology.
This is at least partly a result of inhibition of INK by p217%¢ (18).
Thus, immuncmodulation by CDKLL which potentially contribute
to antisrthntic effects of CDKI gene transfer. would not necessar-
ily depend on inhibition of CDK activity. raising a question as (o
whether inhibition of CDK per se can control arthritis, Of special
| here is inhibition of CDK4/6. which are shared targets of
P16 and p21°72,

In the present study we evaluated how systemnic adiministraton
of two smCDK inhibitlors affects animal models of RA. One was
alvoadib. while the other was a newly synthesized CDKA/6-ne-
lecuive inhibitor. Systemic administration ol either compound in-
hibited arthritis without obvious immunosuppression or side ¢f-
lects. The resulls argue that alveaidib exerted its effects primanly
b CTIR4A inhibation.

Materials and Methods

Reagenrs

Alvocidih was provided by Aventic Pharnmentivals A stock solution
of alvecidib prepated in DMSO was difuted to working concentrations
befine each experiment. In addition. o CIK4/6-selective inhibitor coni-
pound & (N[5 | 2acyclohexy loxy 6-methy Ipyrimidim-4-y1]- 1.3 -thia-
zol-2-8 1514 methy Ipiperazin- -y himethy fpyraem-2-amine ), which
was charactenzed as componnd 4 in the prey joos report (20, was svis-

1955

thesized at Merck-Banyu, It was dissolved in DMSO for m vitro anal-
yses and in 5% glucose contaiming 10 mM citrate buffer (pH 4) for
treatmwent of mive. Humnn and mouse 11~ 18 and TNF-i« were purchased
from WAKO.

Cellx

F1.52 were prepared from synovial ussues of pavenis with RA who un-
derwent total joint replacement surgery or symvectomy af Tokyo Medical
and Dental Unuversity Hospital ( Tokyo, lapani or National Shimoshizu
Huospital (Chiba, Japan). RA was diagnosed according to the criteria of the
Amencan College of Rheumatology (210, Wrinen consent forms concern-
ing imenial use of ted tissues were completed by patients befone
mrgm All procedures in the present studies were approved by the ethics
commutices of RIKEN and Tokyo Medical and Dental University. Mouse
fibroblast-like synoviocytes (MFLSs) were prepared from synovial tissues
from kinee joints of CTA mice as previously described (22). Although FILSs
were used from 710 1] passages, MFLSs were used from 6 (o |1 passages.
Boih were cultured in DMEM (Sigma- Aldrich) supplemented with L-glu-
tarine. perucilling streptomycin. and 10% FBS (Sigma-Aldrich), Purity of
the fibroblasts was d with flow ¢y y (23), CD14 or HLA class
11 wene not expressed by FLSs, suggesting that macrophages and dendritic
cells were ot present in FI Ss.

Proliferation assavs

From 2000 10 5000 cellsfwell were grown ovemight in 96-well plates
and stimalnted with 10 ng/ml 11.-18 and 10 ng/inl TNF-n. These cyio-
kine concentrations were determined (o be optimal in preliminary ¢x-
periments. Alvocidib (1 300 oMy, compound A (0.01 10 uM), or
DMSO alone was placed in wells in the presence of 104 TFBS. Alwer
24 45 b, BrdU) was added and culiure was continued for 20 h. Then
incorperation of Brdl) was quantified by ELISA with a Brdll cell pro-
liferstion ELISA kit ( Exalpha Biologicalsi.

Cell cvele analysis

Cells were stimulated for 24 h in the presence or absence of sml DK
inhibitors, washed with PBS, and resuspended in 0.15% Triton X- 100/PRS
before staining with propidium iodide (50 jug/ml) and examination for
IMA content with a FACSCaliber flow extomeler (BD Biosciences).

Animal models of arthritis

CIA was induced in T-wk-old male DBA/1 muce purchased from Japan
harles River Breeding Lnbrnlrm Fach mouse was immunized with
200 i of bovine type 11 ¢ 1C1E: Coll R h Center) emul-
sified with CFA (Difco) by injection at ihe 1ail hase. Imnnnira;i'm was
repeated 21 days after primary immanization,

Serum-transler arthritis was induced by transfer of serum from anthitic
K/BxN mice. which spontaneously develop artheitis resembling RA. These
mice were provided by Drs. C. Benoist and . Mathis (Joslin Diabetes
Cemer. Boston, MA) (24). Preliminary titmtion experinents showed that
injection of 300 pl of serum into the pentoneal cavity ferred arthritis
consistently in R.\l‘!-nul] mutani IRA( 27 ) and CSTHLG wildaype
mice. Al ! met insti lations for animal experiments.

Assessment of arthriris

Anhnitis in each limb of arthritic mice was assessed clincally by visual
scoring from 0 to 4: 0, no swelling: |, detectable swelling in one joint; 2.
non-severe swelling in two or more joints: 3, severe swelling in two or
maove jomis: and 4, severe swelling in twa or more joints including digital
swelling. Mumﬁl score fnr an m\h\ uluo.l animal was 16, Joint swelling
waas g d by k and the ankle width within
A ucromeler (Ozaks h-hnufaqunnm Arthrilis scores were analyzed 13-
tistically with unpaired Student’s 1 test.
1n histol

1 e T
L}

were obtained and fised in U
d formalin, decaleified in 10% EDTA, and embedded m paralfin.
Sections (4 pnn were stained with H&LE for histologic examination, Infil
tration of infl y cells, transf jon of synovial lining, cortilags
destruction. and pannus fornmtion were independently scored in o blind
e from 0 1o 3 as previously described (250 Maximum hiswological
swore wan 12 Hliswological scores were analszed statistically with unpained
Student’s £ fest, Radiographs of fopmalin-fixed hindpaws were obtlained
with a cabinet solt x-ray apparatus (CMIE-20 Saftex),

Meastireient of sevton levels of anii-CH Abs

Senm samples were collected at indicated e ponts and examined 1o
anti-CH Ah conventrations by ELISA. Brelly, wells of Y6-well plaws wene
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comed overmight at 4°C with bovine CLHin PBS, washed wath PBS-0.05%
I'ween 20, and blocked with 24 BSA in PBS. Samples were mcubated for
2 h at room temperatare. After washing, HRP-conjugated rabhit anti-mouse
lg€il. Ig6i2a, or IpG2h Ab (Zymed Labocsories) was added. Reaction
product formed with 3,3 5.5 tenanethy ibenziding «as meatured as O
at 450 mm. A standand mixture serum from anhetie mice was placed on
<ach plate in sertal dilution, Arbitrmy ungts for anti-C1 1gGi, [pGla, and
1gG2h Abs were determined with this standard curve.

Western hlor anudvsis

Whale-cell lysates (15 jig of protein) were separated by SDS-PAGL: an
7.5% polyacrylanude gel and wansferred 1o polyyinylidene diffovride
membtanes. Auti-phospho RE (Ser™Ser™ ) Ab teatalog no. 9308:
Cell Signaling Technology ) ar 1/ 1000 dilution and anti- RB mab (clone
G 3-245; BD Pharmingen) at | pghind were used as primary Abs Bound
Abs were visualized with peroxidnse-conjugnted secondars Al { Amer
sham Bivsciences) at 13000 dilunon and ECT system (ECTD Amer
vham Hiosciences)

Inspnehistochemistiy

Paratiin-fixed tssue sections weee deparalimized and incubated with anti-
phospho RE (Ser™77Ser™"") Ab, They were then incubated with hiotin |-
ated anti-vabbit [gG Ab and with ABC eagent (VectaStain Elite ABC kit
Veaor Laboratoriest,  Color was  developed  with  diaminobenzidine
{Kirkegaand & Peny | abomtoies), whereas the sections were counter-
statned with bematoxylin, Dianunobenzadine -positive cells and suined nu
cher were coumted by obsern ert in a blind manner al three independent sites
per slide to calenlvte percentage of nuclet with phosphorylated RiE gene
prevduet, Fhe it were analvzed statistically with unpained Studken '€ £ iesy

Lvmmph avde tENY coll vesponses o CH

Simgle-cell suspensivma derived from inguinal LNs (4 % 10° cells per well
i a Stewell plated were stnmbated with denatured CIT 00 100 jogermly m
RPN 1640 medinm ¢ Sigme - Aldoch supplemented wath o glatamime, pen
willing, streptomyon, 2MEL and 1 TES (SigmseAldiichy, Afwer 72 b
Brdt? was added and culture was continved Tor 17 bt gpuantity
incorperated Bedl!

