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.1 B-cell depleting agents, |ike anti-CD20 anti bodi es
or fragnents thereof for the treatnent of chronic
fati gue syndrome The present invention relates in a
first aspect to a B-cell depleting anti-CD20 anti body
or a CD20-bi ndi ng anti body fragnment thereof for the
treatment of chronic fatigué syndrome and nyal gic
encephal onyelitis. In partlcular the 5 present

i nvention rel ates oth nt i,- CD20, nonocl onal
B-goll depieting fgentsy t-#i‘?& Pdigs Q% ffﬁﬂ&??é}‘&%fe“ for
the, traatmead qf(ﬁ“’?ﬂ!,f fat&u%m' B?MEhroni c fatigue

syndrone/ nyal gi ¢ encephal onyelitis in a subject

Th@féﬂebﬁﬁ?ﬁmv@nilgn%léieg' ﬁ%‘ﬁ?st a@)ebf‘ t& J Btéélﬁﬂeﬁléﬂﬁﬁtantn CD20

esent i nvention relates to B-cel elng
antagedu s:ru a gbBRerkindingr antieody Seagment thereﬁ? 6W ¢he dreajment of

ch@fﬁ?rfgp@éél AGing %n@e @ o&y&l hta'l&nké‘htﬂs SMbJﬁoilﬁcular the

erew th roudlSCH
pré‘s@ﬁt@tﬂerﬁmmé]ufeﬂtoohmecusamfgaetlQﬁﬂnmqml agtibodies or

char eri z b t
fraGaRTS ot of syt Sf BEFEBot) HiftarlEd IS R {rfnent pf chronic
fatigueh sgngronsé/anfalgit emceptidlomyelitispireva cubjeay efficted with said
occupational, social, or personal activities. A so, 20
dise@s€pati ents often experience persistent or recurrent
synptons such as inpairnent of short-term nmenory or
concentration, nuscle Paln JOIn a|n

in Svhiaeasapoh, tharesent musblbRdolatbash Beell Hapieting agents in

eﬁ&%lp‘?&t ﬁi@rﬁbﬁﬁnéﬁft‘m&ﬁtbﬁfbnﬁdzu\‘ét@&s drelme 3A&4 myalgic
Ann Intern Med 953-9et al 1994). Al though nany

engemle@vah%"sﬁMJ@@Btfﬁ"eteéil&h@f%w'#bns in blood tests
or 25 radiological investigations, no biomarker or
di agnostic test exists. The preval ence of CFS
Tewbnicalibkekggoundught to be at least 0.5 % and the
female: male ratiois 3:1 (Wller VB. 2007, Acta
Neur ol Scand Suppl 187:7-14). 2 nmechanisns. The
CWN!IQMGMEJSY&BROME)resuned to be nultifactori al

Ch?c%lgg{prﬂ}%g%\éo eqr%%%é&%’) is c aergc\:/tlehggcrimbq’t 3}1 Jnaecxtp? |ﬁed severe
fatigue, persisting for at least six consecutive months, and with a substantial
reduction of previous levels in occupational, social, or personal activities. Also,
the patients often experience persistent or recurrent symptoms such as
impairment of short-term memory or concentration, muscle pain, joint pain
without evidence of arthritis, headache, sleep disturbances, and post-exercise
exhaustion (Fukuda K, et al., 1994, Ann Intern Med 121:953-9et al 1994).
Although many studies have shown subtle alterations in blood tests or

radiological investigations, no biomarker or diagnostic test exists.

The prevalence of CFS worldwide is thought to be at least 0.5 %, and the
female: male ratio is 3:1 (Wyller VB. 2007, Acta Neurol Scand Suppl 187:7-14).

The aetiology of CFS remains unclear. The various hypotheses include

immunological, virological, neuroendocrinological, and psychological
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In a recent review of Novenber 2007, descri bing
current research priorities in 5 CFS, the urgent need
to el ucidate the pathogenesis is highlighted (Kerr JR
et al., 2007, J din Pathol 60:113-6). Many patients
suffering from CFS have a history of an acute vira

i nfection preceding the devel opnent of fatigue.

Al t hough research data indicate 10 evi dence of inmune
system activation, the djseas

h .
nSiemactivatlon, Lhe & eRse pechan TS ¢ STk il and
mv%W%bolﬁoh@ét%dd&‘\ﬁr&Hﬁ?eﬁfm fictdRN(DERaRaN& e 2D06YS,

e alnms to develop a di agnostlc test and also to
gui de the devel opnent of nore specific treatnent

In %Dr%\égﬂr Fevidw ﬁﬂﬁve’rﬁbe?@@@? &egérrbl?{b r&llrre%? ré§§ar§ﬂ)pnérﬁles in

gene expressi on studi es havé been per or ned
CRS;3hei urgen’aheeg tbr&iucndab?f &@petlm@@esq%lswghMﬂe(%err JR et

ol 308 FERRABE A 300t ence mochani e, one

m croarray study showed differential expression of 16
estl T-cel | 20, act

%%QSSF%'gﬁc%u ‘F""i‘égr%'ﬁ SRt ?oﬁﬁ!ﬁf&r&/%fun %‘”&Irafl infection

prédedisg) the\ dédelopthent 2610 Fatiguél] rAIEP&idgbi re8e8b- Eméta indicate
Anot her mi croarra st udy usi, ng tﬁ g sanpl es
el

evidencenhef aiMPLBBdS tiyatio isease Rﬂ)gchﬁneﬁﬂls remain

unR WRNiS céﬁ%{tﬁ‘dr@ﬂvagt@&y‘i qtbuprwipIbehed BAr2004;r16s e(uciifte the
ection and al so from subbects w th EBV | nf.ection

mQAPQWQUmWéF&S@ﬁTQﬁtCFcﬁ with itge @img daday jaguQsHs tgst and
als%5tcP§Uﬁfb tid gele Wﬁfb‘?é'sﬁ‘)ecfﬂénﬁébﬁﬁerﬂng)éﬁédur LD, Kerr

wer e deregu ate Vernon SD, et
JRI ﬁﬂQGIJDﬂ@ ‘6|f<1|5§7 1%—&0&& gene expression study in CFS
suggest ed di sturbance of exercise responsive genes
i ncl udi ng several involved in nmenbrane transport and
SeweralcgmimekmesyﬂbnsstudresTham beeh perfyowd Bl\,@ESmi@,di@ating that

thqrgv e Egggg'v by g?sﬁlﬂé’){s Sertd  SEdIG1iBRE VI Kcddfadfice with a
dysfunction in immune response and in defence mechanisms. One microarray
study showed differential expression of 16 genes in CFS, suggesting T-cell
activation and a disturbance of neuronal and mitochondrial function (Kaushik
N, et. Al., 2005, J Clin Pathol 58:826-32). Another microarray study using serial
samples of peripheral blood mononuclear cells total RNA, from patients
developing CFS after Epstein Barr virus (EBV) infection and also from subjects
with EBV infection without development of fatigue, concluded that several
genes affecting mitochondrial function and cell cycle were deregulated (Vernon
SD, et. Al., 2006, BMC Infect Dis 6:15). Another gene expression study in CFS
suggested disturbance of exercise responsive genes including several involved
in membrane transport and ion channels (Whistler T, et. al., 2005, BMC Physiol
5:5). Recently, an analysis of gene networks in CFS revealed seven distinct
genomic subtypes with differences in clinical presentation and severity (Kerr J,
et. al., 2007, J Clin Pathol). Several other studies have addressed global gene
expression in CFS (Fang H, et. al.,, 2006, Pharmacogenomics 7:429-40;
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30 genom ¢ subtypes with differences in clinical
presentation and severity (Kerr J, et. al., 2007, J
din Pathol). Several other studies have addressed

gl obal gene expression in CFS (Fang H, et. al., 2006,
Phar macogenom cs 7:429-40; 3 Wistler T, et al.

2003, J Transl Med 1:10). The gene expression data are
not concl usi ve, but suggests3that there are gene

‘oressn on di sturbances in CES representing various
WhistlerT aet 2lur®Q0% WsTragstiMesh1:1A%i cate that the disease

ThE@%@@fﬁ@&%ﬁ%ﬂ%@M%ﬂ@%@ but Bugheyti thahthdroeire gene

resear ch has been a sustai ned i nmune
expressipn disterbances | ioWCR§ serresepting MReioysseeiiian fungtipns, and

mq@é’ag}c;ég%ﬂ{a& tﬂg%‘éé&% hao'!'grh%té %Egg%é’?'a Rgens

e assocl at wth Epst el n-Barr
virus (Lerner AM et al., 2004, In Vivo 18:101-6),

A %{%@évﬁbﬁﬁﬁg&g 'K}at]’gF%K eg%r%hmﬂa 0&8 en i]nsle usPﬁgﬁ’l Jmmune
defsyullftiorR) followlingeaalteV ekogerfdies rselmtAMsueh ak. a 2092 infection.
S, s bR PP ! Moo T EFS oo
Ep QEWBB?I" vitls (E&@er AM, detrm\fzmu &YV&CDWB 1D156)994hﬁerpv1rus (Chia

di a pneunoni ae

200

JK G aghb7: g o SN S s, Bl o et B (P 2003

|nté§Ptme&JE425§IdaaS)S éﬁ g cHSitder RESIET 4AM, 5@t )al A20e2enh Vivo
lve at |

postinfe

ue syndrone fou
16@5@%} drvsean mrme@wweg@o&?h@%v@o%cﬁ ¥n M 4,Clin Virol 37
Suéﬁr %‘? @f“r&% ﬂﬁfcﬂm%mtg Qﬂm NGk sl Zﬁi r@@wemmg 46),
ter 1 nfection | mer-Conna U,
Chmwuaclnneumﬁmae (Nicolsen7 3L 5)et @l-hepQ03) a‘%ﬂmtShaW 557-66).

edétgea{}‘é &fcd actlgs%[tbg\?ér é‘%l—‘:jeﬁ@tiétl-ié}beg746-

§ae s and el evat ed
50I)eve| s of cyt oki nes the CFS pati ents may have a
reduced i nmune cell function with a | ow NK-cel |
cytotoxicity and i mmunogl obul in deficiencies (Patarca
A theBQQtlldy/bfrpo%ﬁnféché(faﬂgtSe sy8ddnisfoutitDho différenses in ex vivo

orted h nunber .Qf circul ati B- | t
cyiaking: FQKCE%'?I oVe|pa o4 mPutl R ndse E?P réd’ 18 controls
re&%t@hﬁgs;br% 1;ﬂfy aﬂéemf@audmI(vsmhea»cmacumraed zom Clin Infect
cont r Ol U et al., 1994,

Dis #5632 5) %@'Iseclﬁ'fﬁtﬂ'@rt despite §'€5’d§ﬂ8ﬁ/e FB'E'HE‘SdaQEB@é'Q" as
deMSnsihted bfNAcreadeaatlirb¥rt ofBetivdiBd TckNdRhacalesated levels of

cytokines, the CFS patients may have a reduced immune cell function with a
low NK-cell cytotoxicity and immunoglobulin deficiencies (Patarca R. 2001, Ann
N Y Acad Sci 933:185-200).

Others reported a high number of circulating B-lymphocytes, altered NK-cells
subsets also with increased expression of adhesion molecules, as compared to
controls (Tirelli U, et al., 1994, Scand J Immunol 40:601-8), while another study
showed reduced CD56+ NK-cells, and reduced CD4+ and CD8+ T-lymphocytes
in CFS patients (Racciatti D, et al., 2004, Int J Immunopathol Pharmacol 17.57-
62). Also, T- and NK-cells from CFpratients were found to express lower
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in CFS patients (Racciatti D, et al., 2004, Int J

| mmunopat hol Pharmacol 17:57- 62). Also, T- and
NK-cells from CFS patients were found to express | ower
4 | evels of the intracellular granule protein
perforin, indicating a reduced ability to nediate
cytotoxicity. One study showed several abnormalities
in |aboratory markers assocﬁgted with 5 inmune

lev&?‘%"é{xr@r pbPsp sl Siwie proloin Beott: Ietrionfeqias iy to

eeb},lt@thi&lﬁ cell cytotoxicity, but also an increase
ce?’ el evat ed nunber of CD20+ B-cells, and

|ncrease in the B-cel | subset coexpressi ng CD20 and

On%uﬁ?'éh@%ﬁ&e@raﬂgg%rmg INRSSndabsratiyemafkers r&somated with
ext ent “support 0%“ rep ortllrég expansi on of

immgneyvinetiotns+CEp 6?6%0&5 map ey edal. al 9%y i Ghp EMcroblol
28'5%&)'{5&139? E‘f\reeli\ﬁg b@né}lgtgﬁ?l %LﬁFWF¥ faé bw NR &Eﬁcﬁéfdx‘?éifys but also

ct Ds 18
an ]lnebaeeéim)CD&HTeceihs slevatedcawpber of C@%O"p@twrﬁ angnigcrease

n G50 P4 iy SREEA S EhEEY B0 eSS TRIRe s £ T80 These
daw' twere ittmds@mtei regt@td'ssppmned i by tdnestady| ;emurtihgaekmnsion of
[ iated by the .
aciiatel,p 08 ot SBe.T B8 Eke bl A Tied deprease in NK
celR@chivify, 53) CFEopat@its (BaekelaEa evrali, madde Clar éyfebaDior8 Suppl
in CFS are not consistent, and a 20 study conpari ng
15?% a))cyte subsets in CFS patients to those of

patients with depression, multiple sclerosis and

heal t hy controls, found no difference in T-
A recend| $tusiybsemparingh&FSs Matignts é't"da|°°""2t§@5fepd¥wd|z>€'ﬁ°feased

exﬂr@gy??)ﬂl ofléé6§2<§1 T@Hs %\Wl@&él}’s aflef Aito@enk stifiBlation in vitro,

I mrunol ogy I n concl uded that the studi es perforned
mdmatlnlgeartbseléﬂefhnf ﬂ'@l eaﬂnoaqtuaymg)quﬂlulwlmwwﬁaed\%ed by

e SERB 08! 1A, o R Rhodp e 1755

Psychosom Res 55:79-90). Along with hypot heses of

Hovggs ?S@ {36 glgl{ﬁ%gg%%lg 59'%9?& o@@&%@&@ﬂy and a

een proposé
stuﬂ?cdwma?rﬁhd ympifodyite stibsetssin CESapatiEntBRo, thﬁéeﬁqf pétignts with

pot heses  .64: 539-42 not, sup ort

deniEBaint s Scierans an Dy, SaMeSE AoUAE Pocdigerence in T,

B-, SdrNKade NS EE1s $RBbeRsbmMAasti 4l @papfcm Bxpimangial, 141:326-
"mul tl'p| e sclerosis and

32). Similarly, a review of the immunology in CFS concluded that the studies

performed in the research field had varying quality, and that no consistent

pattern of immunological abnormalities could be identified (Lyall M, et al., 2003,

J Psychosom Res 55:79-90).

Along with hypotheses of immune deregulation in CFS, autoimmunity to
endogenous vasoactive neuropeptides has been proposed as a mechanism for
the disease (Staines DR., 2005, Med Hypotheses 64:539-42), however not
supported by scientific data. The author has also suggested a similar

mechanisms in the aetiology of fibromyalgia, multiple sclerosis and
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5 anyotrophic | ateral sclerosis, Parkinson's disease,
and sudden infant death syndronme hypot hesi zi ng t hat
aut oi nmuni ty agai nst vasoactive neuropeptides acting
as hornones, neurotransmtters, imunnodul ators and
neur ot rophes may explain the conplex clinical pictures
of these di seases. However, no 5 autoanti bodies to

t hese neuropeptides have be docunmented in CFS. One

study. jnvesti ga ed {he_presence of circul ti .
amyATPb o /e b SRS . CRATKNRAN A essen 2aes}fifipn jptant deatn

syrfftEnfeC Ry {)@t’h%suz‘mq Whé‘padﬁilﬁfhﬁﬂnﬁﬁbbﬁm@ﬂlv@saatm\imdﬂeempeptldes
Anot her “r eport anti nucl ear autoanti b?dl es |

actingn @ HeTMONES. M6UFGHEANBMES o EYRROIIIIATY, SROWERUrGioPhes
magt Qflg]lam qﬁgzcor%le'i ERichMBictatesl 29 hade &keatbd | Blowever, no

er investigating conmon autoanti bodi es and
auteantibodiee 4o these ueuropgpét@lesur@vgrhe@e%@c@mm@ iRi Gy
rates of antibodies to mcrotubul eassociated protein 2
and ssDNA in CFS (Vernon SD, Reeves WC. 2005, J
Ondustadgrinvestiyate@ tbg . prasencg | of @tmmaytarsmamadnume and anti-CNS

resence of._autoantibodies t ripi
a"@?ﬂif??ﬁef’b %’F e RIS | % § scfg‘ééot?s’of Shgat% eleced pathogenic
ant{baiekaAsothet report o Gdinutietar AutbantiedidirPC5S3¢gncluded that

e AR5 e S4EeSePlp ISR B, B SN o ase

8), (WhileMakietie? Mvestibalihg , cdifhbn Attbantibcliédeand 4dntibodies to
295-305) . 20 However

e di rect.evjdence w
newoRs pReEfie %r&tggr\soﬁh?wgg {J@é‘sﬁc@ Mfﬁt?é’éﬂ'ﬁ 16 mitrblibute-
assHEife mﬁm&h% ay sfsﬁN/I |hYGPBONérﬁoﬁEQDatF&§bves WC 2005, J

aut ol i ndi rect evidence has recregt ed t %
AutgirsmyinseRise2 ). érﬁl@@iprﬁéudmbewewh?rﬁfﬂﬁ?%ﬁp ﬁuwam' odies to

muggé}égg%o"i‘iﬂgl'%ggggﬁéfbr(lﬁlg §$|b¥&) oﬁ“éﬁ@npéﬂﬁr%r(tﬂaﬁﬁﬂé S, et al.,

not I ned as an aut oi mmune
2008,sdutsd, MoldMed 12251300t @nsl Highera lexsds r o @uteantihpdies to

ns SRS IDSE RTGEAb TR S5 4 phbgideto convos v

Mikdezznacet abj t997 tArhtitie RheufroA0CR8%306).f at | gue
syndrone in adults. (Protocol) Cochrane Database of
Systematic Reviews, Issue 4. Art. No.: CD006813.) 30
Hoﬁre(/élattﬁéﬁ‘@is Bbl, dlﬁefjctaéwdeli’tié)ﬁathd:onsaﬂeag datanforl theupresence of
neur oendocri ne e
patbeswlclxléumggbeﬂaﬂﬁ 0%39f g?mgﬁ%%e ediatsi Dtommunity. No
mdﬁé&@f&m&c@l flayr Padteated ith8 GF@mﬁéeai)eSimrmtla)ﬂmal model by
huri A et al., 2000, Wed got heses 54:59-6 e)
lmrnunt;atj@n witheariogneaaRalpgous to (putaivg)ghumap Aiteantigens.
Di sord 90: 141-7), toxin exposure or prior vaccinations
(Appel S, et al., 2007, Autoimunity 40:48-53). O hers
CFRds atfp@esmtmqsrqie&wedmamutmayp@m disegsexapd asrecant ﬁf°t°°°'
| | [
for gL e oot BFHARAAG4I0B! rRtrenyinoRS shitB the aetiology
as Nbﬁano(Rmm &M, 761916 Q0 7A RfmrmasstogdicHl é(ﬁatm@nts for chronic

ai nt of. th bi | d
BRI o SRR 80" KHAGE Sogiabagetel Systemate
Reﬁéﬂd@om:eaﬁs AMPNb1:aCD00681he pat hophysi ol ogy of CFS
(Puri 13K. 2007, J din Pathol 60:122-4). Hence,
recent reviews on CFS in renown journals state that
OtHete Hpsarsesatfopr @$Snt5pahﬁﬁgéﬁesi§ K aps\nbads platedetptdysfunction

T. 2006, Janma 296: 291
(Kennedy G, et al., 2006, Blood Coggul Fibrinolysis 17:89-92), neurological
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15 2007, J din Pathol 60:466-71; Prins JB, et al.,
2006, Lancet 367:346-55). Thus, no consistent picture
has energed for the aetiology and pat hogenesis of CFS.
CURRENT TREATMENT OF CFS 20 Due to the |ack of

know edge of the exact pathogenesis, and with no known
causal nmechanism there is %0 current standard
specific treatnent for CFS. "A systematic review

concl d that oul.d be oci at ed, W a .
(NaigfgpLan st oL 2008, SR DinghL SR IRpasiof? se )y peurargdocrine
(Vdﬁiﬁfé!rﬂt Eédét@haétit it t@DDT\)}gNeQ?f&'tyﬁﬁldbw;%%beeha\ZLméM ahetabdlic or

cognitive reat men ue e al _, s nn .
aUtRégﬂ%t di@M"Pﬁ(]@Md?ésﬁﬂéﬁﬂehl‘é\lsi‘?‘ﬁ“?t"’r‘he((?}fﬁé-lﬁﬁw' A, et al,
20@@Me§aﬂkgg§om;es@§4i§9-eegbahé WetibRncpanrRs I ef A, 2006,J Affect

rema ew studi es performed, eval uating therap$/
Disosd &9: 14 bif) atoimesgeewie Ay pochygcsinationadApRe! Sajedrdlt 2007,

Aut‘?:‘timﬁ's\ﬂn‘#@nﬁﬁztt%g ?Ség\eg‘g A4V REc et BAY 98T S8HYrAidl FBsponse to
pe y t wo

rrhaps-precipitate an exogenous stinul us, ) .
exestisdi withhiatracelislas sSemuns: deregulation eafo@s pg3sihiggmashanism in

or . S case r [t aalqt ' .
or o baaBerpl, 09,3 951,200, Ml ygAnRRes W7o0.69). Ao
postrinfeictide vinipaifnelety of itme rabilindies symthvesisgl niduand, ni tang-chain

i npr qQve t ,0f clinical_synptons resqluti .
p°'¥g€§ﬁ%f’f?ggay§?é§ula§f sonh??(e:?lée& %'f%%fgsﬁgo%s, mbrfgn'}tec'{‘ the
patRophpéoRbYf GF'S (PariBKIRMD%-JClim®athol 60:122-4).

pl acebo-control |l ed, random zed study of 71 adol escents

5 wth CFS, three infusions of gammagl obulin were

Heﬁ%é/,erédém rlavigv{s aﬁchst m;jtéhéwmqbitmmi ététﬁfma]?ﬁraétdibéase at
e amagl opul 1 n-treat e grou S| X- DN . o u
prespohnay @ndgrknawymeaese (Hampitemd - 2008, Hema §§§-2§ﬂ5, Hoober M.

204"y héﬂirﬂ)fP th61 60l 486-7901PYdN9BD! ACE00 2006 URaABE: 1387:346-55).
gdnmagl obul i n-treated group reported inprovenent (Rowe

Thun 9w cansisteph piaturechas emerged foy the gefiglogy @ndopatbpggpesis of
CF{s‘eported in abstract form (Lanprecht 2001, Meeting of
he Anerican association of chronic fatigue syndrone
(AACFS). Seattle) six patients with CFS were given
kee. human tunor necrosis factor
CU?&E@‘S‘E%@@N%’& 8Esprot ein, which is a soluble
Dué aspki kaick cof TRfowléBge eafehicoexactt pathogenesibj bnd witle no known
TNFE- di ated, cel l.ul ar response), and a clini
cauSih oI GHAATT HSIPUS IO HGREL SIadary REPSHSpaent for CFS. A
systérhati€Jireview’ atalilgdéd Othdat VeFSUsgtibul® beeadssbZiated with a
patients with | ong-standin fatlé;ue and el evaﬁﬁeﬁgr e e
ghabilitation,

"bigpgychesgcial model't Witk QMRMFRIBANY PAGIESSIYR MYSH

combineaswith 'BEhiaRio#aF aRb Nodiitivd MRaAEREMagliet BE al, 2006, Ann
S tons owever wWth uncertainty as to whether the

ynp ,
Readaptdvied hys 48:38&ddd 41Brdllgh antiviral effect or
t hrough i mmunonodul ati on ( Kogel nik AM . 2006., J din
Virol 37 Suppl 1:533-8). Treatnent with azithronycin,
Theunknowhi axtialogy ofi GfriSnis erobabiytthegepsopdot ths remgatkably few

Lhprovenent, in 59 9% ' . (\/en .
studSR T/ BBtk V3 atitindhelihy st bFR wCbiRted HYBUER i<

of current research priorities in CFS (Kerr et al

%907, J.di r¥ . . .
As the majority of evidence suggests an immune system deregulation, perhaps
precipitated by an exogenous stimulus, two studies have assessed use of
intravenous gammaglobulin for CFS. One was a case report in three patients
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Pat hol 60: 113-6), new studies are encouraged to focus
on the understandi ng of the nol ecul ar pat hogenesis of
the di sease, to test useful biomarkers, and to 30 aid
in the devel opnent of specific treatnment. Various

nol ecul ar techni ques are avail abl e and have been used
for this purpose, including7global gene expression
analyses using mcroarrays. © 8 Rl TUXI MAB AS an EXAMPLE

of B-CELL DEPLETI NG ANTI BODI ES é(J\b BFQFE L L /-\hID5 d
W“'ALﬁPEﬁI\/MQlWFﬂg AR (BGURLPRTVAKI YR r SRURR Wit ays
mtrﬁVEHSué’nﬁ'lmaﬁé%;l'%BGHn digiact pthbragament bf adlinfgdlt Spmptdms and

he extracel ortion of the transne

respiitiopuelecytolsipe dysscauilion dferrsetalom Uit | CTR Rt Rk 36:2100-
6).'1A aY"‘&'oﬁBlézt Gﬁr\e L@QE@S‘&-C@H&W@J‘ Hdn'b@rrﬂﬂe& lstlbdy BRI adolescents

nmouse an part is human. CD20 protein is
witle X 8stheele dnfusiansnphgagmaglobuin n@tre @ivesnt eRedBeNth gpart, with

Bl BB S PR i b 5656 mont

followplip evithedvenagéOduratjohat8 orondhs t inathenfirsdreixenenthgiafrthe trial,

botfy 466 < ETHERE: 1RGPS AkiBan S nEdobihytiled "Gigup. reported
impresemenD (Hoke 188)7, JUEyehiztnRiesd 101 3R4T7)xi mab to 13020,
an i munol ogi cal cell killing is nmediated through the

bi ndi ng of conplenent to the Fc part with activation
In af ?ﬁ&esﬁﬂ WPtPBtdd G sbatiact dﬁdnaﬂL&m;irbbbugboapNe@tmgam the

body- dependent 15 cel | ul ar tot oXi Ci
Am@@cgnnpgsgflagqan 200 7chrepic ﬁﬁlﬁ}ﬁ?m Mrg@% (M)C%eattle) six
patiBHt nﬁ%h? G#@%véi@tg%lwﬁ %’tﬁﬁéﬂcéﬁt QEnbREd ifd. OMarhaR tlhﬂﬁﬂﬁecrosns

rane after uxi mab bi ndi ng, which allows t

factasntasiepten pZAt Faoiwsiaro ppetein. swhish iha éelqb'%me%mt\'& TNF-
recgﬁoﬁr%cr’%a r@e}d B3P RS TR - qgé&fallf?d %QIIJI'&? re§péngd) and a clinical

eat nent of | ynphomas has "ener ged
benef'pivmhsyrepmtedwochenot herapy using Rituximb in
conmbi nation wi th chenot herapy, or Rituxinmb
nonot herapy in indol ent |ynphonas, are now current
Amhgnmas thérapeatic retrategies] Nalgancinloviedvayeused to treat 12

t.h
patiehts it (ngrasARe Ml BRSPS afifoPBRERES 1 Ensteip-Bar
V|r0352 gﬁ'zrglgﬁe% h(eﬁ@%é fviras-6tared n&@bad{\inﬁi(ﬂgfwememmfhthﬁ s;;mptoms
and . in yo ent s reun e .
nowgveronh unkaaaites b wiaihel B SRGRs e meRiRE thibln ant-
wrélcém or IRt inaRGABBulatioh! (| Kogathik ANRhR008., UNBlE Wrol 37

et al 2005, Blood 105:;1417-23). In sel ected atl

tgtgats igg with

Supplt h £ 8BBi&uI af reafmeAbrawithi + @ithEgMYGng| &P SOa
mrﬂﬁ?%ﬁﬂ@%‘hﬂgéér%ﬂe e, @J\ieefmbr%@léﬁ{érﬁﬂntdgeww QY\CFI patients

sitons e nonth Tor two years, show ng

(Vermeutane & Schnite 20%@1'(&118'(\4%4@&)5 et al 2006, Bl ood
108:3295-301). 9 In recent years, Rituximb was
proved to be an effective treatnment al so i n autoi nmune

In alireemstasyviemhef eutreat Besadrth gejolridiesdn GRS dKeanet al 2007, J Clin

Pa& ?88 1a|t3egl) Vxews&ldles are encouraged to focus on the understanding of
the molecular pathogenesis of the disease, to test useful biomarkers, and to
aid in the development of specific treatment. Various molecular techniques are
available and have been used for this purpose, including global gene

expression analyses using microarrays.
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clinical inprovenent, e.g. in rheumatoid arthritis
(Dass et al 2006, Expert Opin 5 Pharnacot her
7:2559-70). The list of different autoi mune di seases
in which Rituximab has a therapeutic role is grow ng
(Sanz et al 2007, Front Biosci 12:2546-67). For future
B-cell targeting and depl etion, the devel opnent of

anti bodies to specific B-cell subsets will be

i nportant (Dorner & Lipsky 2007, Expert Opin Biol Ther
7:1287-99). 10 The rituxi mab antibody is a genetically

IMAB' RS &A! Exhwmyrwd-bmn DEPLETING! ARTIBODIES IN B-
ectedQﬁm nst the CD20 antigen. Rituximab is the

CEhlb,th.wwi A AND' eugglmmuugﬁat ent No. 5,736, 137.
Rit%'ﬁ?ﬁ’o‘w%tﬁﬁ‘a rﬁi'ﬁ?& ac%?é ﬁt pr?or{cfc‘i‘ng{eﬂg{ﬂt?%fdyﬂﬁé&% Sagainst

apsed” dr OW-gra i cul ar
an ]eﬁ)ltﬁbé(]nmhel extvacelBlareportioonof-thiy kiansmembrgnermolacyle CD20.

o BRI s R RS S BB 46 i
(de))rﬁd?msdeueeldnd thSctdarblsghumanprrbeHDDQG@etadmm expressed

on BrGishooylas bt Bk ph e cals Brarb e falite Hiag g qeiéygo20 is

als@%%%césge@roﬁmé bﬁﬁb’nﬂmﬂvdﬁrﬂ-céwwmbt&wmast oD is um:pllcated in
More recently

XAN( r
reowIaRDTLAE Manemeraane el @pmepadusiante ding Geif EYOR: Ripglsssion,

but V\t,ﬁ@%r@@fs@tfhﬁ&uaﬁ Y Rkrswh (Sardydecs ZUUHOlBitsd:h?erﬁlScf&Si/Mp 165-
I'e other anti-CD19 and CD20 anti bodi es do

75X Mdpoenebindinga|of BREysIMER 10) CH2 eng@mnosgwa? o5l k'"'"g is
ol A3 SBGfL AN 3 SRR o bttt of
theRicOpieinent sascadey @Cbl ralep tﬁsomgssu %ﬁt’é(ﬁtloh uﬁﬁi‘b@&téﬁpendent

I t |
ool GIAIBRAERY (HGET (pfenh e A A7 WioinAahor £1;3823:3D)
(Dem dem et al Cancer
The molecule does not internalize or shed from the plasma membrane after
Rituximab binding, which allows the monoclonal antibody to persist on the cell

surface to extend the immunological attack.

The role of Rituximab in treatment of B-cell lymphomas has emerged rapidly.
Immunochemotherapy using Rituximab in combination with chemotherapy, or
Rituximab monotherapy in indolent lymphomas, are now current standards of
treatment, and has improved overall survival in the most common type of
aggressive B-cell lymphomas (Diffuse large B-cell lymphoma), both in elderly
(Coiffier et al 2002, N Engl J Med 346:235-42) and in younger patients
(Pfreundschuh et al 2006, Lancet Oncol 7:379-91), and also in the most
common indolent lymphoma (follicular lymphoma) (Marcus et al 2005, Blood
105:1417-23). In selected patients with follicular lymphoma, Rituximab is also
used as maintenance treatment after induction therapy, with infusions every
third month for two years, showing improved overall survival (van Oers et al
2006, Blood 108:3295-301).
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Chenot herapy & Radi opharmaceuticals 12(3):177-186
(1997)). In vivo preclinical studies have shown that

RI TUXAN(r) depletes B cells fromthe peripheral bl ood,
| ynph nodes, and bone nmarrow of cynonol gus nonkeys, 30
presumably through conpl enent and cell- nedi ated
processes (Reff et al. Bloo% 83(2):435-445 (1994)).

Pat ents and patent publicatitons concerni ng CD20

anti bodi es include US Patent Nos. 5,776, 456,

5,736,137, 5,843,439, 10 6,399,061, and 6,682,734, as

In Y&ddntagedsS, FafukithaBpRas pieved Yo BOQH @HREBBS Aleathint also in
2003/ 0021781A1, US 2003/0082172 Al, US 2003/ 0095963 .
autsimmugeodisepses7whsreythe Brell sdpplgtion iy .often pspeciptag, with a

cHgFyRdahon s SORPHRBINRENi 1985 1. 2og, Eoer O

PhamamtbeL/ap%EzGQaﬁa).LBaméistjp,f dWR)‘_GMWSS"WBF% diggasgsdp which
Rt ¢ Wl 85 00 v pttng ‘Gt 80 BL A s

12:252667)0F80ftwe  Bisel dargetd@ apdl depletion34he 4de¢velopment of
nd,.Hari har.an).: »US .appi . 6 .
an s 6 30 SR 1 RGO 8P sk 2007
Expér? @nn Gid2atr AN28RON001/ 74388 (Hanna, N.); US appin
no. US 2002/0058029 Al (Hanna, N.); US appin no. US

2003/ 0103971 Al (Hari haran
The rituximab antibody is a genetically engineered chimeric murine/human

monoclonal antibody directed against the CD20 antigen. Rituximab is the
antibody called "C2B8" in US Patent No. 5,736,137. RITUXAN® is indicated for
the treatment of patients with relapsed or refractory low-grade or follicular,
CD20-positive, B cell non-Hodgkin's lymphoma. In vitro mechanism of action
studies have demonstrated that RITUXAN® binds human complement and
lyses lymphoid B cell lines through complement-dependent cytotoxicity (CDC)
(Reff et al. Blood 83(2):435- 445 (1994)). Additionally, it has significant activity
in assays for antibody-dependent cellular cytotoxicity (ADCC). More recently,
RITUXAN® has been shown to have antiproliferative effects in tritiated
thymidine incorporation assays and to induce apoptosis directly, while other
anti-CD19 and CD20 antibodies do not (Maloney et al Blood 88(10):637a
(1996)). Synergy between RITUXAN® and chemotherapies and toxins has also
been observed experimentally. In particular, RITUXAN® sensitizes drug-
resistant human B cell lymphoma cell lines to the cytotoxic effects of
doxorubicin, CDDP, VP- 16, diphtheria toxin and ricin (Demidem et al Cancer
Chemotherapy & Radiopharmaceuticals 12(3):177-186 (1997)). In vivo
preclinical studies have shown that RITUXAN® depletes B cells from the
peripheral blood, lymph nodes, and bone marrow of cynomoigus monkeys,
presumably through complement and cell- mediated processes (Reff et al.
Blood 83(2):435-445 (1994)). Patents and patent publications concerning CD20
antibodies include US Patent Nos. 5,776,456, 5,736,137, 5,843,439,
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and Hanna); US appin no. US2002/0009444Al1, and
wW01180884 (Gillo- Lopez, A); WO01/97858 (Wite, O);
US appi n no. US200210128488A1 and W02/ 34790 (Reff,
M) ; W02/ 060955 (Brasl awsky et a/.);W2/ 096948 15
(Brasl awsky et al.); W02/ 079255 (Reff and Davies); US
Patent No. 6,171,5868I, and 98/ 56418 (Lamet al);
W98158964 (Raju, S.); "W099192764 (Raju, S.);