Results
Alvecidib suppresses proliferarion of svnoviul fibroblisn

FT S trown the tnflanmed joints of thenmatold patients were (golated
and cultured inthe presence ol alvocidib, @ pan-CDEKL MET S«
tom arthatic pants of CLA mice were isolated and treated in the
saime wav When alvocidih was present in culiore mediom. growth
of ITS and MILS was dohibited inoa concemration=dependent
manner g 1AL Noeell death was visvally apparent at Concen-
irations below 300 oM in I'1.8s and 150 nM in MIT.8s. We next
analyzed the cell ayile m these fibroblasts alter weatent with
alvocidib, T either human or mouse Cells, alvocidib increased cell
populations at the GG phase of cell evele without increasing the
sub-Uiy populaton (b 1)L Although alvocdib has been reported
Wy induce apoptotic Jeath i <ome cell types 112= 140, his result
i syievial libroblasts

Wik Tl seen

Alvex dedih ervanment sapyporcsses avtlinis fn CIA mive

Mext mice with experimentally induced arthiitis were treated with
alvocidib. In the st senes of experiments, the drug was given .
o DAL miave wath CEN. Treatment wiss started on sday 28 aller
the first ibamanization, when joint sselling became evident ace
L\III.[II’]!.! U examimation by our protowal. |¢cpc.'n imection of |
25 mg/ke of alvocidib fop 10 conseentive days signilicontly sup-
pressed severity of anthritis in g dose-dependent manner (1ig. 240
| herpeune elfec was seen even when the tresument was sared 3
davs Fiter showing than alvecudib suppressed ongoing disease
g 280 8 cimilor effeet wae observed when alvocidib was given
oy twee weekly, startimg ot about the e of chimcal disease
onset bday 24 The effect persisted Low as fong a5 wh ilig 200

“l-\h-ln-;:. amalveas of <vnovial tsses Inoy DNESO-tacated con-
trod moce showed Iy perplastc pannos Gssoes massively mtitiated

99

A NEW CLASS OF ANTIRHEUMATIC DRUGS
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FIGURE L. Alvocidib suppresses proliteration of synevial fibrohlasts,
4, Proliferativn was assesced by Bl incorporativn 11Sx or MTLS< wene
atilated with TNF- and 1118 tor 24 h. and culwred for 24 h with
indivated concentrativns of alvocidib in the presence of TN and 1< 18,
I growth inhibitors effect as alyecdib concentrations increase is shown
as des hming Bl incorporation telative to incorpoeaticn into cells incy
bated s athont alvocidih. DMSOL which was used b salubilize aly ocdib,
B o effects v ineomporation al concentmtions wsed in these expeniments
Mean percentage is denved from three wells with em hars representing
S Phana ane vepresentative of three independent experiments, . Cellulur
DN content was asse<ed ovtometnically as o means of cell eycle analysis
17,5 amed MILSs prestimalated as in A were cultured for 18 howith either
1O M aly ocidib or DMSO a5 a control before flow evtometry. Histo
grmg of DN Content amd percentage of population at each phase of the
well eaele are presented Pana shomn ane pepweseniative of three indepsn-
et expernments, T ditterent cell bnes of F1Ss and MI1S< wene tesed
for A md B One biwe was tested Baee in o imndepeident expenments
e o lines responded quite similariy: caloulated U, of alvocndib wene
1 %1 and W nN i one 118 sample amd 75 oM in the other sample. Cells
nthe GG, phase ol cell evele inoeased o 81 and 8046 moome FLY
sanyle and 729 in the other sample

by monennelear cells, cartilage destruction, and Bone erosion.,
which are all chuructenstic of the pathology of RA discase These
Teatures were suppressed insynovial issues Iromm alvocidib-reated
mive Drug elfects were dese-dependents ol from st mive

treated with 25 mpfke of alvocidib appeired normal g, 2
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-G5) These results agreed well with specnnien radiographic find- the discase. w hereas transfer of mAbs against CH can induce full-
ings in the feer. DMSO-ueaed conwrol nuce displaved severe bone Blown arthring (26) Immune responses reguire activation and pro
destruction. mwst characteristically as cystic changes amd anky losis Liferation of lvinphoeytes. Although penpherml lymphocyte coume
ol the articular bones. These changes were inlibited dose-depens were not allected by the dose of alvocidib used in the present study
fently by alvocidib (g, 20 H-0 tdata not shown ). lvmphoeyte activation might be blocked by ul-

Il vewidib. To assess Immune suppression by alvocidib treatiment, we
lmminee responses o CH o ave not impaived by alvocidib :
! oy : o ' determined sermm concentrations of anti-Cll Abs in the treated
[ § N ! -
i i muee. When anu-Cll-specilic Abs of 1, [gG2a. and 1p€i2h sub-

CIA s tdggered by host immune responses (o CHL A response is classes were quantified separately with a specific ELISA. alvo

of central unportance beeause B cell-dehicient mice do not develop crdib-treated mice had serum [0 concentrations comparable
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FIGURE 4. Ahocibb weatment suppresses anthritis in RAG2
mice nduced by K/BAN serum wransfer. Arthntis was indueed
RAG2 mice by transfer of serum from athntic K/BEN nuve. be-
gmming on the day aler serum wansfer, nuce were weated wih 23
mke of alvosadibh Tor 10 consecatirve day s Contral mce were treated
with saline containing DMSO. Severity of anhritis was assessed by an
S s shown tn 5 oaice per gronup,
" 1)

Mean scone
por 0.0f ive,

athitic ccone
o 1 N%;

these tncontrol mitce (P 3 No difference was seen in relation
o dosie o tme during the expenment. We then studied effect of
werminating alvocidib weamment. following the climenl disease. In
a group ol CLA mice given 2.5 mg/kp of alvocudib twice weekly,
treatment was temunated after 10 dayvs, Anthritis became evident

& dans Jater. and then progressed rapidly unul the disease score
approachad that in untreated mice (lig 260 The nesulis showed
that the underlying inumnne reaetion aganst €11 was no impaired
dupng alvecndib treanunent,

Alvociath shews eficacy i mrearing @ vmphocviesindependent
witliniris

To substantiate that alvocidib can inhibit anthritis without sup-
pressing lymphocyte function, we investipated its effect on o
K/BxN serumeinduced arthriis model induced in lvmphocy te-de-
hcient RAG2 © mive. K/BxN muce spontaneously develop or-
thritis <imilar 1w RA in several aspects (24) Transter of serum
froan these arthntic mice induces arthritis depending upon the pe-
nene background of recipient mice 1270 Pathology in the joanis s
charmcterized by acuie edema in sy novial lissues followed by pro-
liferative and erosive anhrins that con be mduced m lvimphocy te-
dehcient niee (285 Making use of this model, we induced arthrites
in RAG2 tnice and began p adminstation of 2.5 mp/kg ol
alvocidih on the day alter serum transler, continuing for 10 days
Freattment reduced edematous swelling ol the joiny in the early
ve arthritis i Fig. 41 Thus. sup-

phase, and then abrogated prolile
pression ol inmnune responses s nol reguired for the antiarthntic
ellect of alvocidib

A ety avnthesized CDRSG-solective infiubitor suppresses
svitenviad pibvoblasis grovrh anad CIA

Alvowrdib was wlerated well in climeal trials except or i lew
eecurrences of diarthea when administered as a4 prolonged infu-
sfon; s tondcity prodile wis doses amd schedule-dependent 111
Ths agent hos broad activity, inhibinng all CDEs and some other
kinases (299 To study turther whether cell eyele inhibition by
CHRH inhikition hod o impertant sode in ameliorating athritis, a
selecuve inlubior, compound Ao was synthesteed 1200 Toas an
aminothiaeole CDEL thot s sirociurally: oarelated 10 alvocidib
g A1 T selectively inhibited CDES and €DEA, both of which
have been shown 1o have induamguixhable actusities i viiro 200
The 10, tor CDEKS and CIKS was 2.2 and 78 oM. respective]s
which were [T (R 1] than  woncentrations 1
nther €TIKs

Ax alvecidib did compound A mbibited growthoof FLSs and
METSs dn o concemntion-dependent mamer (Fig. S8 and n-
dueed cell evele arrest at the Gy phase (g 3O Tt suppressed RY