1099/ 51642, " US_Patent No. 6, 194, 55 us p
6, 399001, 1] | BEPBEEANT o, WB 5245 ooiEl PARRM USRI oS- US

20{@/01675?)5‘.4\424 w$duaegsm0@t17eh)\1 Vogs/ 42@?)3/(!()782!9@ Al, US
curd et al.): 20 WO01/0373

20909508 ol U 037@%7@%%%&@2% Ysobssatent No

64%@%%%]&6@%({% ? (@}ﬁlﬂ?éﬁl)muﬁg@@gvszvm (Grillo-Lopez

andommaa?lmaolmaést 4GrillosLopeg PanéntLegnard); WO00/44788

o B OB i O fer

BNVEA0, 86060 5, GVHitd 80and, 7C1100RpeR); 12@187%(101/001804%1

B T g
us%g%iblcggaau angb\éfoazm4 (Ba%ﬂn@rm@ﬂadimnﬁ US appin no.

s SBB ke LS el 8 Sl B8, gpoin no. U
2oUﬂ@@Sé’é§é%(@ﬁdmm we\pbnnaanns Y0008/07@397 1(Ab(Hgriharan

et a/.); W01/ 72333 (W.‘)I in and Rose Iatt
andHaanaUSseepIR et LUSZ93A00AHARIS pad LG {/BbBBE (Gritlo-
Lopez30R);3M0 08147858 BRmite N T); Ldi@%lﬁ%%éa@oz/mzmssm and
WO002/34790 (Reff, M.);W002/060955 (Braslawsky et a/.);W02/096948
(Braslawsky et al.);W002/079255 (Reff and Davies); US Patent No.
6,171,586BI, and WO98/56418 (Lam et al); WO098/58964 (Raju, S.);
WO099/22764 (Raju, S.);W099/51642, US Patent No. 6,194,551BI, US Patent
No. 6,242,195BI, US Patent No. 6,528,624Bl and US Patent No. 6,538,124
(Idusogie et al); WO00/42072 (Presta, L.); WOO00/67796 (Curd et al);
WO001/03734 (Grillo-Lopez et al.); US appln no. US 2002/0004587A1 and
WO01/77342 (Miller and Presta); US appin no. US2002/0187256 (Grewal, L);
US Appin no. US 2003/0157108 Al (Presta, L.); US Patent Nos. 6,565,8278BI,
6,090,365BI, 6,287,537BI, 6,015,542, 5,843,398, and 5,595,721, (Kaminski et
al); US Patent Nos. 5,500,362, 5,677,180, 5,721,108, 6,120,767, 6,652,852BI
(Robinson et al); US Pat No. 6,410,391BI (Raubitschek et al); US Patent No.
6,224,866B| and WO000/20864 (Barbera-Guillem, E.); WO01/13945 (Barbera-
Guillem, E.); WO00/67795 (Goldenberg); US Appl No. US 2003/0133930 Al
and WOQO00/74718 (Goldenberg and Hansen); WOO00/76542 (Golay et
al.);W001/72333 (Wolin and Rosenblatt); US Patent No. 6,368,596BI (Ghetie
et al); US Patent No. 6,306,393 and US Appin no. US2002/0041847 Al,
(Goldenberg, D.); US Appin no. US2003/0026801A1 (Weiner and Hartmann);
WO002/102312 (Engleman, E.); US Patent Application No. 2003/0068664
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(ol denberg, D.); US Appin no. US2003/0026801A1

(Wei ner and Hartrmann); WO02/102312 (Engleman, E.); US
Pat ent Application No. 2003/0068664 11 (Al bitar et
al); W0O03/002607 (Leung, S.); WO 03/049694,

US2002/ 0009427A1, and US 2003/0185796 Al (Wlin et al)
; W03/ 061694 (Sing and Sieggl!): US 2003/0219818 Al
(Bohen et al); US 2003/0219433 Al and WO 031068821

Hansen et a/.): US2003/ 0219818A1 Boh X
(AlbromebAbTMIARI2E0T Srewg, ©0: WO OS(He0A MSAIN/0008427A1,
angtu zposmis g)&hwﬁnh%teai F%@bslommmpgﬁg %ﬁ'lthfe?aﬂ) us

erence al'so Pat ent
20&3702;398118 nAl (Baber oat @Beédse209$/P219J$3$°a‘Neﬁf‘dl\W0 03/068821

(H 4“%8‘1 g}/ﬂr&gygﬁﬁYWWXgég%d? 4 S>US§'§6’2/0136719A1

(SHHBY/ QR LAR3BVOR00403268A8 (Wah) et 1@1),SAEE*TYOfPR@¢fLES cgxpressly

mcgfpcgateggﬁe%;hmg%g%yenpreageﬁ l?Esfo %é Qﬁgngégﬁaﬁgg%d EP

apSPR6.] 8804 9fr (Seatl eatahds® Ratehnt D 4)661 (539 end £P332,865A2

oAl TR B i p o

209'%Qﬂ943®¢\|f(Héﬁ§en etapi on is the nost common
side-effect, caused by cytokine release primarily in

patients with a hi gh initial tunmor burden

s%ﬁ%ﬁbﬁ%mm?%&umm Res 30 Suppl 1:S16-21).

IC reactions may be seen during the infusion
The u;afeta rrbfileppfoRiguximadt iorseaimenteof [§-calk ivrapnomps d¢ well known,

anég} c?(p:&i @é}% €' @% frol béta@' 8 GkiRe 3t7t)e(§ ahénfshﬂ(avanaugh

S on UAorar i muni t ext ended
2006 e.hﬂlmMnatahSuppl Part8-23). dn lyinphomai tm@tmmemlld-to moderate

f f
re%frgg‘ﬁts '{"é’fq étlje %Ha{]@}fﬁ%ﬁﬂn%eﬁgg&%ﬁi [Hnor pe?ﬁ ”é.Be 6e‘?féecrt WRaused by
cytokinex rat@dsé printarilp Snepatignts hwitll avaigh) |n|tuai¢tum®'ebUrden (Solal-
Ceﬂ&r@ylé%gné_lgﬂh;%r $ noﬁrj,eg&@_riﬁ%n}g@%ngpca%ae&fo%s eVg/’e?e seen
dufihg tHBTIHIGSIbADYLE 16 tivn grdlemehatude pf the Rituximatomodeaiiet o
have a major inpact on the clinical risk of

i nfections. One potential serious side-effect fromuse

Cogﬁem Witk QWIB Ll directtay ﬂ{é?aF?ﬂé thé driichyaRéd téffdcts wnghumoral
sease. This is a potentia f e-t hr.eat eni

immony; Ghlithosxtanieds draaimentar and 1, RATIGAE WG naintenance
treé@%’ﬁtt nggﬂgﬁgﬁgleﬁa?}f g'th Ronesivoeyedts (8REr indbidtidn therapy

with perhaps 6-8 thux1mab infusions every third week), the B-cell depletion is
more pronounced and most patients will have hypogammaglobulinemia.
However, the low levels of immunoglobulins and B-cell depletion do not seem

to have a major impact on the clinical risk of infections.

One potential serious side-effect from use of Rituximab is the development of
interstitial lung disease. This is a potentially life-threatening complication, but
very rare with only 16 cases reported in the literature (Wagner et al 2007, AmJ
Hematol 82:916-9).
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Safety issues related to Rituximab-treatnent in
chroni ¢ aut oi nmune di seases are exploited in clinical
studi es (Edwards et al 2006, Best Pract Res din
Rheurmat ol 20: 915-28), and with less tinme for follow up
so far. The long-termsafety therefore remains to be
clarified, especially when Rituximab is to be 5 given
once or tw ce yearly for man years For patlents with
aut gi mune dj seases, Rituxi {1 ons are .often
Safaty oReqen Calalsn b ihksinab isament i ahidtis Sueipite digpases
ar@%x@?&?ﬁiﬂt &l c"l"ifﬂ&'i sQué%s”(EU\hﬁrdsl e alcm dBegblPyatteRes Clin

han in homa patients (in the shor

Rhgomatdla?ﬂéﬁe?&) ga@ﬁlewah. lgss dimeyfer fatowrup 50 %oglh@slong-tefm
saf’ékﬂ{ fhiRfGEPk Snng ﬁ?'blesclaﬂflﬁae%srﬁci‘éhly Ny Rifuxdhabaikdio be
presuna e used I nical practice
gwnnt bnqe tdre twmt ygasdy Sor Foanyxyaasse For h@atﬁnts ywith autoimmune
| O
aisgAgRs, &Y ifkeiohe e SR St WRETR By wecks qpar, and
thuBseqUénd:ey rrpi}obm repeatpd aftdfl8-N2 monthsi zedcmnder@blyztﬁss doses
antlbod t he t genera 15 are presuned to
th%‘é‘dy‘c“ ”&Bﬂt'?fﬁﬁz MY rg{eg'g}) depl etion, and
shoul d therefore be even nore effective in the
treatnent of B-cell t hgr
Tofay ja NEXb SGREEALAMOF %@ymﬁ&@w LT qopléte"Bleets is
usé&d ﬁr?‘éhﬁlcbhﬁfﬁaléﬁ%ﬁ@rwm%ieﬁoﬁ'na&j pEiuzel.in Zﬂe\&!hidaUSractlce within
regi mens for the treatnent of chronlc fatl@g_# cé%%% m:ib d
then anexth¥earss u e seXamplieyr the FHly e huManized iy aptibody
or&@%rﬁébt B?GGE?BtSrﬁﬁﬁ%é Ss pbﬂé@eﬂﬁ? frorclibleal ttrri@vé fent B-cell

atirent suftering fromchronic fatigue syndrone

|ynszahcuna eglapae cbuiy hgwnizmdeantaﬁ%m @tmﬁv Afdhe Rexbgepgration
r h y

ar e 00 e8n B WhEH. o B TR 0hBlaR oy s

thareferal bé @veanmefé affe@eetinemarﬁﬁﬁtmentﬁée' -ggll d¢ymphomas than

descrl n. of
RGO Tl 1 R RlrfRd that A Wo8 iehiV Tedy SREBffects than
desdridgwefdrRituxirab. of chronic fati gue syndrome. In
particul ar, the inventors have found that B-cel
depl eting agents, like anti-CD20 anti bodies, are

aHéﬁé Wegirehd Gor lﬁettﬁ?ﬁhﬁmﬂtofOf:htﬂmorfatig(ﬁeltsygdmme have been

yndrone. Preferab] 20 anti b
suagemies Ear myommis obuys 0aADRsa7ER copteiey Hemimant srpme is
proVidd o8l e tr@éfrﬁéﬁtubiabaﬂér@tf Sliff@thg Frantl cRESHIE fatifle syndrome.
anti bodi es are humani zed anti bodi es when adni ni st er ed

Saidregiomaormprises irter plia she adgigistrayiap S FMRAEPIAN-t he
present invention that the anti bodies may be present
as anti body fragnents which may e.g. pr oduced
In viesoobithannkpown agtiniegy Oé%szfdi |tlmje !pna &Oﬂmv%.demand for

cofBfys sbRflForaT Blreb e Beatieb CalERS, 10 O ryal oi

encephal onyelitis conprising the step of adm nistering
utl C ef fective amount of a B-cell
B"(?é eglc ﬁkhé/graserbt '§V83?|°"dep| eting anti-CD20
anti body or a CD20-binding to a subject afflicted with

sai d di sease or di sorder. g Brief descri Rtl on q Lp
Thgmmsggt thgqntg)nl aims in providing néw compounds applicable” in the

treatment of chronic fatigue syndrome. In particular, the inventors have found
that B-cell depleting agents, like anti-CD20 antibodies, are useful in the



10

15

20

25

30

Figure 1 shows graphically the devel opnent of CFS
synptons for three patients over a one year period
outlining the different interventions, nanely 20

Ri tuxi mab(r) or Methotrexat (M. The synptom score of
CFS synptons which is in a range of 0 to 10 wherein O
means no synptons while 10 refers to very severe
synptons of CFS. Detail ed dégcription of the invention

25 The fpresent i.nvention concerns to B-cell depleting
tregtjaentofshrapic fBtigue SYREMA™B®i ng bi ol ogi cal entiti es,

Pr fek@ol?ntthecggﬁ G20 bagtisdies &PODR0Mindieg aahtnbmby fragments

nments thereof or chemical entities, Ilke

therep careenoReqlaala aptiberiesdeBREIGURY RIeferiad, Fgﬁ tAgnoclonal
anﬁﬁ@@\&ﬁ‘ﬁ?owgpgﬁi&@ﬂ'é?\tfb%ﬁiél“@hé%%rﬁmt% 8 AuRfan subjects. It

is aiﬁrermmemyatedlls theE)pregent i Mt@?nmﬁ%mlﬁﬂt'bﬁ'%swy be
pre&% | e#’i %étr@%q n‘igl\I\llhI&?% he a%| P ty éﬁ‘d r%comblnantly by

refers to
geretic engineetihgr a chem cal or biological entity, e.g.
an anti body, 5 to reduce circulating B-cell levels in
a subject. B-cell depletion may be achi eved e.g. by

In bﬂ’@iﬂﬁéﬂ@spebi tﬁeqirbs@mt medutimnngelalteﬂ td erathods fofTthe treatment
ut 35- kDa

t
of RBFANP JaURA Sy A pF ATae el % S4mPUaing ihg step of
adﬁlflnlgfe?ﬁhbeé ﬂ'n‘éﬁépédiﬁ%aﬂ &f@(ﬁldlfsaﬁfmld? acBicpliedepleting agent,
| ood or Ol or ns I n unmans
e. gao@ hBﬁ‘Gl“nrﬁPP Biipg| PRADIRIANDENnf &Cﬁ%@tﬁ% T0ba Sublect

afflnéteﬂ%utlfé@iﬁe&§§é’sé’ar diseryéel I's. Qher names for CD20
In the |terature i ncl ude "B-1ynphocyte- restricted

antigen" and "Bp35". The CD20 antigen is described in

Acad. Sd. (USA) 82:1766
o oF G ulifdg 1270 51, (Uon

term CD20 includes the 15
equi val ent nol ecul es of other species than human.
.Recgntly, | ow | evel expression of CD20 on a subset of
I'ls and NK-cells has been reported. A "B-cell" is

leréyﬂrpklws egrtdpmcamyt theesdemeﬂctpmenhe)fbﬁﬁé reymptemsafer three
pa@-’éntﬁ ?fﬁsragncgr?%\éq%ag)penod omﬁmma tﬁecc? #f renqrm?értlgﬁﬁc%s E%’|amely

Rituximab® or Methotrexat (M). The symptom score of CFS symptoms which is
in a range of 0 to 10 wherein 0 means no symptoms while 10 refers to very

severe symptoms of CFS.
Detailed description of the invention

The present invention concerns to B-cell depleting agents either B-cell
depleting biological entities, like anti-CD20 antibodies or CD20-binding
antibody fragments thereof or chemical entities, like small molecules having a
B-cell depleting activity for the treatment of chronic fatigue syndrome/myalgic

encephalomyelitis.

In the context of the present invention, the terms "chronic fatigue syndrome
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20 In a broader sense, the present invention rel ates
not only to the use of antibodies or fragnments thereof
for the treatnent of CFS but to the use of antagonists
of the CO20 nol ecul e in general having a B-cel
depleting activity for the treatnent of CES. 25 An
"antagoni st" or "B-cell depleting agent"” which is used
herein interchangeably is alflol ecul e which, e. g. upon
binding to a B cell surface marker, |ike CD20 on B
(CRSY a8d "nwslgiopscephaleplyelitis (MEQEaresused syRem#mOUsikd/ or
interferes with one or nore B cell functions, e.g. by
reduci ng or preventing a 30 hunoral response elicited
As lusedrteerBin; ¢he terfim éBeneiilecgmiemn"mr ‘B-cell Heplebingtaatiyity” refers to

thedg'ﬁ'l"bt gf: &lo Cgpf @ (e‘ﬁhgpea grgeﬁﬁgzgl Iok C%ucﬁgéicgpegﬁtgzre: § 4R antibody,

to |r@d@b§)cw¢uiatmti1§inﬂﬁddelit leadi®dint iaerseib]dhdti EBaeHi dleiﬁlet;onomay be
5 achi eved ,vi a ario necha (o
achiaved g BepaHana o Lo athn BAERB T BLSFLP Ty (ADc)

and/ or conpl enent dependent cytotoxicity (CDC),
i nhibition of Bcellup?proliferatio and/ dﬂ:#nductioln of viated
The EDR0YcANNIe®. @1 vEDXpopEodns) 3okt Agdipat fion-giycdsylate

phb%%@féiﬁ“fbnhﬁ bR StheC80aRaté 6fh§ré§t§56!ﬁénl90%nbf ® cdells from

e anti bodi es, synt hetic or native sequence

peripinerialiddoes dors mPheid] etaans ihthueanst SDAY & REeseNY gn both
noH?Si B c‘egglasswelfi %%%Hﬁ##a%{t B e@ﬂé CKIﬁ' iEBho@ ‘é&bk&%b@doﬂ\'sfé?n cells.