Twast less
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FIGURE 5 Compound A suppresses prolifenmtion of svnovjal fibpo-
Blaste, A Chemical srucire of compound A and alvecidb. B, Prolifeia
ton wars issessed as i Fige 111 Ss o8 M Ss were stimulated with TNT -0
amd 11 -1 tew 24 by and then celisred tor 24 howith indicaled concentrtions
o wompoind A in the presence of TNFao md 11-18. Shown ae iwan
percentage 5D ol Brdt ] incorewation relative b uptake by contol cells,
dermved Trom three wells, Dita are representative of three independent ox
pretments. € DNA content of FLSs and MIT.Ss were analyzed as in g
1. Tnstead of abocidib, compound A 125 g was wsed Histogrames of
PNA content amd the percentage of popalaton al each phase of the cell
crede me indicated. Datn shvwn e sepresentative of three mdependent
experiments Pwe different well Tines of 11 5s and MELSs were tested 1op
f# and € as was i i 1 Again, they reeponded similarly. caleulated 10y,
af worpound A were 10 and (06 M i one FLSs samphe and 1LY M in
the aither samphe. Cells i the G0, phase wwreased 1o 85 and 85755 a0 ome
11 S5 sample amd 855 0 the other sample. D, RB gene product phosprhon
slamon of 11 S and MET S5 ineated as m © were analyzed by Westem hlot
waing specific Ab o phospho-RE pRED o0 RBEL The resulis are represen
ves of f siiples
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FIGURE o6,  Freatimwnt with commpound A suppresses C1A 0 muce. A=C Mice with CEA were treated with conmpound A ogally (200 mgfkg) every 12 h
ame evident. 24 davs after e punal wmamzstion. 12, Other noce with CTA were weated 1 p. wath
of v irikependent experimernis, Control mice were reated with
s A0, and anklke width (€L Data are the iwean = SD - R
4 oal oviginal mapiificating (mes] 10 Paws wene examimed st

tor 7 days Treanment was started when anhints. be
cortpound A O g fon 5 davs, vepeated after o 1-day tuatas). Data ace represea;
Buffer alomne. Seventy of arthinitic was assessed by an arthritis score CA and D0, paw thick
per groupr op oo 0080 v ps 001 e, p< 0000 E and F, BEE staining of ju
canpletion of the meatment with buffer alone (B or compound A 1F). Represemative saining ks shown, G, Histological abnormality of the mice teated
as in D was seored, Reaulis ave powan = SI fram 12 paws, <= p " 0000 H and L lmanchistological stainmg of joints. Criginal magnification w2000,
The paw samples in £ and # were stained with phospho.RIE Ab Representative staiing i+ shovn J, Phospho RO positive cells wene semiiguantified as
percentiage of posiive nucked in ol nuckel. Dana are mean © S from S paws. o, 0 005 K LN cells from the mice eated as in £ were isolated i
wotipletion of ihe treatment. Then proliferntive responses 1o different concentrations of Ol sere masessed by Brdl D incaponation. Data were displased as
BritF incomwiration relative to that in eells cultared wathout C1 Data are mean © S from thive mice.

phosphorylaton a Ser™Ser®'Y, which are among residues spe- observed between the compound A-treated and the nontreated
citically targeted by CDE4/6 .0 LS and MILS «Fig. 5300 Tir- mice 1Fig. 6G). The preservation of T eell response was also ob.
livn expenments showed that 0.25 gM compound A. which was served in the alvocidib-treated mice idata ikt shown ), Thus, inhi-
below 1Cq, for other CDKs, started inhibiting the RB phosphory - bition of the Ivmphocytes did not play an important ole in the

lation and ulso mcreasing cells at the G/, phase; 83.0% an 11§ therpeutie etfects of the smCDK inhibitors
and 72.0% in MILS.
Compouand A (200 mp/kg) was given orally twice daily for 7

days, beginning 24 days after the initial Cl inununization. This Discussion

Ireatiment redoced anhnts score. ankle and paw swelling of the We have demwnstmned thar systenuc admimisnanon of the mo
ClA muee (g, 6 A-C) The dose eould be neduced 10 30 mg/kg CDEKIs exented anantianthrite effect without entical impainnem of
vnce datly ip, injection without loss ol therapewtic elfects (Fig Iymphecy e responses. Such an inlubiior proved effectve in breal-
60 This treatment was started after the onset of clineal anthntis ing a lvnphocvte-independent anthiitis. Although alvecidib s
Five-day treaunents repeated alter o day hiatus suppressed ongoing known at a pan-CDKL CDE4G-selective inhibitor showed o von-
arthritis. Hiswologacal analysis of the synovial tissues revealed thut parable eliect This linding supgevied that inhibition of CHDE4/6G
compound A, as well as alvocidib. suppressed chanacienshic fen- played an umporiant role in the anttarthnie achvity. It was reported
tures of pathology in the anthnus (Fig 6, E-G1 When nucler with that a CHK 205 inhibitor, Rerescontine. suppressed o passivels
phosphorylated RB gene product in e synovial tissoes sere imdoced arthritis inedel by prometing apoptosis of inllamwmaton
stained, their number was decreased in the compound A-treated cells (301 Alvocidibh induces apoptone dell death in varmous tanwor
muce tFig o0 Hoand O Therr runo m the voral nucler was hawer tn cells 114 140 31, 25 likely by inhabiien o other kinases than
the teated mice (g 6J), hwowing that CDE46G was inhibjted CDK 2% In iy regards. TUNEL of the joint fissues treated with
in vivoe the v inhibitors did not show increase of apoptotie sy nevial cells

We Tound no abnormality by physical or behavioral observanon idira nod <hown) This saggested that local mduction ol apepioss
i assoctation with adiministotion of componnd A AL comipletion i the ointe was nol pesponsible for e elect Although we could
of the therapeutic expenient, inguinul LNs cells were isolated and o formally exclide ellects of these sgents on Iymphocyles, the
stinnlated with CI1. Noo diflerence an prodifoanve response was resilis argue that eflects on nonlyvinphoid cells including synovial
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tibroblasts and innate immune cells should account for the thera-
peulic activily

A reported immunomodulatory activn of endogenvus CDKI
dewes not depend vpon CDK inhibiton. This immune modulaiion
could be at least pantly responsible for therapeutic effects seen in
CDKI gene therapy (18, 19), However. the present study demon-
strated that inhibition of CDK activity alone 1s sufficient to ame-
liorate arthnitis

A major concern with systemic delivery ol smUCDK fnhibitors is
possible whibiton of aormal cell wimover, which is essennal for
maintenance of organ homeostasis. Reassuringly. alvocidib. the
prototype DKL was tolerated relatively well in clinical tnals in-
volving cancer (33). Diarrhea. the most frequent side effect in these
trials, was not observesl in any mice during our experiments. We
suspect that proliferating cells involved in the arthrins were more
sensiive than wmor cells because 1.5 mg/kg or less of alvocidib
sufficed o treat arthritis, whereas at least 5 mg/ke was regnired to
treat umens (34, 35) Although alvocidib was injected 1v for fu-
nwwr treatinent. oral admimstration of compound A was elfective in
Ireating arthnus. Although texie effects mught not be tolerated by
patients without malignancies. route and dosage could be recon-
sidered in RA patients heing treated in climenl tnals KA might
respond o much kower doses than do tumors as is true in treatiment
with methotresate

Compound A is a mwore selective inhibitor acting primanly upon
CIIKS and CDRO, Like alvocidib, it induced cell eyele amest of
synovial fibioblasts at the Gy phase. The cell evele amrest was
accompanied by nhikition of RB phosphory lation. In selectivity
testing of compound A againgt other serine/threonine o tyrosine
kinases beyond those of the CDK fummaly. only 6 ol 45 kinases were
inhibited =75% by compound A at | uM. No kinase ainong these
six showed a 1Cs, comparable to those of CDE4 and CDKG. Pantly
because of strctural irelevance, alvocidib and compound A do
not share the sanw Kinoses as off-largel Kinases. Accondingly, in-
hibition ol eell eyeling by CDK4/6 inhibition secmed important in
suppressing arthniis, [t has been proposed that MAPKs are poten-
nal therapentic targets in RA (36), When their inhibitors showed
efticacy, they suppressed Ab responses (37, 38). This was in con-
trast o the treatment wath the CDKls.

We assuime that CDKIs might represent a new class of anti-
rheumatic drugs Based on the results of clinical trials of alvo-
cidib as well as those of the present expernnents, patients with
RA casily should tolerate an antianthntic dose of alvocidib be-
cavse slvocidib seems o exert eytotosie adverse ellects prmar-
ily via inhibition of wther kinases at antineoplastic doses 129y,
Alvocidib exhibited higher protein binding in human serum
than in FBS, which led to development of an ellective admin-
istration schedule (170 The optimal dese should be carefully
determined for actual use in treating arthritic patients, In con-
trast, compound A needs to be innditied 1o improve its phar-
macokinetics. [1 was cleared quite rapidly in vivo, necessiating
us using a relatvely high dose as its present form.

The antiarthritic elfect of these drugs did not require ohvitus
suppression of the lymphocyie responses. Most of presently avale
able antirheumatc weanments abm Wy inhibat hanmtul iamune re-
actions, Combined use of conventional medication and <inCDK
uhibitors may well have a synergisne anuanthnne ellect As was
revealed by our wecent report and others (30, 349, 40 CDEKI inay
have broader activity than anncipated. We Tound recently that bath
alvocidib and compound A suppressed mamx metalloprolemase-3
production by synovial fibroblasts and osiwoclstogenesie of mac-
tophages (data not shown). These effects may contribute o pro-
fegtion from joint dmnage-

A NEW CLASS OF ANTIRHEUIMATIC DRUIGS

The resulis of the present sudies should encourage further de-
velopment. clinical tesing. and use of the smCDEK Inhibitoas 1o
ireat human A
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Extended report

Efficient management of rheumatoid arthritis
significantly reduces long-term functional disability

E Tanaka,'#* A Mannalithara, E Inoue,' M Hara,' T Tomatsu,' N Kamatani,' G Singh,**

H Yamanaka'

ABSTRACT

Objectives: The aim of this study was to examine the
affect of efficient management of rheumatoid arthritis
{RA} in relation to disability levels in a large cohort of
patients with RA over a peniod of 3 years.

Methods: We studied 2775 patients with RA who had
continuous enrolment for at least 3 years from 7511
patients with RA enrolled in an observational cohort study
{Institute of Rheumatalogy, Rheumatoid Arthritis (IORRA))
from October 2000 to April 2005. The 28-joint Disease
Activity Scores (DAS28) were calculated at & month
intervals for all the patients and a value <2.6 was
considered as a tight control. We have set up a new
vanable for each panent, “Avg-Dscore”, based on the
transition of each patient’s DAS28 value, taking the
threshold level of 2.6 into consideration. The “Avg-
DAS28" is the average of DAS28 values over all the
phases. Functional disability status was assessed by
J-HAQ, the validated Japanese version of the Health
Assessment Questionnaire (HAQ). The relationship of
“Avg-Dscore” and “Avg-DAS28" with the functional
disability level was determined using Spearman correla-
tion coefficients and multiple linear regression models
Results: The baseline features of these 2775 patients
were: female 83.7%, mean age 56.8 years, mean RA
duration 9.5 years, mean initial DAS28 4.0, mean initial
J-HAQ score 0.79, and mean final J-HAQ score 0.86
There was a statistically significant correlation between
"Avg-DASZ8" and final J-HAQ score r = 0.57, p<0.001),
indicating thart tighter disease control has significant
association with lower disability levels. A similar
relationship was observed between “Avg-Dscore” and
final J-HAQ score (r = 047, p<0.001). Multiple linear
regression analysis, after adjusting for all the covariates,
revealed that "Avg-Dscore” and "Avg-DASZ8" were the
most significant factors contributing to final J-HAQ score,
and confirmed the strong relationship between disease
activity and functional disability.

Conclusions: In patients with RA efficient disease
management, by maintaining the DAS28 values at a level
under 2.6, has significant association with improving
functional capability. The threshold DAS28 level of 2.6
may be useful in developing targeted treatment guidelines
for patients with RA.

The management of disease in patients with
rheumatoid arthnitis (RA) has dramatically altered
in the last decade. The introduction of biologics has
successfully modified the disease course of patients
with RA with active disease that had not
previously been controlled by conventional dis-
ease-modifying antirheumatic drugs (DMARDs). " *
Furthermore, the entire strategy for the treatment
of RA has also been altered. Treatment with
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DMARDs should be aggressively initiated at an
early stage of disease to improve prognosis,” and
some large trials showed extensive suppression of
disease activity led patients to a better functional
capacity.” " Although RA was regarded as a relent-
lessly progressive disease only 20 years ago,
“remussion” rather than “low disease activity' is
achievable and a realistic therapeutic goal these
days based on the development of RA treatment

The ulumate goals in the treatment of RA
generally are no disease activity, and no radio-
graphic joint damage, and normalisation of func-
tional disability. The Disease Activity Score
(DAS)," which consists of the Ritchie score,
swollen joint count, erythrocyte sedimentation
rate (ESR) and the patient global assessment score,
and its modified version, the 28-joint DAS
(DAS28),” are commonly used for the assessment
of RA disease activity in many clinical trials;, while
Health Assessment Questionnaire (HAQ)" is
currently the most used, relable instrument for
assessing functional disability in patients with RA.
Several studies have reported on the relationship
between functional disability, disease activity, and
radiographic assessment in RA.'"" Functional
disability in patients with RA is associated with
multiple variables such as disease activity, joint
destruction, disease duration, age, gender, psycho-
logical state, educational level and comorbidities.'”
" Among these variables, disease activity is
thought to be the most important factor in the
loss of functional capacity, especially in the earlier
phase of RA disease course.''"

Since maintenance of good functional capacity is
the fundamental goal of RA treatment, ‘‘remis-
sion” is now an important concept and the
accepted goal of management in RA. Despite this
fact, RA suffers from the absence of a single “gold
standard” quantitative measure, such as serum
blood sugar and HbAlc levels in diabetes or blood
pressure.” Although the definition of “remission”
has been controversial and various types of
definition of “remission" have been proposed,™"
DAS28 remission at a cut-off level of 2.6 is often
used in clinical practice and clinical trials.™ ™
However, association between a threshold DAS28
level and long-term functional disability has not
been well studied. In addition, it is not well known
whether tight control of RA disease activity leads
to prevention of long-term disability in clinical
practice

The IORRA (Institute of Rheumatology,
Rheumatoid Arthnitis) study 15 a prospective
observational cohort study established at the
Institute of Rheumatology, Tokyo Women's
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Medical University, Tokyo, Japan, since October, 2000.” For
this cohort, physician assessments, patient assessments and
laboratory data were supplemented with various types of
patient information including disability index, disease activity,
comorbidity, and medications used, collected from patient
questionnaire sheets from approximately 5000 patients with
RA every 6 months. More than 99% of patients with RA in our
institute were enrolled, and more than 98% of patients
answered and mailed their questionnaire back to us every time
This cohort database is a powerful resource not only for clinical
research, but also for extensively evaluating therapeutic
strategies under real-life conditions.”*

In this study, we clarify the importance of suppression of
disease activity in the prevention of long-term patient dis-
fability using a single-institute based large observational cohort
in fapan.

PATIENTS AND METHODS

Patients

Among 7511 patients with RA (female 81.7%, mean age 55.8
years, mean RA duration 8.5 years) enrolled in an observational
cohort study at our institute (IORRA) from October 2000 to
April 2005, 2775 patients with RA (36.9%), who had continuous
enrolment for at least 3 years from Ocrober 2000 to April 2005,
were selected as the cohort of patients with RA for this study.
All patients were of Japanese origin and were examined by
rheumatologists, and had been diagnosed with RA according to
the 1987 classification criteria by the Amercan College of
Rheumatology (ACR, formerly, the American Rheumatism
Association).* DAS28 values (based on the tender joint counts,
swollen joint counts, patient-oriented visual analogue scales
(VAS) for general health, and erythrocyte sedimentation rate
(ESR)) and the J-HAQ (Japanese Health Assessment
Questionnaire, the validated Japanese version of HAQ") were
collected from all the patients at 6-month intervals (each
phase). Functional disability status was assessed by |-HAQ.

“Avg-Dscore” and “Avg-DAS28"
DAS28 values were calculated av each phase (once every
6 months) for all patients and a value less than 2.6 was
considered as a tight control. We set up two new variables for
each patient, “Avg-Dscore” and “Avg-DAS28" (average of
DAS28 values over all phases), based on the transition of each
patient’s DAS28 value, The Avg-Dscore was computed taking
the threshold [DAS28 level of 2.6 into consideration. The Avg-
Dscore had a minimum score of 0 and a maximum score of 1;
the DAS28 value of each patient at each phase (once every
6 months), was scored either as 0 if the DAS28 value was less
than or equal to 2.6, or as 1 if it was greater than 2.6. The
average of these scores over all the phases for each patient was
calculated, and this gave the Avg-Dscore. The lower the Avg-
Dscore, the higher the number of phases, in which the DAS528
value was under 2.6.