A preferred antagonis
Othiesr aia@i.‘&) fant@B@lemrthsDﬂtﬁmtuﬁi Hglude i"Bo Wﬁho&gFﬁEnFeStf‘Cted

anf “”h%{,]ég"éﬁg r‘@i (FSH# r‘i‘rE éggé‘r'ii?é%ﬁbi‘arizf&fﬁf P98c. Nati.

agent t hot r exat
Achds Sdanusmat 8t ie6 (d9I85$. tdnaexamnmei | ‘s‘hextpnesﬁDBﬁemems the

el s SHE SR oo bl TG Boediion teve

ex@@%@tonb@ﬂ CD2eRgeabsacsi Tigells andDK-cellS hast epmienarted.
whi ch "induce apoptosis” are those which induce
programmed cell death, e.g. of a B cell, as determ ned

A @célﬁ'ﬁ@d@iﬁ\ﬁw@ﬂhﬁ rﬁéﬁﬂ¥§ Withie m@bohenﬂangwohnd includes a
annexin fra%onent ation of Shrtl kage,

nawei%peuiﬂnsm%w el effecter @Lﬂeu‘r(PFa@é"q' Ce¥¥gnent at i on,
and/ or formation of nenbrane vesicles (called
apoptoti c bodi esé. 20 The term "anti body" herein i
In wsdioader Isenbeod espre§en§enm'@péeiat%diqtyoebfvé? s,t e use of

anﬁiﬁﬁ’%o&ajﬂggmén qg@%ofpﬁl yt%of?gétn"i'é‘ﬁt' BPEMS but to the use of

peciTFPC an ecific antibodies)
anfagomisds fof dhe &tD2@ avolecule imgaceradiritaivmda&ceﬁrﬂ?pletmg activity

ti.bo a s so long as they exhibit the desired
forif tiathent BEEFR ¢y

An ‘"antagonist' or “B-cell depleting agent” which is used herein
interchangeably is a molecule which, e. g. upon binding to a B cell surface
marker, like CD20 on B cells, destroys or depletes B cells in a mammal and/or
interferes with one or more B cell functions, e.g. by reducing or preventing a
humoral response elicited by the B cell. The antagonist or B-cell depleting
agent according to the present invention is able to deplete B cells (i.e. reduce
circulating B cell levels) in a mammal treated therewith. Such depletion may be
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25 In a preferred enbodi nent, the antibody useful for
the treatnent of CFS is a B-cell depleting
CD20- bi ndi ng anti body fragment. "CD20-bi ndi ng anti body
fragnents” conprise a portion of an intact antibody 30
whi ch conprises the antigen binding region thereof.
Exanpl es of anti body fragne %s i ncl ude Fab, Fab',
F(ab')2, and Fv fragnents 3 abodi es; |inear

anti bodj es; singl e- t d I | es: .
e e oA e T oA BEHb R e moditen
cthf@&gEW fADED) tJlﬁi/BWB@ﬁﬁﬂerh@hﬁl depandéntnt egtbtoxicity (CDC),

IS one conprisin

eavy and | var
inhihitien ne zi—’s aRdl| P@ge%ﬁlopc af‘géﬂroﬂ’ uctign; tgé; “06‘&?@& {e.g. via
ap%s%@oﬂﬁ%%ﬁﬁgfsr %cﬁﬁ&mﬂtﬁng{ﬁ@%bﬁéebﬂihé’fpﬁébéﬁi mventlon

tons, conposed of two identical 1ight
mch]tha astlhudieswsymt(hehclQfanatlmwwﬂ)c% Raptides Eaehsm?tﬁﬁwecule

gmsft'f: g‘g\ %’gﬁﬁgd vﬁﬁfee Vs& n%é rkg Lﬁ‘iﬁ‘%’ll?%n{(ugated with

or Ya@sede %o aamcmptohe dlmvty A:paefesredf adta‘g’oel%ns a CD20 an%lbody or

coRAGHS Rt F9oRER. CERRAAGRL A g ot ar

pre¥éiréd@chke &aackhdswme,ccelhaeplelnag aagemmﬂaetbntteimt a variabl e
domain (V11) foll owed by a nunber of constant domains.
Each light chain has a variable domain at one end (V1)

Insggérjrraﬂmr?@ gjﬁ%ﬁeéllléjmﬁﬁtﬂ Bhéﬁllsi é)&)ré;sb ehe D0 ahtigennikeansubset of

[ e li chain is it h i .

T-asdhepaK-selie e CRUS 8 SiBrAFMEtath ity g Eyfefe depleting
éﬁk%é}ng @?érﬁ 9B iaigD20.i gned wi th the vari abI e

doma I'n e heavy chain. Particular am no acid
resi dues are 15 believed to forman interface between

Aniégforﬂié.t\gl;bﬁti\igﬁ rﬂjtﬁg e&gﬁ&lsc Bd Thyse W indeBI gtograiimed cell

_ o the fact that certain
deaiiy; te.gnef athdaél \a@rdaﬂﬂrmlrmﬂrbv@adﬁaﬂdeap%mpéﬁsa%ﬁaﬁ iSHCh as

uence nt j d_.gr edegjin
g gt D0y AR ARPRC ol BrEeLelsh R, cnation o
entﬁ@;ﬁlashﬂc praticultuh, alceﬂnfnagmentaiwmvandlarhéomflqml ¢f| membrane
ut ed t hroughout the variable

t
Ve%ﬁ'ﬁéi(@ﬁ%‘;}gﬁﬁf’%ﬁﬁ%ﬁ is concentrated in three

segnents cal |l ed
The term "antibody" herein is used in the broadest sense and specifically
covers monoclonal antibodies, polyclonal antibodies, multispecific antibodies
{e.g. bispecific antibodies) formed from at least two intact antibodies, and
antibody fragments so long as they exhibit the desired biological activity.

In a preferred embodiment, the antibody useful for the treatment of CFS is a B-

cell depleting CD20-binding antibody fragment.

"CD20-binding antibody fragments" comprise a portion of an intact antibody
which comprises the antigen binding region thereof. Examples of antibody
fragments include Fab, Fab', F(ab)2, and Fv fragments; diabodies; linear
antibodies; single-chain antibody molecules; and muitispecific antibodies
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hypervaii able regions both in the light chain and the
heavy chain vari abl e domains. The nore highly
conserved portions of variable domains are called 25
the framework regions (FRs). The variabl e domai ns of
nati ve heavy and |ight chains each conprise four FRs,

| argel y adopting a B-sheet qgnflguratlon connect ed by
three hypervariabl e regi ons, “whi ch forn1|oops

connectin d,.in sone f [t "
for@eghégqn g%tglg&t{]mfr@gm%qés S SaPl?r:gg][sg Iho g?lgn%nl r\ntggl:rhantibody
is &t@b&nahsudgerh@bd hght m-am@ﬂenm‘m agwell & ahlfc Fdgion.
wth the 30 hypervariable regions fromthe other

chaln contribute to the formation of the antigen-

"Nélt'#\iédéﬁ‘t%&dné? Sle @éﬁélmtﬁﬁotéﬁ'ﬁﬁ\éfﬁ:b@?c@éro?élns S ABOUEE50,000

Protei ns of | nmunol ogical | nteres 5th Ed. Public
dalteng, tapnmeessd ef tvmtlderrtmal fight (1) ghaingand twoidgntigal heavy (H)

chﬁﬁ&h gl 04\4? rﬁr??&)lﬁngeliﬂ% sonsd ”&h%ﬁgﬁv BRedbSdIdht disulfide

nvo I'nding an nt| to an
bomaht wgdm xh@uurrdodndmdxsuladedMages oariep :m@m them beavy ghains of

e A
regaﬂﬁﬁlﬂogplacéd agravhaintistifideobtidges Badohpae ehainthageat one end
o SERE g 08 RE% B 0oL et BERAR Fach v

ch&iRdids ¥ ¥hriablecdsinam at o:me enhghV/,1) mod-& corstant domam at its other
ssoci ation o fi gur

endh T cagsgnt domainet s it Shainge Ahgrap Wi e festopqpstant

doh%?r??ﬁ%e head@icham, ahdiHd BEht chuif diafigbks Bemain idaligned with
surface

the variable domain of the heavy chain. Particular amino acid residues are
believed to form an interface between the light chain and heavy chain variable

domains.

The term "variable" refers to the fact that certain portions of the variable
domains differ extensively in sequence among antibodies and are used in the
binding and specificity of each particular antibody for its particular antigen.
However, the variability is not evenly distributed throughout the variable
domains of antibodies. It is concentrated in three segments called
hypervaiiable regions both in the light chain and the heavy chain variable
domains. The more highly conserved portions of variable domains are called
the framework regions (FRs). The variable domains of native heavy and light
chains each comprise four FRs, largely adopting a B-sheet configuration,
connected by three hypervariable regions, which form loops connecting, and in
some cases forming part of, the B-sheet structure. The hypervariable regions in
each chain are held together in close proximity by the FRs and, with the
hypervariable regions from the other chain, contribute to the formation of the
antigen- binding site of antibodies (see Kabat et ah, Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Institutes of
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of the VH VL diner. Collectively, the six
hypervari abl e regi ons confer antigen- binding
specificity to the anti body. However, even a single
vari abl e domain (or half of an Fv conprising only

t hree hypervariabl e regions specific for an antigen)
has the ability to recogni ze_and bind antigen,

al though at a | ower 15 affiﬁ?ty than the entire

bi nding site. The Fab fragnment also contains th
HealtinsB sdantilh (asgﬂ))eTp‘negm:tnsézp,@lt‘I dorpamstae qqtrlgyolved directly

n 388 MR £ b b DA vt ey et sueh
as aoafrewpanem dofe sheat antihwdyairb Bt nymdﬁngndﬁntt gellar\gytotoxicity
(A@gg n CH domain including one or nore cysteines from
‘anti body hinge region. Fab'-SH is the designation
20 herein for Fab' in which the cysteine residue(s) of

5 RS Ao e P05, bl ancoen

recbbﬁiﬂn@ﬁeﬂn@%rﬂi@ehsbmﬂ|n§ab|tef W&Mnenvﬂur&isthaaﬁeatﬂlm of one
cystel nes between, t Ot her., em cal . caup

e (oDay ATbqiin S Ehairt YAt adain: 1h oHBRE B hecovalent

asé?fcua’ftlHn' hedd @ tﬁisnﬂéﬁﬁtﬂlrﬁb@h ltﬁ&i the Qme@hyrv@nvbﬁbbm eegions of
species can be assigned tgo 25 one, of two

cal vaiiahle Qopes, inaiplte He AHgTiaRI-1biGa U8 On e syrface
of % Vne\/@@uﬂ@r aﬁbl‘i’ecﬁﬁ‘l@ﬂﬁ"tﬁS55,l)@fhybalf?\}arnaﬁﬂanﬁég’iﬂlﬁs ¢oRmMantigen-

end Iqﬁ? e amno acid sequence of th const ant
bmdmassne ciyhte thqq@namodmd-iqwevqmewgm siagleswanigble domain (or

halglscagf'ssggﬁ\é}&rqpflg?beg I)/: @n%e%e%ypgh?ri%bfg eregio‘ﬁ% % é@ihcdfor an
antige) kasd the \adility tof re¢m‘ez¢raay1§b neg m@gem @ithedgh mipa lower
affinity than the entire binding site. The Fab fragment also contains the
constant domain of the light chain and the first constant domain (CH1) of the
heavy chain. Fab' fragments differ from Fab fragments by the addition of a few
residues at the carboxy terminus of the heavy chain CH1 domain including one
or more cysteines from the antibody hinge region. Fab'-SH is the designation
herein for Fab' in which the cysteine residue(s) of the constant domains bear at
least one free thiol group. F(ab")2 antibody fragments originally were produced
as pairs of Fab' fragments which have hinge cysteines between them. Other
chemical couplings of antibody fragments are also known. The "light chains" of
antibodies (immunoglobulins) from any vertebrate species can be assigned to
one of two clearly distinct types, called kappa (K) and lambda (A), based on the
amino acid sequences of their constant domains. Depending on the amino acid
sequence of the constant domain of their heavy chains, antibodies can be
assigned to different classes. There are five major classes of intact antibodies:
IgA5 IgD, IgE, IgG, and IgM, and several of these maybe further divided into
subclasses (isotypes), e.g., IgGl, 1gG2, IgG3, IgG4, IgA, and IgA2. The heavy
chain constant domains that correspond to the different classes of antibodies
are called a, 8, e, y, and p, respectively. The subunit structures and three-
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30 subcl asses (isotypes), e.g., 1gd, 1g&, 19gG3,

g, IgA and I gA2. The heavy chain constant donai ns
that correspond to the different classes of antibodies
are called a, 5, e, y, and p, respectively. The
subunit structures and three- 18 di nensiona
configurations of different ¢lasses of inmunogl obulins
are well known. "Single-cha? Fv" or "scFv" anti body

_fragnments conprise the VH and VL dongi ns of i hod
dimgnsienal eonfigurations o differenteslasses nrpﬁglrémngaI%guﬁr?s Yare well

knd¥h YRERIE LRt BV or Pé«ﬁfv@réhﬂbbdytfﬁﬁantwohw #e VH and VL

urther” conprises a 5 polypeptide |1inker between the
dorgpinsncbfviantibagy nswhgredh H1Rse comABRSsALe PEe$YHmiRh@ single

. et . biadi ’
polf LIS EALE, Préteratiy el Py TpBRpBALASD fuinéie btptes a
polppeptinted limiser hetweehlthe Vidsanb Mlgdemainsbwhishegnrables the scFv to

Spt,i nger - Ver | . .y -3 094). .10 T.
forfio g fsif s EBetE tof Chfo il ity Por, 5" PSiow Br K¥Fv see
PlﬂtykthnF MOTmPhganabdr)]Ingymg Mcpmmlslona:j\lfmmﬁbddiagrmt.t $13, Rosenburg

ri se a ' d

and §l&e Rne. Shider et b N R A 18 e e o' ©

pol ypﬁpti de chlai n (VH- V1). By using a linker that is

too short tg allow pajri t t t d [ \
The Herspiisbetien. ToIRsE donaiall SnEBPRY JEROMERise MR ntigen-
binlilig dife< QUMLR TRAYmMENtsdSRpAse &f haae) BRaINCY&viabledbmain (V11)

créate two antigen-binding sites. D abodies ar

comnested @ lightehain !v?riahl,e Q,mag;(é\ﬁ)) 8, thgpsqnggﬁypqmjde chain
(Vl-ﬁ% " é?’;&ﬂg& 6@@&3&%@%)@&% |eshtoﬁr fF alidRPairify Bdtwésh the two

/ _ erm "nonocl onal .
domainisbeuy thes samed dhaini ithe eflemaing 2l fatgedodg pair with the

coBign o, ARAHLFLAER Bo S5LARY afider binang ses
Diabngidsoaiieedesmihmi rmiorey fullyeinp 6puexample, &R 4DA0HT: WD 93/11161;
[or bind,t ' , t j
and e eet of Al g, RAF, BB Sf; U8 ShlodahgRas I s,
nmonocl onal antibody, such variants generally being
gl g Gpar S BRYPs chEO TR o Gh 4PUBEE) obtaime
froﬁi % fp@bﬁmtioﬁ%f?méétiﬂﬂﬁﬁw Hbm@%bﬂéoaglainﬁslbd'@st fi.gr,gthé_ individual
det erm nants (epitopes), .each non t )
antijodias PMRING ! the HARYSIAIL (emIGREaD ARdIET infigtie same
epigdkte?%géghbp%rt BokdiBid vaRsets! ihdtimay tdiem@0ARY Praduction of the

i es are advantageous in that they are .
monaclonabantikadyl shghotatiants geneojlobeingrresenkimByngn amounts.

In coPARE ltg'wl)'l'clonal antibody preparations which typically include different
antibodies directed against different determinants (epitopes), each monoclonal
antibody is directed against a single determinant on the antigen. In addition to
their specificity, the monoclonal antibodies are advantageous in that they are
uncontaminated by other immunoglobulins. The modifier "monoclonal”
indicates the character of the antibody as being obtained from a substantially
homogeneous population of antibodies, and is not to be construed as requiring
production of the antibody by any particular method. For example, the
monoclonal antibodies to be used in accordance with the present invention may
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i ndi cates the character of the antibody as being

obt ai ned froma substantially 30 honbgeneous

popul ati on of antibodies, and is not to be construed

as requiring production of the anti body by any

particul ar nethod. For exanple, the nonocl ona

anti bodies to be used in ac?grdance Wi th the present

invention may 19 be made by¥t he hybri dona net hod

first described by Kohler e Nat ur.e, 1495
be (made)by dhe rmgbrvs'em?ad@etby r @érﬁﬁﬁ?&h ddm%?fgl'%&é al, Nature,
256; 396.(1878), or thay bE’%S@é bWec&n%ﬂrfbrﬁ@iﬂA n&hods (see, e.g., U.S.

onal ant1 bodi es” fray al so be isolated from

Pam@@ #81066y). |Tim smoagclenahgntipediest MAYqRIEe be isolated from

ph{j%g{\')tlgsg& Iibagtég ‘&?é%ﬁ‘? elth?akﬁ\%ﬁi_\ %@E‘J HgggﬁgegdlqéggMSon et al,
Na{ure9152:624+628£149°. arkhdiarissctiabnd] Mohiiol 22256587 11991,

or ORGSR B P8Ry oo “cnmers

ant&b’tjﬂz@é (IMrghmogibaulms)snlvdanh iacpbrtiont ¢f the heawyl axgﬂos light chain
nces in antibodi.es

antieat i SR BP oIS A I Rop i g, aeibgs " sRtibodies

derwr?d ﬁﬁﬂwya ?@ﬁ@ulﬁf sp8cieslur! tﬁélﬁng“nbltba pheticuwanamieodyotlass or
the chain

s) is identi r. homgl ogous t
st SR g o Pl A S 1B happlogous t
) ing P&SquRnces el amtidtied Odweﬁ'orﬂmalnbmbf epasies or
or subclass, as well as fragnents of sucg E{Pbo [

belgagingrig Wthﬁé?nt!kﬂﬁ’blclastsh%f HWlags 3 We gments of such
tgﬁ:tdlé/é f\%’lo f&ﬁgsasziﬁéggéthk the @&8ired biol fddl %éﬂvw (E'S Patent

81: 6851- 685 LL% s?
NoCi, 846,667 arMotsisone et odl, | Prosy eNatlhécaidn $ﬁc| 1:6851-6855
(19335) '@r“‘n%?@ dallr%Hdd?é)éj'oﬁnt‘é %g’trﬁé‘e ﬁ@:dé‘bgﬁm‘é\%@&'ﬂantubodies

ng sequences erive rom a nonhunman
compnsmgeva(raabge ddrdaivd ahtigémbirding ssasvencep agherived fiess & non-

v BB 8 oBIR A SRk A, g o

cymlbw&hoﬁ%g anduhuman aohstamllmglm*r seydeabese(Us Pat No.