The Avg-DAS28 was the average of original DAS28 values,
over all phases, computed for each patient. A larger Avg-DAS28
indicates a higher disease activity.

Statistical analysis

SAS software (V9.1; SAS Institute Inc., Cary, North Carolina,
USA) was used for database management and statistical
analysis. The relationship of “Avg-Dscore” and “Avg-DAS28"
with the functional disability level (“Final J-HAQ score” and
“Change in |-HAQ score” (final J-HAQ-inital J-HAQ)) was
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examined using Spearman correlation coefficients. Multiple
linear regression analysis was carried out to investigate the
relationship of DAS28 and funcrional disability. In models 1-6,
the “Final ]-HAQ score" was used as dependent vanable, and in
models 7-12 the “Change in ]-HAQ score” was the dependent
variable. The independent variable used in models 1,2,3,7,8, 9
was ‘‘Avg-Dscore” and in models 4, 5, 6, 10, 11, 12 it was “Avg-
DAS28" Models 2, 5, B and 11 were adjusted for baseline
J-HAQ, and models 3, 6, 9 and 12 were adjusted for baseline
DAS. All the models were also adjusted for age, gender, RA
disease durarion, time of enrolment and seasonal effect. Since
we found a definite seasonal fluctuation in disease activities of
patients with RA, which tend to show improvement from
Spring to Autumn while worsening from Autumn to Spring in
our observational cohort study,“ we adjusted for seasonal effect
when performing multiple linear regression  analysis.
Considerable changes in RA therapy occurred dunng the
20002005 time period, so all the models were adjusted for
time of enrolment. Differences in DAS28 and ]-HAQ data
between first phase and last phase observations were tested by
Student paired t test or Wilcoxon signed-rank test where
appropriate.

Based on the “Avg-DAS28", 2775 patients with RA in this
cohort were divided into following three groups: “Under 2.6",
“Between 2.6 and 3.2" and “Above 3.2". The significance of
differences in DAS2B and J-HAQ between first and last phase
observations were assessed individually in each of the above
groups using Student paired t test and Wilcoxon signed-rank
test as appropriate.

RESULTS

Baseline clinical features of 2775 patients with RA

The baseline characteristics of the 2775 patients with RA in this
study sample are shown in table 1. Overall disease activities in
these 2775 patients with RA were relatively low, as reflected in
the mean tender joint count, swollen joint count, C-reactive
protein (CRP) titre and ESR. The percentages of DMARD and
steroid users during the follow-up period (average follow-up
period 3.6 years, minimum 3 years, and maximum 3 years) in
2775 patients with RA were 97.3% and 65.5%, respectively. The
mean DAS28 decreased from 4.0 at study entry to 3.7 at study
exit (p<0.001 using paired t test), while median J-HAQ scores
were 0.63 and 0.63 respectively. The means of "Avg-Dscore”
and “‘Avg-DAS28", over all the patients, were 0.81 and 3.75,
respectively.

We have also examined the baseline features of 4736 patients
with RA who were not included in this study due to their lack
of continuous follow-up for 3 years. The baseline features of
these excluded patients with RA, such as age, RA duration, RA
disease activity (mean tender joint count, swollen joint count,
CRP titre and ESR, initial DAS28) and |-HAQ scores were quite
similar to those of 2775 patients included in this study cohort
(data not shown).

Relationship of RA disease activity with the functional disability
by Spearman correlation coefficients

The relationship of disease acuvity (“Avg-Dscore” and “Avg-
DAS28") with the functional disability level (“Final -HAQ
score’’ or “Change in [-HAQ score”) using Spearman correlation
coefficients 1s shown in table 2. There was a statistically
significant correlation between “Avg-DAS28" and “Final -HAQ
score’’ (r=057, p<0.001). A similar relationship was seen

Ann Rheurm Ois 2008,67:1153~1158. dor 10.1136/ard.2007.072751
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Table 1 Baseline features of 2775 patients enrolled continuously for at
least 3 years in the IORAA cohort wath rheumatoid arthnitis (RA)
Demographic Value

Number of patients s

Age. years® 56.8 (12.0) (56.01

% Female 837

RA duration, years® 95 (8.4 (1.0)

Positivity for rheumatoid factor, %° 194

Swollen joints/Tender joint coums per 67/68 jonts* 36 (2082 (2.0)

Physician VAS score, mm* 250 (19.8) (20.0)
Patent general VAS score, mm® 353 (24.1) (33.04
Patiemt pan VAS score, mm™ 34.1 |25.5) (29.0)
CRP, mg/di* 1520y (0.7)
ESR, mm/he* 38.5(24.7) (33.4)
OMARD use, %1 a3

MTX use, %* 68.9

Dosage of MTX per week, mgt 63

Staroid use, %t 655

Dosage of steroid per day, mgt 28

Follow-up period, years 36 (0.8)

Initisl DAS28 score® 4001.2) (4.0
Final DAS28 score? 3TN

Avg-DAS28%

Initial J-HAQ score®
Final J-HAQ score?
Change in J-HAD score* 0.06 (0.53) (0.0
Avg-Oscored 0,81 (0.28) (1.0

Data shown (s mean (SD) (median), uniess othenwise stated.
*Observation in the first phase of study. *Orug usage during the follow-up penod.
+Observation in the last phase of study. §For explanation of Avg-DASZE and Avg-
Dscore, see Patients and methods section. * Change i J-HAQ score = final J-HAQ
score—nitial J-HAQ score.

CAHP, Creactive protein; DASZ8, 28-jont Disease Actwity Score; DMARD, disease-
modifying anteheumatic drugs; ESA, erythrocyte sedimentation rate; I0RRA, Institute
oiﬂhﬂnnnbgv Rilunlmnm J-HAQ, the Japanese Health Assessmen
NA, not applicable; VAS, visusl analogue scale.

3.75 (1.00) 3.7
0.79 (0.72) (0.63)
0.86 (0.79) {0.63)

between
p<0.001)

“Avg-Dscore” and "Final J-HAQ score” (r=0.47,

Relationship of RA disease activity with long-term functional
disability by multiple linear regression analysis
The analysis was performed using six multiple linear regression
models to examine the relationship of RA disease acuvity to
“Final ]-HAQ score” (table 3). For prediction of “Final ]-HAQ
score’’, after adjusting for all the covanates it was apparent that
that “Avg-Dscore’” and “Avg-DAS28" were the most significant
factors contributing to “'Final J-HAQ score”, indicating a
positive correlation.

For prediction of “Change in |-HAQ score”, multiple linear
regression analysis after adjusting for all the covariates also
revealed that “Avg-Dscore” and "Avg-DAS28" were the factors

most significantly contributing to “Change in [-HAQ score”,
indicating a positive correlation (table 4)

Relationship of RA disease activity with long-term functional
disability individually in the three groups that were classified
based on “Avg-Das28”

Of the 2775 patients with RA, the number of patients in the
"Under 2.6", “Between 2.6 and 32" and “Above 3.2 groups
were 346, 461 and 1968 respectively. The DAS28 values were
significantly decreased during the follow-up period in all the
three groups. The ]-HAQ scores were significantly decreased
only in the "Under 2.6" group. The difference in J-HAQ scores
was not significant in “Between 2.6 and 3.2" group, However,
the ]-HAQ scores were significantly increased in the “Above
3.2" group.

DISCUSSION

Using a prospective observational large cohort in Japan, we
clearly demonstrated that a tight control of RA disease activity
has significant association with lower functional disability level
after an average 3.6 years of follow-up when a DAS28 value of
<2.6 was considered as a tight control.

In the cohort in this study, (table 2), there was a statistically
significant correlation between "Avg-DAS28" or “'Avg-Dscore’
and “'Final ]-HAQ score”, indicating a significant relationship
between tighter disease control and lower disability levels
Combe ¢r al found that 3- and 5- year HAQ disability could be
predicted mainly by baseline HAQ score in 191 patients with
early RA- Other previous studies focusing on the predictive
factors of HAQ disability have also identified baseline HAQ
score as the best prognostic factor.'™" *' ** Hence, we also made
multiple linear regression models (models 2, 5, 8 and 11) that
were adjusted for age, gender, RA disease duration, time of
enrolment, seasonal effect, and baseline J-HAQ score as an
explanatory variable (tables 3 and 4). These multiple linear
regression models also confirmed the strong relationship
between "Avg-DAS28" or “Avg-Dscore” and “Final J-HAQ
score’ or “Change in -HAQ score” after adjusting for all
cavanates including baseline J-HAQ score and baseline DAS28
(tables 3 and 4), indicating managing disease activity efficiently
by maintaining DAS28 score values under 2.6 has significant
assoclation with reduced long-term disability.