5,608/ SWBmeomiaRigRet BTIS AT OPURE IS pipinel AngHoRRe are

chlﬁ‘a%hbbéﬂlltﬁﬁléé Qhﬁﬂ&&ﬁtdlﬂwmel@thBﬁcé rdmiveuefrbm non-human

antib d i n_which residues froma hg er
lmm@@q’giﬁb n.t feorr dBepinadst Rt JHmaRg Ey W@@Pa@és regjuman
mrﬁ‘uﬁ&%&ﬁﬂlﬂ{é ?@c?pléﬁlghﬁﬂb@(ﬁy)&rﬂ%&ﬂﬁ@ﬁdﬁ@@%&ﬁ 4 rvanable

such 'as nouse, Tat, rabbit or nonhuman

regjar nﬁtf@ mmmgt are replaced pygigsiduesdrem a &\ﬂpﬁmawb'eafﬁylon of
r |

o 5l spp R ERn b SRS sy AERLeL AL ALHES ponrumar

priroater kayiog dhergesived ispraificitesatdingy. amd, panembrle some instances,

AT o AT RISChER Y (OIS Ao iince b

corgspondihg nohdasnam diesiduesi (Emstlmrmormdbumanfaﬁdt hatibodies may

refine anti bod erfor nc 0 ral.
corfyiadreSRuEn Trale U1 TOuRey e, MeiHERE ARfinpdy By in the donor
antModyeThbs® rneodmmhdnspar@ahbuettwunhew rabieaammmﬁmmance
whi ch all or substantw alll of the aﬁ Hef t least
In gepgral, cher Bumantredoan Uil SOMBIISRLRY iafly all of at leas
oné, BR{NBPicUMY! twd, %ﬁab?é)daHaaﬁ if UGERI o L‘Nbs’ibhtn@ﬂy ahhof the

FRs are those of a human i mmunogl obul i n sequence

hypegvasjable é@omcgmww@ﬂpdhw} oi@ ReRWMaR JEMUAgglobulin and
humani zed anti body optionally also will conprise at
| east a portion of an immunogl obulin constant region,
typically that of a human i mmunogl obul i n. For further
details, 5 see Jones et al, Nature 321:522-525 (1986);
Ri echmann et al, Nature 332:323- 329 (1988); and
Presta, Curr. Op. Struct. Biol. 2:593-596 (1992). The
term "hypervariabl e regi on” when used herein refers to
the am no acid residues of an anti body which are
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20 anti body (as herein defined) which is not
conjugated to a heterol ogous nol ecul e, such as a
cytotoxic noiety or radiol abel. Exanples of antibodies
whi ch bind the CD20 antigen include: "C2B8" which is
now cal l ed "Ri tuxi mab" ("R TUXANID') (US Patent No.
5,736,137, expressly incorpqrated herein by
reference); the yttrlun}[90 0Iabeled 288 nmuri ne
antibodéide5|gnated 'Y2B8" or 25 "Ilbri

all Toucapstantizityall B (hes a6 ete R605% 0728, RGTane ipFULGelpbulin
se%%?c,rem%?éegﬂ ﬁkﬁ'r R Q%s‘ilﬁjtﬁfrﬁé‘}:@s notsd NEbdv@G2Fhé Bhurhanized

10 %¢a i tunomab, " optionally | abeled with
antifddy botigeanléf atso wilbcompriseEat-least 2 RATYON | YAMAMMUnPglobulin

X 3 further details,
cob 3L BRIyl pLly o FuFhe i Dogiensls Fed urver detis
sem‘mneb@tail rdaturecm 522:525((9986); Rieclhmaan. etaloﬂature 332:323-

o b e LB Al o

h}ﬁéﬁ&uab‘ie redigat \dl@@@&jsdeB&@ﬁS@efersrm |the arhinoaacid residues of
chineric

R Rt A, e, v
redibil; cc%éﬁé’é‘@»'mnoaa&d' @sﬂu&amromob I"g&hpegnemiaritya determining

o R " et A5 50 GSERTES) ARLERLA . e

Rt ARt $1. fse 8 ahd I%r-1@2 3) in the
||gﬁ\29h§il z‘}eéél,i%l eoegwﬁggg %1 BB;'('gﬂP hA20, ('.ﬁ)spect Y il

heeus ehaip/ ozriabis, demainiorteahats Pladl RAWUSNGRYI © of loteins of
o‘i’ L&S1térest Bt Ed. Leu%?é‘ HIE sefvuw ﬁ%tlahal \dtitetes of

& | nterndtiona ocyte Typing Wrkshop
He(a\tal EBEthessdaat Mih, (1991 )L@nwwyt@seymsn@uerq |frqrwm Byegivariable

'°‘-'§L,{ gl Eesa\%w%oﬁfl ( e Y §2t(¥.§ a‘?ﬁsgf JQ%S?LQ) mF H’ié lght chain

185 \a i zunmab ¥1
vahigpend cradinaavid 26ERD (HIp, %}tﬁSb((H&%) aﬁd %-d@ér(HS) m the eavy chain

I.dec/ Genent ec che t 1
vagjable qrﬁwnhuﬁ‘ﬂgﬁ?%d ap t| éBQOPaMOibo%y o?‘gél%p"” (1987)).
"FIREN SN ST TR Residees bibe ehuse vaBable3@dmain &tﬂdeﬁs other than

Ther apeutics, a huna zed apti a0t
thqgweegwnaa{q pgign TeRILES At e(%f@?‘"&f’ W&%. fhody” is an
Cﬂ) oaf He‘?@iﬁuﬁieﬁhﬁﬂﬁmﬁ%ow wett hoﬂft@at&dm aedweterologous
antl 20 anti bodi es are suitable ‘1a§ ng Ffé tf Stbodles
meleculge Suchads @ Iytotexigemoiety PeiadiglabgknFXamplps of ant
dé | r féw Zoanel 'tm b"
tha{ H@fl)htgé ﬁl%yn %ﬂﬁ'g@ﬂ, G?B?I tviéﬁ:'\r}gi;% 1342 can ltuxima

("RITUXAN®" K4St PatanteNo. &f.7884 372@xpfﬁ§sql)é fpgorporated ﬁerein by

l ‘l B8Il
b Rl T A e, i snodPas el vese: o
"lmnmohmbalT.amuanbdzewmu&dws;am@mtt Ne. cBa36ahi1.gexpressly

Dotdey 2N Pat st 36,437,
'n(g)EBP éﬁljg a‘?’fgﬁ} pggf %eéeﬂeer}%g)h by r%\lo cﬁcé :Br]1'c I ud lso called
"Tbéuwﬁ’emab + betiaredllynBbefed withi 15-1iHe gelsierateythed Bth@I" antibody

oo 1358 sl e BN AR Ple A o898 729, expressiy
méBiFBFHté@qlxe@&h' @P?@fefé}ﬁie)bhﬂtﬁmehuﬁnﬂclﬁmoanmom"1F5“ (Press et

bi nd f { t of
a1} Blosd ALY EBASHeJNEB0) ANNA e ARPEdt, NG A Mework
bS5t %mﬁ&@&tﬂv@ 3;e‘mtmlooz@fo7t meéulagcesl N’EObeﬁlepgsn HB-

agent or antagonist, 30 in articul ar of n

96480): bodyiner 262604 ﬁumegwaaﬁﬂbaaybwyaé%n i &81‘ B%77.180,
refers to an anount of the B-cell depleting agent or
ant agoni st which is effective for treating CFS. For
exanpl e, the anti-CD20 anti body for the 22 treatnent
of chronic fatigue syndrone/ nyal gi c encephal onyelitis
is adm nistered in the range of 10 ng to 5000 ngy per
dosage. For exanple, the dosage may be in the range of
from100 to 1000 ng/nR, in particular, 500 ng/n2 as a
single infusion for R tuximb. Typically, the dosage
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5 Methotrexate is in the range of 5 ng to 30 ng per
week. In one preferred enbodi nent, the B-cel

depl eting agent is a chemcal entity, e.g. a snal
nol ecule. A variety of B-cell depleting agents are
known in the art for exanple known B-cell depleting
agent s are BAFF-ant agoni sts,,Furthernore, 10 known
B-ceII depl eting agents inc?ude ant agoni st of BR3,

a sts of a nteqrins Far

expenl; nesdasaied Barein o tater el ofimanized 2L Blgtumumab, a
fullg mﬁhbmﬁeallgcn napaAgsti & nbvel @.twe of €SDR0 BquI—CDZO (Genmab

eting agent are snall nod
Denmhowg}w%e&aﬁw )= "R 155 cifiinied Msdeculap, Evolution); A20
%98102 vatidits 2Her 08k 3Bch- 5! dhifeRtedi MunvanPé® M@? antibody

SBI - 087 of Trubi on Phar naceuti cal s.

(cARGs0, hBIQDP ceaspestivelyl| e(Uhai R%&%@ﬁ??des’m@%@m@ﬂ'cs) and
motn%%rbn Ita'nl??gbﬁ‘% LWVG?g dza %W?@t @ﬂ%’r'N@@i alhfble from the

ref'er a conbi nati on of
Intemainhal cnmmkoante Hmngmdloﬂm@m(vaim@ms 6t cdfbgilealleukocyte

Ty L b S R, EAOGRE Brulo BB (55 P

suwﬂét antibedieseard oe. tg. eﬂoretgzu]habnla: fully i bumasinedr @n’él CD20

R N

ge?ﬁﬁ‘tﬁ@ﬁi hgﬂghlzeﬁohnﬁwzﬂ)&ntlbbda %ﬁ Bidgere identGeaentemh/Roche.
e ant | bo t hot r i s .admi nistered to_the
Moseby et Bk I03 9 Bk T eregTHER FnOumAireh gl FR20 with

opﬁﬁ'.mefa §I§/Sé§¥§/lat?o51 JhVenefmﬁﬁbt(hAao; afrnﬁmnagwédwcs B DXL625 of

epl e ent, the ant agom st, In
lnews.Bl ydath ase humanized apt 'rF&‘PE@ HEC’PB'&‘a;?’e suitable.
f ragnment thereof, wi Il be fornul ated, dosed, and

adm nistered in a fashi on consistent with ood medi cal .
Mapeawsri iteis #ssitroed that othenB-¢eH depleting agants. dp magtigular, anti-
jiCl I . . .
COFE BHo 3, e SRR dN a0t DS e ffooies. e

MDX-d3d2dant e uséd forcthie teeatdient@f GHS.t he i ndi vi dual

subject, the site of delivery of the agent, the nethod

of admi nistration, the scheduling of adm nistration,
Th&3terms "rituximab" or "RITUXAN®" or "mabthera" herein refer to the

genetically engineered chimeric murine/human monoclonal antibody directed
against the CD20 antigen and designated "C2B8" in US Patent No. 5,736,137,
expressly incorporated herein by reference, including fragments thereof which
retain the ability to bind CD20. Purely for the purposes herein and unless
indicated otherwise, "humanized 2H7" refers to a humanized antibody that
binds human CD20, or an antigen-binding fragment thereof, wherein the

antibody is effective to deplete primate B celis in vivo.

The expression “"effective amount" of the B-cell depleting agent or antagonist,
in particular of the anti-CD20 antibody or CD20-binding antibody fragment
thereof, refers to an amount of the B-cell depleting agent or antagonist which is
effective for treating CFS. For example, the anti-CD20 antibody for the
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and other factors known to nedical practitioners. The
ef fective anount of the B-cell depleting agent, like
an anti body or antibody fragment to be adm nistered
wi |l be governed by such considerations- As a general
proposition, the effective anount of the antagoni st
adm ni stered parenteral ly pgé dose will be in the 5
range of about 20ng/nR2 to abdbut 10, OOOng/nQ of subj ect

body one or nore dosages dosage e
trea@@?nfengff&hrpmcaafa%aﬂq PRI AIge v Bhagphgomyelitis is

aerﬁﬁg’JeYed; i *hel(?Q leozmbetogﬁo@@ ndqyer Hosage 1Bdi eRample, the

hea he admnistration to

a
dosagg ewy be @ mmgam Wérféspi@ulq)QéPI 1004 m!m%/éndmgelar 500

n y t / yTu p
mafing; 35,41 st ffsPhe JBr , RiGRAEY hich e PhSeite for
Methiotfzhaie lis ndihegr&ugactfcﬁjmg‘ma@rmﬂ pehweekf of 50 to
2000 ng/ n2. As noted above, however, these suggested
anounts of anti body are subject to a great deal of

In bher@efitred eﬁhtmd’m‘entheTB&:elueqe;Metmg ragemt $®laechémigadentity,

e. gg%tpér%%h%&ggg%ng} ggg%@coggg 'Iln%pggtgtngﬂgg%ﬁ% e%)% Ifnown in the art
for@%Nplé'kh@%andell dédi@tldghegémfsl éled&AFFinﬁgomsts Furthermore

adm ni st ered sui t abl e mean
oy el epiatilg aagniSansLdecaaaenst Af BN, kaislg of alpha-d-
mté H<PBte, R @xample} K/I%ﬂ?&?éxatémﬁéﬁrarlalég@é Bﬁfdlnﬁécnd displaying
mni stration. Parenteral infusions. incl

B-qai deplatioaiastivity.OMATRsTY) Brasilh dehping ggent are small modular
rmr’p[]fx{)g ecaf&iﬂ%%] nf§s i %&uﬁ&e@woaﬂm Ekérhbﬂat ISP actmg as B-

tion is also contenplated. In
celndigipléting ageetss-are| TRUeY ®tarn§BL8Ht obJ rubicagBhagnaceuticals.
[ e

AIs&Iéi\@H%ﬁ?}éﬁﬂ&% ¢HAin %H){?%&lte ?h?ﬁgﬂ%gishe%?e%rﬁ%cm’es having a
potent 8gcsll dépleﬂbafm:haityy the dosing is given by

i ntravenous injections. Methods for generating such

B-cell depleting antagonists will be described 25
In heprefefftdl @nibaiiment, be combindtion mf oanicantbrCR20 antibody and

ervehi Sobahonl B3RO 515 R PR o b Mmoot

rept€sentfity 8Rhepneal é’ﬂ\ﬂtﬁ rofad Bvcﬁilwdemétm@l @igent rmblqsedcﬁalr teeating
expressing CD20 at thei r cel | surface, can

chgaie:tatigye indiemeesf mya glcaﬁrﬁwﬁigwgs't's ABINRER AL g these
entitiéd M%ff Bk fe?fecﬂﬁf‘eélﬁidlt'éaea%lzgoﬁﬁrétéw| br bgequentially. For

apparent to those sk int 24 ant1 bodj es
example; imadirpt eagimenesivien thegntibadvner Methatiexah 'ﬁg?&mlgtstefed to
of
neFubisABAS ) 2 53RBh (BB ST 0Bl s e
to identify a srrall nol ecul e whi ch binds to that

ti Al t .
héCoadRBsiten FRRPHEEE. Yne 'BSRTRERISTROCEHLES, Y ehfagonist, in
paﬁ@m%fralthéyaknommeahtiquwsor Three GBﬁOJfblmmngcahhbomy fragment

therhel. apHl oy G IRgR o Gt Sad (RATPIRSHE, uf i BffigyF Bonsistent

with i gagg.toeg%@rl gfbtﬂfﬁz *ghi:gi‘régﬁr ddtsﬁﬁiggssat(omaa this. @pntext include the
ubl i she s

stagRtRl dhedaricuIRE dingege el bR deh bems agisd. Ths particyia mammal

befiﬁé t?é‘étbg g')é éﬁ}ﬂbé’!gétﬁldi’l‘?&# gnafe rpadusinsdbjectCis sivé ofdelivery

ant | e such peptides may be antag P
of e masnbelneemethag QieaamINStANors e SRIGCHIAG Fh,ed igtration.

a cytotoxic agent so as to add or enhance antagonistic
properties of the peptide. A description follows as to
exenpl ary techni ques for the production of the
anti body antagoni sts used in accordance with the
present invention. 15 (i) Polyclonal antibodies
Pol ycl onal anti bodies are preferably raised in aninals
by multipl e subcutaneous (sc) or intraperitoneal (ip)
injections of the relevant antigen and an adjuvant. It
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rabbits or mce, respectively) with 3 vol unes of
Freund's conpl ete adjuvant 30 and injecting the
solution intradermally at nmultiple sites. One nonth
| ater the aninmals are boosted with 1/5 to 1/10 the
ori gi nal anmpbunt of peptide or conjugate in Freund's
conpl ete adjuvant by subcut ggous i njection at
nuItLFIS 25 sites. Seven t&Vv14 days later the anlnals
are ed and the serum s assayed for_anti
and pther actPE kBownda Brieal PrecHtiansss. ol B¢ &é%&gze amaunt of the

B- S’élﬁ&&s@hhy ageh€ Ik mbnhso@pesbﬁdbwy fraghfert @6 begiinistered
e sanhe anti ut conjugated to a different

Wl'bb@iﬂﬂvﬁfﬂﬁﬂjpbﬁu?%rc@l.lngﬁieéat!‘?ﬁ?r Seﬁtg%\eé%'dafppﬁﬁit'ﬁg the effective
an{o‘?ﬁg 3F the-ah %’g@r‘@ts adnth fér@é”p?ﬁan’i’@r@ﬁ | per” 86880WINABE in the

pr oteln USl ons. at i ng
rargseiof sboud 120l toaabotT 0 A0MAIBZAO! GLI RS, Hy one or
S
mdyf HikadeS, RAMal) UbsBBE s H indddt Siddies include 375

mgtfnstbequm nalld)@memg@émgs ocandaysodiarl 16);e0r, 1tgram x 3. The

anfifesy ForaPe Aapeediin 162 Likcdni{ SBAE hdppepufarl effective

doPage ldvlsesd/ahuaoayz i$ h:atsoato 2000ungmy2 [or adultipie of dheralpeutically

oTBRe HShgeson S ABURSY of kia20 g gl HagHent thereof

of 5001020 Ag/miD Ad doted Qboweh@\b@V@Cttﬁés@%ugbested amounts of
ant i body as not being a mxéure of crete or.

antibpdy: pEsh aHbIgKt Fcbécﬂf@@t deg} o mp%uth @cm}mﬂd}%hey factor in
se%%h? ghe§ r*&?e N@8&e Ushd OsdHeRiuing’ isdara f@stdllo%btamed as

irs esc Kohl er et ah, Nafure, 256:4
indicated)abayve. r?ase &Cﬁﬁdtenigtmgs@&%t M@gw r}éiehéh% antibody, is
adiihister&4! 4. 3HEbRE "Ime dg'% %JBHFeraI topical,
monocl onal anti bodies I's rea |so

subaqaeeoesi mnapgrlwlaa!nmtmmjlmpngqedutrggag@l, gnd/ex intralesional
adﬁﬁ;{gﬁﬁgl 1 90B ??%nqg 4| s‘?gr%c' id@hadr ‘?nﬁ?ﬁﬂgkﬁla?f intravenous,

"\pet 0 genes encodi ng
mtiaagfdnart halntmpefltdnﬂraln eoamsubuahaee))us Tminhmtstlralmna Intrathecal
erve as a referr

N R T T S

anté@@)hﬂits like\ithé fbrﬁlbﬁbdyhmyt suitsble tleedd miriistened tbyc plulse infusion,

. [ i |
. Faiih e P, dperpyor b ANagonisy drasradly e BRafa s oiven by
intfienBLS fijitGend)r oduce

Methods for generating such B-cell depleting antagonists will be described
here. The antigen to be used for production of, or screening for, antagonist(s)
maybe, e.g., a soluble form of CD20 or a portion thereof, containing the desired
epitope. Alternatively, or additionally, cells ‘expressing CD20 at their cell
surface can be used to generate, or screen for, antagonist(s). Other forms of
CD20 useful for generating antagonists will be apparent to those skilled in the
art.

While the preferred antagonist is an antibody, antagonists other than
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I mmunogl obulin protein, to obtain the synthesis of
nonocl onal anti bodies in the reconbi nant host cells.
Revi ew articles on reconbi nant expression in bacteria
30 of DNA encoding the antibody include Skerra et ah,
Curr. Opinion in Inmmunol., 5:256-262 (1993) and

Pl uckt hun, | nmunol. Revs., 0:151-188 (1992). In a
further enbodi nent, anti bodi€s or antibody fragnents

can belsolatedfrom 26 apti bod hage brar.i.e
anGaniies eeet calanpleked erain: Foboxartel e aniqpdiiesiny coprprise
a &haftfmolRLIE antatfshiso 1ibRetics18P @mallChisiéanss ﬁﬁa)’ﬂfbe screened
Nat ure, 352:624-628 (1991) and Marks et ah

“against CD2fin: owgler 407dentify 3 sa@é.lcmpt?@u!wh.'%bmdsotﬁ ‘BPt antigen.

Altgﬁ{dtﬂglyarmewp @BECQRQJ Riay bESRIEEHYEIoh tHesH Bdcall r<]1eplet|ng

braries sequent publ I cations describe t
acqmtydungeoarabfbmkgnwaf techiniquesnMheasell melesule may further be

scr%gh"agq’ghﬁg a%e;/?j&%ﬂeigg%éle ggggeﬁ)frhﬁggﬁls{aﬁay also be a peptide

gesenited dyoratidnalndesighoar diyd phagei displayc (ses. nad. oNV@98A35036

pubaek b sl THRST . ElelfotimBhe ind FRAEoE " FhdiEe maybe

a '(A9R3imicthes, arttilb@%iv hnalbgobndqsngaearleasechhdnethe CDRs of an

alternatives to t iti I
aniigRsh. JUAS SUEh megliesaRY e aASBARSE Mo LAY Elkgs. the peptide
ma@nto'pheﬁé beﬂﬁs%@@%w&bxhﬁ d@é‘ﬂltfscecbs ftOr addaopl enhance

substltutln he codi ng, seq

uence,
anmw;ﬂ@narqpﬁms @ﬁathﬁ Reptde qef‘awPH *JF}HBYVQC%S L exgaplary
g d d
e oy iSRG g " foordance
withithe m&S%BQVQI’!IQBH)) or by covalently joining to the
i mmunogl obul i n codi ng sequence all or part of the

codi ng sequence for a non-inmmunogl obulin pol ypepti de.
(i) PpwdmaI}ammoulesoﬁolymmgr’dboﬂi% are preserable saiged in animals

o STH, 466 ot 56087 RPN 1 Bt cotvan
ant@g!m and Ie@mﬂjucaxmummag 0:3] tmefuf tacomjupateciihe netevantanéigen to a

20 Dbi I bod
M N A R R R s
Inmﬁ@ﬂﬂwo@@hi@eﬁbmmlmmm sbcb\ﬂnéathyrqglat:lﬂgl gorcswbéan trypsin
antibo

di fferent antl iii) Hu L d |
'nhwmodgs'ﬂar Aun® PEP"é{'?lonoﬁu 'H'}?od@@? avéorbeg%(ampe
ma‘i’&ﬁﬁ&éﬁ@&dyn Shffostidcinimigber edby (@orﬁ]ugamliedhﬁjughbodysteme

has one or ‘'nore amno acid residues intro dinto I|
residugf)a Neo ydeoxysueeinimidgo Athroweth Wﬁeséesrh urﬂa\Htafa dehyde,

su@éﬂnﬂgar?rgdﬂmke§d’(§'95 o1 REESNR, 8hRérecH drid R al'enﬂﬁ’lfetrent alkyl
resi dues,

ch aré typically taken froman "inport
grougrsi abl e donmai n. Humani zati on can be essentially

Animals are immunized against the antigen, immunogenic conjugates, or
derivatives by combining, e.g., 100 ug or 5 pg of the protein or conjugate (for
rabbits or mice, respectively) with 3 volumes of Freund's complete adjuvant
and injecting the solution intradermally at multiple sites. One month later the
animals are boosted with 1/5 to 1/10 the original amount of peptide or
conjugate in Freund's complete adjuvant by subcutaneous injection at multiple
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30 performed follow ng the nethod of Wnter and
co-workers (Jones et al, Nature, 321:522-525 (1986);

Ri echmann et al, Nature, 332:323-327 (1988); Verhoeyen
et al., Science, 239:1534-1536 (1988)), by
substituting hypervariable region 27 sequences for

t he correspondi ng sequences gf a human anti body.
Accordi ngly, such “humani ze@® anti bodi es are chineric

_antj bodi es . S. Patent No. 4,816,567 ' .
sitasy &qvgﬁttpaﬁ gav%'oagef it aniialniaie Plgn, A (08 sEHgn ds assayed for
vy titdlasAmARIls SaHesbbbsfedd ublil the twer r;ﬂsmudl Rreferably, the
seguence from a non- hunman speci es, ctic
amma%ﬁ.bpeat%mtbdaeésormatﬁm 81 sama arligeRnbrbsanigatef to a
dlfﬁé’?ét‘?th'p__%?r s %@BF"tﬁFdL?gtf'l 2 HfHreRt E:Rfésdl '?Qa?’?’gs'@ddugates

ues are substituted resi dues
alsanghogbes medeedn | reqthananhmqlb@dﬁltyse Fheprotrincfusipns. Also,

o R S ST 9 i 0 e e e

respopset ant to reduce antigenicity. According to the 10
so-cal led "best-fit" nethod, the sequence of the
vari abl e domain of a rodent antibody is screened

(ii)m'dmb néﬂd?entnebﬂierse library of known human

varj abl e-domaj.n se h i i .
woloeleaal “+SRiRe S5 S8 ESned ol B FRERFC A1 lbgiduany
horhagaﬁeém@namdfduéegno@ (FrFé frfivitibal hamtibtdies] eomplisithg the

Sinms et al .| mupol 122
po;éylatlgn ars ldegytagpl am!éorg@in the ggm 199%2>becé1)?<:teptafor possible

variants that arise during production of the monoclonal antibody, such variants
generally being present in minor amounts. Thus, the modifier "monoclonal"
indicates the character of the antibody as not being a mixture of discrete or
polyclonal antibodies. For example, the monoclonal antibodies may be made
using the hybridoma method first described by Kohler et ah, Nature, 256:495
(1975), or may be made by recombinant DNA methods (U.S. Patent No.

4,816,567).

DNA encoding the monoclonal antibodies is readily isolated and sequenced
using conventional procedures (e.g., by using oligonucleotide probes that are
capable of binding specifically to genes encoding the heavy and light chains of
murine antibodies). The hybridoma cells serve as a preferred source of such
DNA. Once isolated, the DNA may be placed into expression vectors, which are
then transfected into host cells such as E. coli cells, simian COS cells, Chinese
Hamster Ovary (CHO) cells, or myeloma cells that do not otherwise produce
immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the
recombinant host cells. Review articles on recombinant expression in bacteria
of DNA encoding the antibody include Skerra et ah, Curr. Opinion in Immunol.,
5:256-262 (1993) and Pluckthun, Immunol. Revs., 130:151-188 (1992). In a
further embodiment, antibodies or antibody fragments can be isolated from
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15 (1987)). Another nethod uses a particular framework
regi on derived fromthe consensus sequence of al

human anti bodi es of a particul ar subgroup of Iight or
heavy chain variable regi ons. The same franmework may
be used for several different humani zed anti bodies
(Carter et al, Proc. NatI d. ScL USA, 89:4285
(1992); Presta a al, J. ol , 151:2623 (1993)). It

is furth tant t bodi . .
EXT A W AT G e
Mc@od;flérrty; ?ég?gf"n”a?"‘@' @483f5524®5§pqn999)s Clacksohi eteahhiNature,

0 a preferr
35302AkAH COR b PIGHALE 15 nprbc M. dFiohndd %8157 (1991)
delHbLIENE aiatlgﬁqHP'?ﬁﬁﬁné‘%d’ HunPH$ SRiboBRIs) Alespectively, using

umani ze products using three-di nensi onal nodel s, of
phage lkradesal Subseqrenhupehiicatigns cgaseries; the productlon of high
n I
ol aff T3P T ARSELRY ) ) i Ry ot i,
Brcﬁm' tchiflopyit €0:779e71831(5992)), av avdlads conbipatarial infecter and in

B A S
(W%@@W\@Oﬁeset bhsNwd.i Acidsf RémsélﬂlzxﬁWSﬁe(‘rﬁgt&)) Thus, these
efaeeb el Biled B FeSluahih el iy rpBrcoma
tedhnﬁ?uest hg? ﬁftﬂguig ﬁ%pfm?rﬁﬁlmsahﬁmmesf ITren@NAhalso may be
mashiac dhr SXATRIp < DY EHDSHINGo R RSO PeBEP Bt Biany heavy-
an8ORBhDechdih OBbh&@Nt domains in place of the homologous murine
sequences (U.S. Patent No. 4,816,567, Morrison, et ah, Proc. Natl Acad. ScL
USA, 81:6851 (1984)), or by covalently joining to the immunoglobulin coding
sequence all or part of the coding sequence for a non-immunoglobulin
polypeptide. Typically such non-immunoglobulin polypeptides are substituted
for the constant domains of an antibody, or they are substituted for the variable
domains of one antigen- combining site of an antibody to create a chimeric
bivalent antibody comprising one antigen- combining site having specificity for
an antigen and another antigen-combining site having specificity for a different

antigen.

(iii) Humanized antibodies

Methods for humanizing non-human antibodies have been described in the art.
Preferably, a humanized antibody has one or more amino acid residues
introduced into it from a source which is non-human. These non-human amino
acid residues are often referred to as "import" residues, which are typically
taken from an "import" variable domain. Humanization can be essentially
performed following the method of Winter and co-workers (Jones et al, Nature,
321:522-525 (1986); Riechmann et al, Nature, 332:323-327 (1988); Verhoeyen
et al., Science, 239:1534-1536 (1988)), by substituting hypervariable region
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28 recipient and inport sequences so that the desired
anti body characteristic, such as increased affinity
for the target antigen(s), is achieved. In general,

t he hypervariable region residues are directly and
nost substantially involved in influencing antigen
binding. 5 (iv) Human antib 2ies As an alternative to
humani zati on, human antibod$ s can be generated. For

exanple, it is now pgssible to produyce tran .
sequenegs goo( gwegcorrgzmcg)dmg] gpqgg@cqsagfag mzybgﬁf‘ ggc?)'/ CAccordmgly,

su mms&q‘l 5 SHtidydReliChred éhlfn'éh'c ra?ﬁﬁbﬂﬂésf qWRS. hpawint No.

_ I n the absence of endogenaqus
4,811 6TRET) givberelin rsupstantiallyoless Hbaneamiplast humapvasable domain
ser [ t
va S50 By WP OB Soeres O, ATcho buman
spedesT hii peactice ahunranized Mbodlwnamml@alw humapi aplipedies in

g SR B BB RS 1 eB4aBE) Simert Hesidues are
Sutﬁﬂ;nlﬁ%w Wréﬁida@sd froinge @n\aﬂdgouswtdst mlﬁademtta”mlbpdmj diheoghoice
0
of BumovRHabIe dalaing, Hoth Nt SheL hEas B BE wsEin, Budking the
hurﬁl\ﬂ%ﬁ anl?%@%’ist\ﬁe |m¢iortaNat¢Jf@:|uc'éG£nﬁ@&ﬂ®58 f(cfb@%hg to the
ggermann et a ear 7:33 gl P
so-cell e bast o methoss thecalsreRoiatls Kariaalesaampls, BF 2 rodent

086553615, ONEYS St i s

sequenteseThe rfwmamtseaeqn@% whiieh Ineliopeshtor %ﬁé%bé Tpgent is then
accéé)tt §:ad rtt‘?énl-*dmé’ﬁ‘%rﬂg%w régioha{Hr®) fof tHMinfarge® antibody

ertolres from uni mun
(Sims et al, J. Immunol, 151:2296 (1993) Chothia et al, J. Mol. Biol, 196:901
(1987)). Another method uses a particular framework region derived from the
consensus sequence of all human antibodies of a particular subgroup of light
or heavy chain variable regions. The same framework may be used for several
different humanized antibodies (Carter et al, Proc. Natl Acad. ScL USA,
89:4285 (1992); Presta et al, J. Immunol, 151:2623 (1993)). It is further
important that antibodies be humanized with retention of high affinity for the
antigen and other favorable biological properties. To achieve this goal,
according to a preferred method, humanized antibodies are prepared by a
process of analysis of the parental sequences and various conceptual
humanized products using three-dimensional models of the parental and
humanized sequences. Three-dimensional immunogiobulin models are
commonly available and are familiar to those skilled in the art. Computer
programs are available which illustrate and display probable three-dimensional
conformational structures of selected candidate immunoglobulin sequences.
Inspection of these displays permits analysis of the likely role of the residues in
the functioning of the candidate immunoglobulin sequence, i.e., the analysis of
residues that influence the ability of the candidate immunoglobulin to bind its
antigen. In this way, FR residues can be selected and combined from the
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donors. According to this technique, antibody V domain
genes are cloned in- frame into either a major or

m nor coat protein gene of a filanmentous
bact eri ophage, such as M 3 or fd, and displayed as
functional antibody 25 fragnents on the surface of the
phage particle. Because thefilamentous particle
contai ns a single-stranded copy of the phage

enone, selections based on the functi .
rqumuenh@rr&ntma@rayS%ngreésavt hah the) g8 e&ﬂgaf'g?ﬁge%‘éﬁgaef'Sf'c

su%ﬂ%gqh@&aﬂ;gﬁ éﬂﬁl&ﬁ%}yth%xﬂ&'r@éttém%é&@s% RERReEH| BSgeneraI the

age m mcs some of properties

hywvarlal?leag&gl@lm srpsweéaareoélfséﬂy AKemash Ssl@séaq}!i’r“b’e'{‘w‘g’e“ in
e review see, e.g., Johnson, Kevin
mf@engﬁlgn%]tg@ tﬂr\dﬁ'%aw dJ., Current Opinion in
Structural Biology 3:564- 571 (1993). Several sources
ene..segnents can be used for phage displ ay.
<'vx5*ae1?3‘oﬁe‘&°°§ 29 Nature, 352:624-628 (1991)
Asl §m|é1te¢data/eiltde1wmmzamyn ohumani aotizodies aanahei genarated. For

exg@p'g,étjlsf l;x%%p[q§§ %}té?gggclhgﬁ?et 9%[}%#?1]%824@5%&5 X 9hiceS that are
cap&HIE! Upbh tmATunizARIIE Bffproducing rartuli re@érﬂmmmf ieman antibodies

i e absonans! SHISRNGH RymLBPs LT oy dlelh 5 Slarble, it has

beéﬁ%@écﬁ@e@smt th%' lhbn'fdﬂybems n&elbh@nttﬁcfh”é Gntivody heavy chain
descri bed by Marks et al Mol . Bio

joigingonegion (J&) fgleln?h"blchﬁf‘e”El\%ﬁ] geqm: "fé% W@E"fi@'ﬁg) results in
cora%?ete"’"'nﬁfBltbolr‘SofD @ﬁ&ﬂéerwﬁfs aﬁh@&fy 3?0%@ﬂ6n5T55ﬁsf895f the human

man anti bodi es may al so generated by in vitr
Qeantllneammumogiebulm ggee wspm ém:% ger@émeamtaﬂfdmlce will result

in %gg ﬁro@ﬁ% io 1c9f een ?rﬁ%@lﬁlefsr @?Bﬁnéﬁtlé/éﬂ i Hllenge. See, e.g.,

UES have vel oped roducti on of
Jakobovisdst 4lf RKyoeniatl. Acadi Scbr\b$Ay9012l5§§e(1\99§bnféﬂﬁ°§°V'ts et al,

NalSe® 3851386295d | fod4)? BrBbyd intarth 4ESH WS in Immuno., 7:33 (1993);
and US Patent Nos. 5,591,669, 5,589,369 and 5,545,807. Alternatively, phage
display technology (McCafferty et al, Nature 348:552-553 (1990)) can be used
to produce human antibodies and antibody fragments in vitro, from
immunoglobulin variable (V) domain gene repertoires from unimmunized
donors. According to this technique, antibody V domain genes are cloned in-
frame into either a major or minor coat protein gene of a filamentous
bacteriophage, such as MI 3 or fd, and displayed as functional antibody
fragments on the surface of the phage particle. Because the filamentous
particle contains a single-stranded DNA copy of the phage genome, selections
based on the functional properties of the antibody also result in selection of the
gene enéoding the antibody exhibiting those properties. Thus, the phage
mimics some of the properties of the B cell. Phage display can be performed in
a variety of formats; for their review see, e.g., Johnson, Kevin S. and Chiswell,
David J., Current Opinion in Structural Biology 3:564-571 (1993). Several
sources of V-gene segments can be used for phage display. Clackson et al,
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of intact antibodies (see, e.g., Mrinoto et al,
Journal of Biochem cal and 15 Bi ophysi cal Met hods
24:107-117 (1992) and Brennan et al, Science, 229:81
(1985)). However, these fragnents can now be produced
directly by reconbi nant host cells. For exanple, the
anti body fragnents can be |2glated fromthe anti body
phage i braries discussed a Al ternatively,

Naggp, g'ﬁ'a%rgﬁﬁﬂﬁgﬁgomlg@ﬁfg Izéw]%g%%v%%gg ffgog]nﬁ'oxazolone

anfj Bé’cﬂ ftom %Haﬂrraﬂﬂoﬁi coRibmatesanmbragy of bﬁﬁeiﬁiénved from
. Accordi ng to another approach, %

thef SQWﬁt of amupizedsAlige-cb ERRastaite of N)r%er"% Mpypimmunized

huﬁl\%ﬁtd&ﬂb H'ﬁéJE&'tstgd?&ﬁ ah@qmlbw&?és foPa di\}bﬁ‘s@fa@t‘élycéﬂ a}ﬂlgens

fragnments parent to the skil
(mpjuam semmntlgena) cahebe ewemdmssgntlalwef%lmvv%dpeoﬁechmques

&Il ok A 80 o, 3 M), Bl 2R, ST (1950 6 Olfftn e .