Some prospective studies reported the relationship between
functional capacity and disease activity of RA. Drossaers-Bakker
¢t al found that functional capacity was strongly influenced by
disease activity throughout the course of RA in 132 female
patients with early RA over 12 years of cohort follow-up.!" By
contrast, Welsing et al reported that the effect of disease activity
and joint destruction on functional capacity changed over the
course of the disease in 378 patients with early RA with 9 years
of cohort follow-up.” They concluded that the loss of

Table 2 Relationship of RA disease activity with the functional disability by Spearman correlation coefficient

Change in J-HAQ
Final J-HAQ score  scoret Avg-Dscore; Avg-DAS28:
Final J-HAD score 1.00 0.45* 047* 057*
Change in J-HAQ scoret 0.45* 1.00 o 0.21*
Avg-Dscore} 0.47* 01 1.00 0.83*
Avg-DASZ8; 057 (14 b o83 1.00

*p<0.001. tChange in J-HAQ score = final J-HAQ score - initial J-HAQ scote. 2 For explanation of Avg-DAS28 and Avg-Dscore,

sea Patients snd methods section,
DAS28, 28-jomt Disease Actwity Score; J-HALL J

Hualth A 0. RA,

arthrms.
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Table 3 Relationship of rheunatoid arthritis (RA) disease activity 10 long-term disability using multiple linear
regression analysis: prediction of “Final J-HAQ score”

Explanatory variable Linear regression coefficient (p value), n = 2775
Model 1 Avg-Dscore* 1.025 {<0.001)
Model 2 Avg-Dscore”, baseline J-HAQ 0.476 (<0.001)
Model 3 Avg Dscore®, baseling DAS 0.712 (=0.001)
Model & Avg DASZ8" 0.414 (<0.001)
Model 5 Avg-DAS28°, baseling J-HAQ 0.202 (<0.001)
Model & Avg-DAS28*, baseline DAS 0.438 (<0.001)

All modeis were adjusted for age, gender, RA disease duration, time of enrolment and seasonal effect. Model 2 and model 5 were
aiso adjusted for baseling (Initial) J-HAQ score as an explanatory variable. Model 3 and model & were also adjusted for baseline

{Initial) DAS28 score as an explanatory vanable.

*For explanation of Avg-DAS28 and Avg-Dscore, see Patients and methods section.

functional capacity was caused mainly by disease activity in
early stages of the disease, while joint destruction was the main
determinant for functional capacity later in the disease course.
In our study, since mean RA duration of our cohort sample was
9.5 years at entry, most patients were categorised as having
established RA_ Although patient characteristics at entry of this
study were different from the previous two reports in which
their cohort was based on patients with early RA" " our
findings are in concardance with the cohort study by Drossaers-
Bakker et al, in which disease activity was the most important
factor in determining the loss of functional capacity throughout
the course of RA'

Various definitions of “remission” in RA have been proposed,
such as ACR remission criteria,* radiographic remission™ * and
remission assessed by DAS,” DAS28," simplified disease activity
index (SDAI)” " and clinical disease activity index (CDAI). " *
Although DAS2E remission at a cut-off level of 2.6 is often used
in clinical practice and clinical trials”* and we use this cut-off
point in this study, many researchers have chosen their own
favourable DAS28 cut-off points such as 2.66, 2.81," 2,32,
and 2.4."" “ Based on our analysis in the three groups that were
classified by “Avg-DAS28", the disease actvity was signifi-
cantly reduced in all three groups. However, Functional
capability was significantly improved only in the “Under 2.6”
group that had average DA528 values under 2.6. The change in
functional capability in the "Between 2.6 and 3.2" group with
average DAS2B values between 2.6 and 3.2 was not significant
and in the “Above 3.2" group with average DAS28 values above
3.2, functional capability significantly deteriorated. Hence, it
can be suggested that we have to control the disease activity of
patients with RA more strictly. A targeted treatment strategy
should be undertaken in the management of RA in daily
practice, and based on our results, the target DAS28 should be
<2.6 to prevent progression of disability. The threshold DAS28
level of 2.6 may be useful in developing guidelines for targeted

treatment Strategies in patients with RA from a viewpoint of
predicting patient functional disability, The definition of
“remussion’’ generally is the total absence of signs and
symptoms of the disease: (1) no tender and swollen [oints, (2)
no increase in joint damage, and (3) full functioning (HAQ =0).
However, we have to acknowledge that a definition of
remission according to DAS28 at a cut-off level of 2.6 may
include many patients with a considerable number of tender
and/or swollen joints," ** and that a DAS28 cut-off level of 2.6
has to be used with caution in clinical practice and clinical trials
of RA treatment.

In RA, disability consists of two major components, reversible
components such as joint pain and swelling due to joint
inflammation, and irreversible components such as joint
destruction, deformity, and muscle weakness. Aletaha et af
reported that average HAQ scores despite clinical remission
increased progressively with duration of RA and the reversibility
of HAQ scores decreased with the duration of RA in 295
patients in whom clinical remuission was achieved in several
clinical trials,” Hence, when we assess remission using DAS28
score, the cut-off point might not be limited to a single value for
the whole population of patients with RA, and this may be
considered separately for subgroups of patients with different
disease duration. Further longer-term observational studies are
required to examine a cut-off level of DAS28 remission,

The low continuation rate of our study and selection bias of
patients with RA may be possible limitations. In fact, among
7511 patients with RA enrolled in IORRA from October 2000 to
April 2005, only 2775 patients with RA (36.9%) had continuous
enrolment for at least 3 years. Since our institute is located in
the centre of Tokyo, many patients with RA may travel long
distances. The purpose of their visit may be to obtain a second
opinion for therapeutic strategy, and thus they may not keep
visiting us thereafter. However, it 1s our principle to enrol all
patients with RA into this cohort and thus we may lose many

Table 4 Relationship of theumatoid arthritis (RA) disease activity to long-term disability using multiple linear
regression analysis: prediction of “Change in J-HAQ score”

Explanatory variable Linear regression coafficient (p value|
Model 7 Avg-Dscore* 0.287 (<0,001}
Madel 8 Avg-Dscore®, baseline JHAQ 0.476 (<0.001)
Model § *. basebne DAS 0.588 (<0.001)
Model 10 Avg-DAS28" 0.099 {<0.001}
Model 11 Avg-DAS78°, baseline J-HAD 0.202 (<0.001}
Model 12 Avg-DAS28*, baseline DAS 0.313 (<0.001)

All modeis were adjusted for age, gender, RA disease d

time of

and | effect. Model 8 and model 11 were

also adjusted for baseline (Initial) J-HAQ score as an explanatory variable. Model 9 and model 12 were also adjusted for baseline

(Initial] DAS28 score as an
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explanatory vanable. Change in J-HAQ score = final J-HAQ
“For explanation of Avg-DAS28 and Avg-Dscore, see Patients and methods section.
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score—initisl J-HAQ score.
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Table 5 Relationship of RA disease activity with long-term functional disability for each “"Avg-DAS28" group

“Avg-DAS28" group* Under 2.6 Between 26 and 3.2 Over 3.2

Number of patients 346 461 1968

Inmial DAS2E scoret 2.5 (0.8) (24) 33 (08 (3.2) 44000 143)

Final DAS28 score) 2.1 10.7) (2.9) 28 (0.8) (28) 42 (11) (4)
Change in DAS28 score§ —0.40 (1.08), <0.001 -0.38 (1.37), <0.001 -0.29 (1.38), <0.001
Inttial J-HAQ scoret 0.32 (0.46) (0.13) 0.48 (0.55) (0.25) 0.95 (0.73) (0.88)
Final J-HAQ score; 0.27 (0.45) (0.0) 0.44 (0.58) (0.25) 1.06 (0.79) {1.0)
Change n J-HAQ score® -0.05 {0.33), <0.00 -0.04 (0.48), 0.08 0.11 (D.56), «0.001

Data t5 mean (SO) (median) or mean (S0), p value, unless otherwise indicated.

“For explanation of Avg-DAS28, ses Patients and methods section. +Observation in the first phase of study. ! Observation in the
last phase of study. SChange in DAS28 score = final DAS28 score—initial DAS28 score: the p value of this variable was calculated
using the paired t test. * Change n J-HAQ score = fnal J-HAQ score-nmial J-HAQ score; the p value of this variable was

calculated using the sign test.
DAS28, 28-joint Disease Activity Score; J-HAQ, the Jap

Hesith A

patients during follow-up. Additionally, we sometimes refer
patients with RA to their family doctors, who may lose them
during follow-up. However, the baseline features of 2775
patients with RA included in this study sample were quite
similar to the 4736 excluded patients with RA. Hence, we
believe selection bias of patients with RA may be minimal.

In conclusion, efficient management of disease in patients

with RA, by maintaining the DAS28 value at <2.6, has
significant association with improved functional capability as
assessed by |-HAQ over a long-term period. The threshold
DAS28 level of 2.6 may be useful in developing guidelines for
targeted treatment in patients with RA,
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Rheumatoid arthritis is a chronic autoimmune inflammatory
disease with a complex genetic etiology. Members of the
signaling lymphocyte activation molecule (SLAM) family carry
out pivotal functions in innate immunity and in conventional
lymphocytes. We identified a linkage disequilibrium block
associated with rheumatoid arthritis in the chromosome 1q
region containing multiple SLAM family genes. In this block,
the association peaked at two functional SNPs (rs3766379 and
rs6682654) in CD244 in two independent rheumatoid arthritis
cohorts from Japan (P = 3.23 » 10 % and P = 7.45 = 10°9),
We also identified a Japanese cohort with systemic lupus
erythematosus that had a similar genotype distribution as the
rheumatoid arthritis cohorts. We demonstrated that the
rheumatoid arthritis—susceptible alleles of rs3766379 and
rs6682654 and their haplotype increased their expression

in luciferase and allele-specific transcript quantification
assays. €244 is a genetic risk factor for rheumatoid arthritis
and may have a role in the autoimmune process shared by
rheumatoid arthritis and systemic lupus erythematosus.

Rheumatoid arthritis, which affects 0.5%-1% of the world’s
population, is a common inflammatory disease; both autoimmune
and genetic factors are important in rheumatoid arthritis suscept-
ibility'. The locus most conclusively associated with rheumatoid
arthritis is the HLA-DRB locus, which accounts for about one-third of
the genetic component of the disease!®, Multiple genes, including
PTPN22, PADI4, FCRL3, SLC22A4, CTLA4 and STAT4, have been
shown to have variants that increase susceptibility to rheumatoid
arthritis (hereafter “rheumatoid arthritis-susceptible variants”) in
case-control association studies®!!, In particular, the associations of
PTPN22 and PADI4 have been validated with multiple follow-up

studies and meta-analyses'>!!, These studies have clarified two
important aspects of genetic factors in rheumatoid arthritis and
autoimmune diseases. First, some rheumatoid arthritis—susceptible
polymaorphisms also increase the risks of other autoimmune diseases,
as reported for PTPN22 with type | diabetes mellitus, systemic lupus
erythmatosus (SLE) and autoimmune thyroiditis (AIT)'; FCRL3 with
rheumatoid arthritis, AIT and SLE%; CTLA4 with rheumatoid arthritis,
type 1 diabetes mellitus and AITY; SLC22A4 and SLC22A5 with
Crohn's disease and rheumatoid arthritis'® and, most recently,
STAT4 with rheumatoid arthritis and SLE®. The second factor that
these studies highlight is the heterogeneity of risk variants between
populations of different geographical origin. For example, the risk
variant of PTPN22 is not present in East Asians', although the
association between PTPN22 and rheumatoid arthritis is robust in
individuals of European origin, as shown by a genome-wide associa-
tion scan'®, In addition, the relative risks of the risk variants of PADI4
are different between individuals of East Asian and European origin,
although the allele frequency of the variants was similar'?,

A large-scale, case-control association study of 830 cases and 658
controls (rheumatoid arthritis case-control cohort 1), which previously
reported rheumatoid arthritis—susceptible variants of PADI4, SLC2244
and FCRL3 (refs. 7,9,10), identified a positive signal in the region
containing multiple SLAM family genes on chromosome 1, spanning
more than 30 million base pairs. This region has also been implicated
in previous linkage studies of rheumatoid arthritis and SLE'417, we
selected a 1.1-Mb linkage disequilibrium (LD) segment based on phase
II HapMap data in which the initial association was detected. This
segment contained 38 genes.

Along the 1.1-Mb core segment in the contig NT_004487.18 (Fig. 1
and Supplementary Table 1 online), we genotyped 91 SNPs and rested
them for association with rheumatoid arthnitis using rheumatoid
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arthnitis case-control cohort 1 {830 cases and 658 contrals). The central

part of the segment, spanning 70 kb and containing LY9, CID244 and

ITLN 1, was densely covered with 36 tagging SNPs that we selected from

the HapMap project using the method of ref 18

genotype frequencies of 91 SNPs with the Cochran-Arm

test (Fig. 1b,c and Supplementary Table 1) in segment,

0.001

; hive of

were strongly associated with rheumatoid arthnitis (P
these were located in CD244 and one in LYY (Table |, meta-analysis of
rheumataid arthritis case-control cohorts 1 and 2). Because three SNPs
in LY9 (rs3817407, rs1333065 and rs509749) have been reported 1o be
associated with SLE', the data count of these three SNPs is also shown
in Table 1, although we did not note any significant associations in

these three SNPs on LYY, We genotyped the six strongly associated
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Because the SNPs in CD244 associated with
rheumatoid arthritis are located in its introns,
we hypothesized that the variants affected the
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Figure 1 LD block and allelic association around CD244. (a) Pairwise LD in the 1,1-Mb region in 1q22
around the SLAM gene cluster. The index of pairwise LD, ~, for individuals with rheumatoid arthritis
and contral individuals 15 presented in the upper right and the lower left, respectively. LD blocks
(below) are indicated by thin lines, and the color gradient shows LD values. (b) T
ol P). (c) Gene structure
{P that shows t
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expression of CD244. From the Gene Expres-
sion Omnibus (GEO) database, we obtained a
data set of whole-genome gene expression
variation in lymphoblastoid cell lines derived
from 210 unrelated HapMap individuals from
three HapMap populations (CEPH (Centre
d'Etude du Polymorphisme Humain) from

Utah (CEU), Han Chinese from Beiiing

(CHB} and Japancse from Tokyo (JPT))*.
tion of the g - g

We tested for correlation between CD244

expression in the lymphoblastoid cell lines
from 90 East Aswn individuals (45 Han
Chinese from Beijing and 45 Japanese from
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Tokyo! and the genotypes of 802 SNPs in the core segment using a
linear regression model. Ten SNPs had P values < 0.0001, and eight of
ten were located in CD244; rs6682654, which was also strongly
associated with rheumatoid arthritis in our case-control test, was one
of them (Fig. 2 and Supplementary Fig. | online). These results seem
to support the hypothesis that geneuc variants in CD244 affect CD244
expression, and the mechanism of this effect might explain the
association between rheumatoid arthritis and SNF genotypes in CD244,

We performed a luciferase assay to test this hypothesis for the SNPs
in CD244 with the five smallest P values in the case-control association
test: 83766379 (mmtron 3), rs6682654 (intron 3), rs1 1265493 (intron
7). rs3753389 (intron 5) and rs131965] (intron 4). We subcloned a
nucleotide segment around each SNP into a vector containing an
SVa0 promoter. The allele-specific constructs containing the rheuma-
toid arthritis—susceptible allele of rs3766379 or rs6682654 showed
approximately 1.5 to 1.7-fold higher transcriptional enhancer activity

Table 1 Genotype counts and case-control association test results

compared with the other constructs contaming nonsusceptible alleles
(Fig. 3a,b), indicating that the susceptible allele of cach SNP upregu-
lates the transcription of CD244. We did not observe any allele-specific
difference in luciferase activity in the other SNPs,

Because rs3766379 and rs668263 seemed to be funcrional, we
evaluated their LD relation. D’ between them was 1, and we inferred
three haplotypes. Among the three existing haplotypes, one haplo-
type was infrequent (frequency = 0.06), and there were two major
haplotypes: haplotype_| (rs3766379 T and rs6682634 C) and haplo-
type_3 (rs3766379 C and rs6682654 T). The haplotypes showed a
significant association with rheumatoid arthritis, as seen with indivi-
dual SNPs (Table 2). We evaluated the combined effect of these two
SNPs with logistic regression analysis™ but did not see any significant
cffect with the combination (P = 0.39), Because rs7528684 in FCRL3
was associated with rheumatoid arthritis and SLE in our previous
study”, we also performed logistic regression analysis™ for the effect of