EMBOJ 5, 88725584 Theo3nt BeedyalspagdSntPatept dNes @5@5 332 and

o 5 P S oy B BB T MR epyatea

cellisecl STPHtEnECH 567,610 dnd pe229,225). Phar maceut | cal
For mul ati ons 30 Ther apeutic fornul ations of the B-cell
depl eting agents, |ike antibodies or other antagonists
(v) $Sftibody fregiRes@nce with the present invention are
preparéed for storag

1 Xi ti bod
Vaflpib iaeinianescBRVASOPRY BRVCIABSH B dag, eibdisyBg of antibody
fra@Hx"e‘n&é’ MabifioPRily Ofilse RPAd MBARUVEFRUEYVES W%\Obﬂhéaytlc digestion

rriers, exciplients or stabilizers (Remingt

of Mrtactrendibodies) (B, eddes Mugimolodet ialn JouEl “ofaBigghemical and
229:81

0] uaobbad FORAT AR i S, Se,

(1%@)3. Hovee\erar thesentfregrments reari phewt Peat progcsd  directly by

o FRRY GO, SEUE T AR By ele Gy e e

froACiths; aﬁiﬁod;oupnﬂmgeshbmlasdldlq;puasecbrab@veacNiemajlvely Fab'-SH

fra?@%ﬁ'{é%ﬂﬁ?ﬁé it Vatlvegq,pﬁgrru?%] cﬁ?'b ngechemlcally coupled to
forhﬁﬁaaahonagmt& qcladfé{ bt?rélalﬂﬁoﬁfeﬂhrmldgyr i19e163-167 (1992)).
enzet

ACGRBHILIC SEPIRST SpRreahd (8RR MGG AN Fe [ fiect from

reo%?t'iﬁﬁ&ﬁ‘t héﬁtt%lh@hﬁtur%ei’ﬂhér wéhmqw@é ﬂheﬁ@pioductlon of antibody
3- pent anol m cr esol L ow mpl ecul ar i ght

fragmentswilpe mpa@tdgéa§ sgbledRigetivensr. I gingr bé@JE}?"ts the
an@oﬁ&ﬁ&&b@%%mgﬁ'aiduva%angBHﬂ%FQ Ld;éélwo 93/16185; US

e S such as vin rrolidaone;
PamtrMoaﬁaﬁi'é &%ham U \Ratast hgq Lg é@maagbﬂ@y fragment
] ralys f
ma; SR HLF ik Shoalied shg?egﬁﬂﬂﬁ?iﬁéiﬁ‘.ﬁ?ﬁﬁﬁ” Pig 870 for
ex@hptﬁo&mhﬁmmnbody ﬁagmems mayh be anonespegiin er kigpacif?c.
as EDTA; sugars such as sucrose, mannitol, trehal ose
or sorbitol; salt-form ng counter-ions such as sodi um

PhaBhateGeioal Eaaﬁu(alg‘s Zn- pr ot e| n conpl exes); and/ or

non-i oni c surfacta S EN TM. PLU L.CST" or
ThempeutiRybuRalbyE of tieBeyel Japielbamays dii Seliggies S other
antfégbhps@éjwsﬁar Wbé&ér@%ﬁcér\ﬁltﬁ aner preént InWARN afd Hrepared for
ressly incorporated herein by reference.

stomaﬁ by deixing Ae Antippdy of 3 fragmen ?’P&Bg‘év'f"@r‘;g‘ﬁl %"&ﬁ’ degree
conprising 40 ng/nL rituxi mb, 25 nM acetate, 150 niV
trehal ose, 0.9% benzyl al cohol, 0.02% pol ysorbate 20
at pH 5.0 that has a 25 mninmumshelf [ife of two
years storage at 2-8C. Another anti-CD20 fornul ation
of interest conprises 10ng/nL rituximab in 9.0 ng/ L
sodi um
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chloride, 7.35 ng/nL sodiumcitrate dihydrate,

0. 7ng/ nL pol ysorbate 80, and Sterile Water for

I njection, pH 6.5. Lyophilized formul ati ons adapt ed
for subcutaneous admi nistration are described in US
Pat No. 6,267,958 (Andya et 30 ah). Such Iyophilized
formul ati ons may be reconst%ﬁuted wWith a suitable
diluent to a high protein concentration and the
reconstituted formul ation na%

d -
of b Wi oRBVGRS oPPAETARHHKEY SBEPRIFRLE Gariicie, Frcipients or
staanééFﬁRéﬁﬁn t%ih sf ﬁh%mﬁ&e&t@alas&bheéy mthaéumannmbl A. Ed.

con | ated. See, for exanp

e
(19800R/ @)1361319fqrm Tode Ia@phméeq néqrgwl@m%s ,@5, gggqpt@e solutions.
Ac tgel%pggrr%eps tnéeccaﬁfeﬂ&s %@ﬁa@ﬂﬁ@?&r afe roftordc @ F8Bipfentdat the

acerva n ues or y I nterfaci al
dogmjesnand zabcentratians malqyled angd dnelugeduiiare sprhagghasphate,

cutrﬁf%?%bgpgln%ggg?éjaen%e cf-.éé‘d htiokidEnt %hﬂﬁxbﬂ?d:yés%toﬁ)cc acid and

rvely, 1n collol
metifibhinet y pryséoativéd on(suaotamabe odtaqbexs;tdimthmlbbumln ammonium

m_crospheres, m croe tigl n
e i BRETReoR i o U HecPRREER. (R dpngethonium
chigfige1@hénsk! Bgr olrrbé?am rw(tcﬂfols afyhrparabens csalch as methyl or
Sci ences 16th edition,

propyk paraheiu r‘a"%‘éﬁ‘ﬁ ﬁ'l"&f %0'}@3?"8591% @bgﬁ%"d and m-cresol);
lovﬁﬁoﬁ&gh&r WERIR(18Ss Qlﬁaﬁ? abbat 1e desnaaés)ap@lypésmatprms such
ude sem perneable matrices o %!Mﬁ' Wﬁgpﬁalom h
as ;s@lrwealbumsm aelating of Henaogiehilyts: RyrepNitg RWRES,pYch as
polwm&[)b‘:ynfo%p?éy a?ﬁi?ﬁe‘icﬁfst IstichS as® gfircirld, | Gutadine, asparagine,

| es of sustai ned- release 15
histiglinei, cammmel ude |M€)lhyesm9ﬂ§sa¢ﬁhﬁﬂﬁ?éb sdispgeharidas,) and other

carg%wéét%% I% ﬁgl g@ﬁ&é 3 y ébtalé%égr ?Extrmspchela’{;cr)zg agents such
as EUV/S,, &idars smqhodigl sacrosef manglitol atnehalgee @raagbitol; salt-forming

| | |
colitgt-ne Sy msorTantordl SRS, [ bE Hrpihei complexes)
an@/@polwdmrcﬁmsu@mmtaﬁts LSRSRON aBEPOWEEN Y njRIAIRONECS™  or

m cr osed of lactic acid- 20 glycolic acid
pOWSBUI 'd{ho‘ggbrol i de acetate), and

pol y-D- (- ) 3 hydi Oxybutyric acid. The formulations to
be used for_in vivo adn}nl stration nmu

Exampiary saR ATy 0 BSRY] TSGR (ATFr JETSIPhbUpe8/56418,
ex;&@éily lﬁcf)t‘dotré@d' Hé‘re”i?%’?rréﬂﬁ’énchﬁﬁ‘&' pSbIRatibh ddweribes a liquid

tment of Oncol ogy and Medi cal Physics, Hauk

mtﬂjﬂqs@rmrwlatmpq:qrapnsngggqq ma/mé rétym 5 M ace?ate %0 mM
welfRRFLIPA b0 sk At BB g ot e
mmunnmdsbelﬁyhfe of two years storage at 2-8°C Another anti-CD20
formulation of interest comprises IOmg/mL rituximab in 9.0 mg/mL sodium
chloride, 7.35 mg/mL sodium citrate dihydrate, 0.7mg/mL polysorbate 80, and
Sterile Water for Injection, pH 6.5. Lyophilized formulations adapted for
subcutaneous administration are described in US Pat No. 6,267,958 (Andya et
ah). Such lyophilized formulations may be reconstituted with a suitable diluent
to a high protein concentration and the reconstituted formulation may be

administered subcutaneously to the mammal to be treated herein. Crystalized
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Epstein-Barr infection), was observed. She devel oped
Hodgki n' s di sease in 30 2003, and was treated with
chenot herapy and radi ati on. She had a | ynphonma rel apse
in 2004, and was treated with chenot herapy. Contrary
to the expected (CFS patients generally tolerate al
types of drugs and stress pggrly), the 32 patient
experienced a nmarked decrea in CFS synptons during
and after this chenothera change ner not
ot of s eatbed ceIANagoTIS! B BIROEORENR R St Tphgrample,
08Lbs36PFdQd for approximately 5 nonths af t er
chenot herapy initiation, with then gradual rel apse of
CFS-1i ke synptonms. In addltlon to the 5 cytotoxic
f S, éﬁﬁﬁ@ﬂ‘re ared, for
e T S i il e
exmhbtmt by onomvagmpt teebniguesmedi by einterasial wa'aaaﬁatm" for
the dru nj,st e -
examBlfor n By ARIMAEHEREYBES, nbF: FidRR ik apsules . gnd, poly

(mathy&hémylat@) umn&emeﬁ;mudb&;haespamvew piat iceHeidal drug dehvery
red durin

SyRIBME! Lo R A 0 TBOPRTE S oMo TiGBSHRERE. RiterobRfuisions,

naf&-’ﬂa@f&léf%ﬂﬁ%ﬂnéc&éﬁﬁde@xw mnAtacooerdlsidns. @dhetdachblqlules are
ansi en S I OVEeENE[ e erli en

disgloseRain RETUNDIONS EBBrmAGERIcal SHEabE 1M adlnidfBXote) A, Ed.

(198?))' B0t wed- réleésé fpeeﬁyrmﬁbam@wdeqirepamy@mlaoga eadimples of

changes reported, such as_central nervous

sustainad-afeleAsal PEERATAHPRS wﬁwdﬁem'eeweﬂ)ﬁpmwgs of solid

' SR IWHIEH weatfi 6@§ ar®fn the form
TIPS S O e

el
of dbpped adiclese.d. Bt ogmpgapgqlg‘éSExqmg[gsagf sustalned release
mqtﬁ#% al%E{u%S ﬂ%l%%ééébzs hyd Fdéielé yf?BP "%xérﬁglﬁc I'Tﬁgly@uh?aroxyethyl-
métkaalykate), mmpolﬁ(ulnwlqmqhaﬁ)r aolagtidgse(y.-S- npﬁge Noam3ihé3.919),
honeost asj s S 03cC
c°%‘¥§‘§rﬁa9t L QW%E" ?ar?éqebeo r{i‘(gctgl %‘tli()ﬁ&‘ﬁ%@@%gg 'Cgﬁﬁrr%egradable
ethye e Uany atletate, Bebratgaulemloemnd{gly@lldaaw icapolymers such as

th.the
Ao PR, [ebedtle MIGUREGARE, SarliBetSridbuc acis
glycBTid BR8P oY ey aﬁutléﬁpr)dhdetdmetatpy arid poly-lh&{s)uMddtOmbutync
B-cel |l depletion as a co t. caul IJo t.rea rt1t teril
aciGr INeCTAUEUORS tads SREHaIFr 1BF MK ASTIMRAUET! Bt cpe Sterile.
Thfgyr%treé hhé‘orﬁ%héﬁé@ﬂ Bittratith ﬂﬁ@u@@s@‘nlé figtratisromlenmtranes.
0 anti body Rl uxi mab. However, al so new

generatl on anti-CD20 anti bodi es are supposed to have
Ex§ eAISQSt a simlar effect on CFS synptons, due to a
ummed nore potent B-cell depletion achieved.

At the Department of Oncology and Medical Physics, Haukeland University
Hospital, a striking symptomatic improvement after cytotoxic chemotherapy in a
43-year old female patient with stable CFS (debut in 1997, preceded by
Epstein-Barr infection), was observed. She developed Hodgkin's disease in
2003, and was treated with chemotherapy and radiation. She had a lymphoma
relapse in 2004, and was treated with chemotherapy. Contrary to the expected
(CFS patients generally tolerate all types of drugs and stress poorly), the
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33 Pilot patient 1: As a first pilot patient, the
above- nenti oned woman recei ved Rituxi mab 500 ng/ nR2 as
a single infusion after inform ng of the experinental
nature of the 5 procedure and the risks invol ved.
Prior to treatnent, she had a stable CFS wth marked
fatigue and she was not ablﬁzto wor Kk out - of - house or
do housekeepi ng. She used af“el ectrical wheel-chair
for outdoor novemnent. Starting@&g ween f|ve and s

patignrikexremiesced remanked dgRreasse! S Erhtbrscc g BRY after this
ch%rﬁB{t%‘fspﬁmrhbn cPXHQéQIWeréMﬁob intrpruted| ¥s | resteliatd gyraphoma

creas musc ai n, decreasi g bur ni n

activity, a(ldntheaﬁftﬂe@teda'ﬁ@ﬂnf@r rappdaimately mgﬁlag@r\&h@mogherapy
mlt?%{ u\éllt“ qgerpﬁgflgglnféqéﬁééj o‘i‘F@#QQﬁbcsgym&éﬁlé Qndéﬁélﬂaﬁdo the

ofo resuned
cytbodm effeats] thas:hahltcdhetapﬁuthswme!k elsoi had wor iIMmHAOMKyIatory

effp%kpelb\cgﬁgﬁ{:m%ﬂ' l dgﬁﬁt?le?ﬂe oﬁoch%OQ\?thbrﬁs 'El?éi‘iﬁ@dtated mainly

Ion alning t

thraigh ithe drag Mvm@mexaxeeadrﬂﬁnstenbd/\a\mmamemameéapn r ead
and e.g. work with conputers. The effect after the
first infusion |asted until 14 weeks after the

widr lrléhawlihg M@m:tératurtehen @§SI innanl, atwmpbl;t o gndersiand what our
not conp ete re aps B lve

patipRicenaaun ered9uRG BRA AS" %Wsﬁemgﬂbe’aﬁ&nﬁ‘%hgi‘c'us'°" was

dofid aRhLe :ﬁcfhiﬁ@&.dﬂ oflthé p&nﬁﬁ&‘e LyBtEn? Beenfdcar ity \eaglanation of

new single infusion of Rituximab in the sane ozﬁ& Il be
thenmarked, Wétet{gns'?ﬁé sygwtemelmpRIOVemEst eéPﬁP%‘E&é ay we
tthHJcRFcir{lgcﬁvctpeﬁly acW?i&U & myfmismﬁat(érﬂél BUempoftant for the

cognitive s a major effect on the %uallt
symbtdméeandAfaiS@r phhﬁokm&ﬂidchaﬁgﬁl gaporteds Sush as Gepffied nervous

ids] 5P LSS SR Qe BBAEES i d s tion o bri

tisge ciphalneTpe covtsorseatdiag mbecleafter. 1t was t hen
decided to start weekly oral | ow dose Methotrexate
from 18 weeks after the second R tuxi mab-i nfusion,
Postilé nittiet of7a&|dmopBFcevedbpleamd Gould besitrgevenal sitese such as

mté%oiénﬁ,éfgakﬁxgt é:le?l the pé‘ |bp§¥‘ﬁ%rﬁm1#§r§l orc%%es and
in GxRBEhEIRGE tha T lRUER! o’clndnﬁ@fiamatmeﬁﬁSp&yrmaymsr m:other ymmune

She has now used M x for 22 week a _?F ﬂ\ta(\e/r ﬁ‘i ranae
homeostagis.osghens the vasoasling Rewrogpt Pini PPE@nEYe L &t N9
of BEAVIBES in b B trANRUEHOYPSREIn.and rapid as after

treatnent. However she still experiences a
gradual inprovenent in her condition. The devel opnent

TaRing“iReS¥ TBLRTRg' Hat4OMlo' BcEbEMY, Ctobether with the unexpected
improvement of fatigue and pain in the CFS patient after immunomodulatory
cytotoxic therapy, it is assumed that B-cell depletion as a concept could allow -
treatment of CFS.