Frequency of
Case Control allele | Cedds ratio (allele)
Gene dhSNP 1D Allele 1 Allele 2 -_—
n w2 22 Sum 2 212 Sum  Case Control OR (95% c.l)
— -1

RA case-control cohort 1 RA 1 Control 1

LYs rs1333065" C T 187 390 247 824 136 320 188 644 046 046 083294 1.02 (0.88-1.18)
rsdQ1 7732 G T 7 134 BE] 822 10 150 492 852 009 0.13 000045 0.66 (0.52-0.83)
rs3g17407" A G 101 328 395 824 79 307 272 658 032 035 007461 0.87 (0.74-1.01)
rs509749% A G 446 321 51 818 344 255 51 65 074 073 0.32663 1.09 (0.92-1.28)

CD244 1511265493 T Cc 308 353 144 805 177 335 134 646 060 053 000026 1.32(1.14-1.53)
13753389 T c 308 356 141 805 185 315 146 646 060 053 000011 1.35(1.16-1.57)
153766379 T cC 309 336 143 788 i8a 320 147 661 061 053 000006 1.37 (1.18-1.59)
rs1319651 C G 360 355 104 818 232 310 107 643 066 060 000098 1.23(1.11-1.50)
rseE82654 Cc L 361 347 101 Bog 222 321 102 645 066 059 000018 1.34 (1.15-1.55)

RA case-control cohort 2 RA 2 Control 2

LYa 54017732 G T 17 187 908 1112 11 169 759 939 010 0.10 0.8B080B 0.97(0.79-1.20)

Co244  rel 1265493 T C 386 532 193 1,111 274 452 214 940 059 053 000049 1.25(1.10-1.41)
rs3753389 T cC 331 530 191 1,112 275 451 214 940 059 053 000026 1.26 (1.12-1.43)
rs3766379 T C 3% 52 193 1,111 272 452 214 938 059 053 000020 1.27 (1.12-1.44)
rs13196581 C G 472 495 laa 1,111 335 aal 164 940 065 0.59 000024 1.27 (1.12-1.44)
rsh682654 C T 477 491 142 1,110 336 439 164 939 065 059 000012 1.29(1.13-1.46)

Meta-analysis of RA case-control cohorts 1 and 2° RA 1+ RA 2 Control 1 + Control 2

LY9 rsd017732 G T 24 321 1,589 1,934 21 319 1,251 1591 010 0.1 001420 0.82 (0.70-0.96)

CD244  rs11265493 T C 654 @85 337 1916 451 787 348 1586 0.59 053 000000041 1.28(1.16-1.41)
rs3753389 T L 699 886 332 1,917 460 7eb 360 1,686 060 053 000000008 1.30(1.18-1.43)
rs3766379 1 c 701 862 336 1,899 45 772 361 1,588 060 053 000000003 1.31(1.19-1.44)
rs1319651 G G 832 850 248 1,930 567 751 271 1,589 065 059 0.00000064 1.28(1.16-1.41)
rsbBE2654 c T B38 838 243 1919 558 760 266 1584 066 059 0.00000007 1.31(1.19-1.44)

SLE case cohort? SLE

co2aa rs] 1265493 1 c 207 247 101 655 0.80 0.00089 1.30(1.11-1.561}
rs3753389 T C 207 246 100 553 0.60 0.00088 1.30(1.12-1.50)
53766379 T C 209 243 102 554 0.60 0.00070 1.31(1.12-1.52)
rs13196561 c G 239 238 73 550 0.65 0.00148 L291(1.11-1.51)
rs6682654 c T 242 238 74 554 0.65 0.00144 1.29(1.11-1.51)

Pyalues <0.01 are italicized, RA, theumatoid arthntis, RAL, riveurmatord arthrits case-control cohort 1. RA2, rheumatold artiritis case-contml cohort 2 OR, wdds ratio
" yalues ropeasent the Cochiran-Armitage trend P for casé-control comparisons. STheee SNPs that were reported 1o be associated with SLE. “Meta-analysis of cohorts 1 and 2 (Mantel- Haensrel)
“Genotype counts wets comparsd with contrels m cohiart 2.
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the combined effect of the two loci (two SNPs in the C12244 locus and
one SNP in the FCRL3). We did not find any significant effects of
combinations of any pair or of all three combined (P > 0.1).

We subsequently looked for nuclear transcription factor(s) that
might bind to oligonucleotide sequences containing these SNPs using
TRANSFAC. We found that rs3766379 and rs6682654 were located in
o heat-shock  transcription  factor  (HSF)-1/HSF-2/early  growth
response (EGRJ-2 binding site and an upstream transcription factor
1 (USE-1) binding site. We examined the allelic differences in the
hinding of nuclear proteins between a susceptible allele and a non-
susceptible allele by electrophoretic mobility shift assay (EMSA). The
signal intensities of the DNA-protein complex from the susceptible
alleles of rs3766379 and rs6682654 were higher than those from the
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Figure 2 Association between CD244 sipression and SNP4 in CD2d4 and
nesghboting genes from rel. 22. (a) F values of linear regression test
between CD244 expression in lymphoblastold cell lines from Asian
populations and the number of alleles of Individual SNPs, plotted in a
logarithmic scale along the chromesomal location in the core segment

(b) P values of case-control association tests in the rheumatoid arthritis

case cohort 1, for compatisen with a. The honzontal axis represents the
chromosomal location of SNPs, and the vertical axs represents the
statistical significance of analysis in loganthmc scale

nonsusceptible alleles in the presence of Jurkat E6-1 nuclear extract
(Fig. 3cd). In the EMSA of rs6682654, the band of DNA-protein
complex disappeared with the addition of antibody against USF-1 1o
the reactant (Fig. 3c). We then cotransfected an expression vector
expressing USF-1 with a luciferase construct containing rs6682654
into Jurkat E6-1 cells. Owverexpression of USF-1 significantly increased
luciferase activity of rs6682654 (P < 0.01, Student’s t-test, Fig. 3e).
However, HSF-1, EGR-1 and EGR-2 were not related to the transcnip-
tion enhancement in the DNA region. including rs3766379. It is
possible that the combination of USF-1 and unidentified nuulr.lr
factor(s) interact with each regulatory region of gene expression in
CD244 and influence rheumatoid arthritis susceptibility, USF-1 inter-
acts with its target sequence, E-box, resulting in transcriptional
activation in response 1o various stimuli®?.

To further investigate the effect of the two major haplotypes of
CD244 (haplotype_1 and haplotype_3} on transcription, we per-
formed allele-specific quantitative PCR using a TagMan probe on
Epstein-Barr virus (EBV)—transformed human lymphoblastoid cell
lines with heterozygous genotypes of rs376637% and rs6682654, We
used these genotypes because they are in complete LD, and the cell
lines that were heterozygous with respect to rs6682654 and rs3766379
had haplotype_1 or haplotype_3. In these cell lines, the suscepribie
haplotype, haplotype_1, showed significantly higher expression than
the nonsusceptible haplotype, haplotype_3 (Fig. 4, P < 00001,
Student’s r-1est).

€244, also known as 2B4, is one of the NK cell-activating or
~inhibitory molecules in mice and humans, and recent findings on the
molecular mechanisms of SLAM family members, including CD244,
have indicated their important roles in the immune system?*,
Therefore, we do not find it surprising that genetic polymorphisms
in CD244 are associated with susceptibility to autoimmune discases
such as rheumataid arthritis. We have demonstrated that two SNPs in
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Figure 3 Functional assessment of 00244 SNPs using Jurkat E6-1 cells. (a,b) Transcriptional e ons e
enhancer activities of rs3766379 (a) and 156682654 (b), as measured by luciterase activity 060 .
24 h after transtection, in triplicate, of Jurkat E6-1 cells with the construct containing each % oss
SNP. The susceptible alleles of rs3766379 and rs6682654 are the T allele and the C allels, ' !
respectively, (¢.d) Electrophoretic mobility shift assays of rs3766379 (c) and rs6682654 (d), é 05 :
Unlabeled probe was used as a competitor in each assay. We observed binding of nuclear 045; 1 i
factor(s) with susceptible SNPs of both of rs3766379 and rs6682654. (d) Addition of an 040 |
antibody against USF-1 results in disappearance of the bands. (e) Overexpression of USF-1 03s q m|
induces lucilerase activity for both rs6682654 genotypes. Values of relative luciferass activity Lacz USF Lac?  USF-
are expressed as mean = s.d. (results of a triplicate assay). *# < 0.0001 (Student’s t-test) T c
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