At present, achievement of B-cell depletion is most readily achieved by the use
of the monoclonal anti-CD20 antibody Rituximab. However, aiso new
generation anti-CD20 antibodies are supposed to have at least a similar effect
on CFS symptoms, due to a presumed more potent B-cell depletion achieved.
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5Pilot patient 22 He is a 42-year old male, and

devel oped CFS after an Epstein-Barr infection 8 years
ago. He had marked fatigue and was not able to do any
wor k since encountering the entity. He was constrai ned
to sit in a chair nost of the days. After mld
exerci se he had nmj or probl W t h exhausti on,

i ncreasi ng nuscle 10 pain asgsheadaches. He al so had
fever sensations, sweating and diarrhoea. He had
serious cognitive disturbances. Al though being a

Pi %&%ﬁ&“q .experienced conputer engi neer, he was unable

conputer or to read coherently nore than 1-2
ASpagest piiotapatient, the akovgmegitivaad wamag @ceieds Rifyxigrab 500

mS\/veeks 2, %’m?%onﬁélg?\ 8¢ lﬁberﬁfr\gslSmé”@xbenhm?fté’lVﬁa{ﬁe of the

2°0n3 ongst andi ng di arr hoea
prasedute agd@heweisks invaleed i laﬂqstmtteameretpre g‘é‘ic%@ﬂi)'e CFS with

esponse
ma?%&%( g(éggu%g?rﬁ s@‘é&g&vrllsl \pg)rta %@éﬁ@%oh& or Hgo house-
ke&piAg! IShe abée 4 quloalnwineauahairafbomutm mqveynent. Starting

N N e
mWEhféfmtmuéymbtolﬂs Westks prefodntilye tesaf fatiguer adhmeagmg muscle

declined. He and.his f b
palp ISGEAREIRG GUEEH PRIt ikl HhiRg. A ha BRI R nheaggenes

acéé}ﬁ?gH@H' With 04 dlinfrﬂsﬁfngt Reedher promﬂalnhlge%'&:scl Dee to declined
hs after the first R tuxi mab infusion,

fatigeien shecoud BEWVIQ ForiA0 WA, TERUB % HERHISS aféd’ba%ﬁb'e to
dotm%sgg?plﬂg%&k éﬁ f ldeOWhRY of heerf Efifdreh %fenﬁl?sb réported a

starte ecover |rst fromthe diarrhoea (after 3
mamwlprmeementamt eqgnitive urctione rp@@@pgetam %tggty to concentrate

ang(@ga[% Eégﬁ 28Rb Y8 %We?@r(ﬁ? A ané'%gr 1 éfbe THa LAL& after the

o 1 pr ove. i ncr ease
first infuisiors jaspéd uatil mévwza@(s aftenine IRituxfroal lmfhléquhftb%" stgclined,

I I

witia, §fadua. 5 i B RIF R R e F S PR e 1) - he

thas tnow started weekly oral | ow dose Methotrexate

trea t
Five; s ﬂ@%eltbﬁlﬁ@?%ggma& Hﬁ‘ﬁg‘ﬂ{]i osn%éls F'ad (Hable and
dis@8fing |¢F$'s@h‘\p’(orrﬁh$ﬂbaﬁeéélﬁed @ hewl simgleCinlftumoalof R|tUX|mab in

picture with marked fati nlnludlnoqJ

thehsamecHesAge dyiR 6 e aliss e adtDce iRienePd A raual and major
recoVER} 9F8m JPP@F@ sjyghdtsﬁhs' ﬁ‘ébgﬁ@uba}fﬁ%@gmw slymi)toms) with a

owever exper]l encéd sone I nprovenent, stil

majest affaetdonethﬁecwarhéx jofy lbe. Aftesdhe secepdy 'B "?’él‘%'ﬁf’ as@ single
mfbﬁgﬁ eat%ofﬁgn% aosesgﬁphﬁglrﬁﬁd HAterapaiid bHBctliagidy BRINCAS weeks,

€ nusc
with then slowly and gradual symptom worsening thereafter.

It was then decided to start weekly oral low-dose Methotrexate from 18 weeks
after the second Rituximab-infusion, starting at 7,5 mg per week, and
increasing the dose to 12,5 mg per week during the next two months. From 12
weeks after onset of weekly Mtx, she has again experienced gradual and
moderate CFS symptom recovery. She has now used Mtx for 22 weeks, and
she interprets the improvement to be moderate and significant, but at present
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She was given a single infusion of Rituximb 500
nmg/ 2. This patient also 15 experienced inprovenent
from| oose bowels 3 weeks after infusion. Six weeks
after infusion, she noted some inprovenent in nuscle
pain. The first five nonths, she also had slight
i nprovenent in fatigue, but _transient and of shorter
duration than in the other aﬁtlents 20 However, from
6 nonths after the infusiogn, she expe nce
heredt

not: pRrRreRPuResth GRderapid A3 attesRitirpahdreatgies hﬁawévsoéhe sl
ex;?%nért&%té g{ﬂst : Jqﬁﬂgprﬁf&ﬁéhﬁﬁﬁﬁgr EBRditiaR! The)Rvesopridst of CFS

and coul d read w t hout
sympptithe isshawa uanqurﬂdt ed a marked inprovenent in her
short-time menory. This dramatic i mprovenent has now
| asted for 4 4/2 nonths. The foll ow ng 25 weeks she
Pilbhpatientg®r i enced a gradual rel apse of CFS synptons.

Heslgsah g?élﬁ%ové\%%%h%ﬁégd &%Wg\&{elﬁsb?%siﬁér 5\ tét;%'téfﬁtBéﬁ' W¥ection 8
yedfet Bgbr Heaha(il\ma)keds fatiddne raayale mtasc nageble o tdo lamywwork since
enipuent 245 da i e oA e Bt st of he days

Aftéh@l%lﬂibﬁéﬁus’ﬁ h8ridd maj&nprdﬁlembewm eghatsten, sncmaamg muscle
noderate B-cel | depl et nechani st i

paisy and J1eadachie. K5 B0 BRGTBUAL SANSEIG W90 Hpd aroea.
Heﬁ‘réd”ébﬁaﬂs 3 gﬂﬁhésdl%raéncé‘éEMhoZ@Q%e:E@fa prswows experienced

Targ Ther a wth R tuxinmb in tien
computermegmﬁem oS et une neply fo pise gneerputaiePt % é%aé)ﬁ%‘ﬁfe"t'y

m(ﬁgﬁhg{gfﬁz gtga{ag%ﬂa b"c) she was treated weekly with

trex or the ast 22 weeks, also with a
significant and noderate clinical response on CFS 5

%ng n‘?EIL gsél%fe' Moudibf 'Bfllett\f‘ﬁ 866 &h I'rrFﬂ t'l*h%t fiRg s\ptom to

a maj or inica responeater
|m|Eitdvex(3kadklseatteemfusnm) rwas: tbatlongstanding gdiargioea. Starting 6
wo, t hese

welegg pﬁﬁg"eénfé’ls?& af¢ e?xper@é'nc %ﬁ’g Eﬁ%@gléﬁgrggk FE% a\‘\”rt1rt‘ 2 pJramatic
impRAenidifan fatigue, pain, cognitive and autonomic symptoms. He was then

able to perform manual labour and enjoy computer games and reading. After
the relatively low dose (single fnfusion 1000 mg) the effect was most prominent
until 12 weeks, and thereafter gradually declined. He and his family described
the clinical improvement as significant, yielding a major impact on the quality of

life of the whole family.

Five months after the first Rituximab infusion, he has now been retreated with
two infusions of Rituximab 1000 mg two weeks apart. As following the first
treatment, he started to recover first from the diarrhoea (after 3 weeks). Then,
after 6 weeks, he reported less cognitive symptoms, and some days later the

fatigue started to improve.

The double Rituximab infusion gave a clear CFS symptom improvement most
prominent 16 weeks after the infusion. Thereafter, he has experienced a very
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10 The third had a limted inprovenent in CFS synptons

from6 weeks after the Rituximab infusion. However,

from6 to 10 1/2 nonths after the infusion she had a

maj or clinical response on all CFS rel ated synptons

lasting until now (10 1/2 nonths after infusion). Then

she had a gradual rel apse, and she has now 15 received

new Ri t uxi mab treat ment (tvv§5i nfusions, i.e. at weeks

47 and 49 after her first R tuxi mab treatne %J" #‘ fter th
slofv wedt geaduatringrasse: e ft'ﬁr%’é“ﬁiﬁmsen't‘gwfaé?blg onths after the

mf{fﬁﬁéeﬁie | en?’edr éﬁrﬁggﬁéﬁgﬁﬁg@‘(ﬁ@id S BERERINan Hﬁ@fcohhﬁﬁﬁl prior

tics 'in synptom 20 i nprovene
to heatmmam (Figuye 4).nké das naw started Wﬁe aral tow- QOﬁﬁjf\éﬁthotfexate
ﬁrt:e and | ong- Il asting response in patient 3, as shown
®M'gure 1. The interval is conpati ble with the known
degradation and half-tinme of certain proteins that can

.be produced by B-1ynphocytes. The reappearance of
ﬂ@&%&%&-after Rituxi mab treatnent is conpatible with
shkhg M%J?éérgs@idem,edwasmgcens Bftey mpdrenucisosts 7 yeans ago.

stem ce

ft t CD20 .ant i d - . .
iR Sh e e TP R HF SR ke, i pain
inc‘ﬁ}’élﬁé Neaglakhes %lﬂ@ d@tuﬂﬁrﬂc@@%ﬁdﬂepmmb syatptohw: During

cytotoxicity ( These i mmat ur -cel |l s have beg}put still

thealmniouroywswbgm@ bPweEVet experie BOTe IMBRFENG™ER
retgnf‘edoﬁ’l%m Fzﬁ[q uef XBbsOepSreq u%éme‘ht%rﬁﬁldoséﬂiﬂ\ﬁlsnahe had

gent réat nent of chrom c fatigue syndrone
matetateycigriitiveedistiphanoey enftmaderate NBISHE Pallepl et i ng
agent according to claiml1, which is a B-cell
depleting anti CD20 antibody or CD20-bi ndi ng antibody
Shir wgsegiveh hersingle inhesidn caf| Ritusimak 50§ medm™chpis patient also

tib ;
e AR B BRAELs MR i weeks
aft@mﬁﬂlsmh ng’\@rﬁotbdds{orﬁeagnmmlvemm eiof musma pair| The first five
gg,etl ol sgﬁfqrg ﬂg&g?é\%{rg he tgllnaf'eg'gﬁebl 1t ?%réétérr\] gf shorter

dufétﬁﬂm%h ihRE &her Jateeritscel I depl eting agent accordl ng
to claim2, which is a B-cell depleting CD20 anti body

fragnent binding to CD20, preferably an antigen

n g tad ihfedioh th@fdxpléneﬂnedisaimrgoofclinical
Hc@%é;vl%'r 5H% Hﬁ)ﬁ?hé@;@f@ tgv and sFv.

rewsewm@"aéestsmt@m 19 4 iatn(pVshar demetiabing et expRienced
theRI I?Eﬁn&?a@ Ihes Qt5kb& 0td "<ty Nenim@aniand celd reddewithout
problems, and also noted a marked improvement in her short-time memory.
This dramatic improvement has now lasted for 4 months. The following
weeks she then experienced a gradual relapse of CFS symptoms. She has now
received new infusions of Rituximab (two infusions 500 mg/m? given two

weeks apart).

Methotrexat (Mtx) is a therapeutic agent with known (but not well understood)
immunomodulatory properties. Given orally on a weekly schedule for
rheumatoid arthritis, one of the drug effects is a moderate B-cell depletion,
which mechanistically is similar to but not as pronounced as the effect of
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O at umumab, Ccrelizumab, GA101, BCX-301, Veltuzumab or
DXL 625. The B-cell depleting agent according to claim
1, which is Methotrexat, TRU-015 or SBI-087. A B-cell
depl eti ng agent according to any one of clainms 1 to 6,
for the treatnent of chronic fatigue syndrone/nyal gic
encephal onyelitis wherein t g anount of the B-cell
depleting anti CD20 anti body~is in 38 the range of 10

to 5000 :
RitigED d600PEIEL o By NorRO% ENGRRE of R Tgising, Therapy
wnth@ctﬁaﬁx%b' ineRicts W\Gﬂfiﬂﬁéhrﬁa‘io:ﬂ Ariedtid). #epbatkiofgharthiee pilot

anti body or CD20- bi ndi n ant i body fragne
patnmtse@ratraat 1a.h§hgmsmtm@<ﬂ. Wil with, Mﬁy aetref4] for the last 22

Wale] h f t
we%k?gbag%é \gtﬁp %%nte driC ma&%%@??gmg@%nf y@gbnse on CFS

symptorapestaiting ﬂrgme’fO w@eke@f@@sragabn@hﬂ%a. d anti CD20
anti body or anti CD20-bi ndi ng anti body fragnent
thereof of 50 to 2000 ng/nR2. 10 10. A nethod of
In torelusion, ahmajorcclinitdl geepesel after Ritwkimghltegagment in three out

elitis, conprisi
ot EVRSAIE Eghs: R iAE M L peBle o Eagogted i ater
a sdcahfRifuxihab tieatmenthacbearh bbsetved. therevvl th. 15 11.
A nethod for treating chronic fatigue syndrone and
nmyal gi ¢ encephal onyelitis conprising the step of
ThadRir8i K ai lsited) fmprovienseritlth LSF Snsyniptoos mmnm wdels after the

th\gfggr%}; ?r%pglpﬁ;s Ei%ue(ygg, lrg%yl ggo aieﬂépﬁa@dsgqf Stlpwgslgn she had
a rﬁgfo‘?r d.ﬁucfa@tré%s%y&ﬁi%ﬂr@an@lmals@hﬁ)t@ﬁ@qabﬁh@mﬁl nbivs(10 %

acco to claim10 or 11 whereby a conbi nation of a

mcmtb@afteieplfworm)g Hren sbezbadnai gf@eyab.re'emh BnAgsig has now
recildd’ ﬂg%/ Rit H\%Bt r%ﬁ%&ﬂf(t%%‘fu%oﬁ E€%fiveeks 47 and 49 after

adni ni st ger aneously, 2bseparately or
hesﬁ[giéhtuxahap tltezatmeslt)bj ect suffering fromchronic
fatigue syndronme or nyal gi c encephal onyelitis.

All five treatments of the three patients resulted in marked to moderate main
symptom improvement. For these three patients, the kinetics in symptom
improvement has been very similar, but with in addition a major late and long-
lasting response in patient 3, as shown in Figure 1. The interval is compatible
with the known degradation and half-time of certain proteins that can be
produced by B-lymphocytes. The reappearance of symptoms after Rituximab
treatment is compatible with the maturing of pre-plasma cell B-lymphocytes
from stem cells after the CD20 antigen directed B-cell lysis, which is mediated
through complement-directed cytotoxicity (CDC) and by antibody dependent
cellular cytotoxicity (ADCC). These immature B-cells have been shown to be
capable of protein production, among them the production of antibodies.
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13. The use of a B-cell depleting agent according to
any one of claims 1 to 9 for the treatnment of chronic
fatigue syndrome or nyal gi ¢ 30encephal onyelitis.

Claims

37

A B-cell depleting agent for the treatment of chronic fatigue syndrome

and myalgic encephalomyelitis.

The B-cell depleting agent according to claim 1, which is a B-cell
depleting anti CD20 antibody or CD20-binding antibody fragment

thereof.

The B-cell depleting anti CD20 antibody or CD20-binding antibody
fragment according to claim 2, which is monoclonal antibody or CD20-

binding antibody fragment thereof.

The B-cell depleting agent according to claim 2, which is a humanized
anti CD20 antibody or CD20-binding antibody fragment thereof.

The B-cell depleting agent according to claim 2, which is a B-cell
depleting CD20 antibody fragment binding to CD20, preferably an
antigen binding fragment selected from the group consisting of

F(ab’), F(ab’), Fab, Fv and sFv.

The B-cell depleting agent according to any one of the preceeding
claims which is selected from the humanized antibodies Rituximab.
Ofatumumab, Ocrelizumab, GA101, BCX-301, Veltuzumab or DXL

625.

The B-cell depleting agent according to claim 1, which is Methotrexat,
TRU-015 or SBI-087.

A B-cell depleting agent according to any one of claims 1 to 6, for the
treatment of chronic fatigue syndromelmyalgic encephalomyelitis
wherein the amount of the B-cell depleting anti CD20 antibody is in
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10.

11.

12.

13.

38

the range of 10 mg to 5000 mg per dosage.

- The B-cell depleting agent according to any one of claims 1 to 6,

wherein the B-cell depleting agent is a B-cell depleting anti CD20
antibody or CD20-binding antibody fragment thereof for the
administration to a subject in a single therapeutically effective dosage
of said antibody of 50 to 2000 mg/m2 or multiple of therapeutically
effective dosages of said anti CD20 antibody or anti CD20-binding
antibody fragment thereof of 50 to 2000 mg/m?.

A method of treating chronic fatigue syndrome and myalgic
encephalomyelitis comprising the step of administering a B-cell
depleting agent as defined in any one of claims 1 to 9 to a subject
afflicted therewith.

A method for treating chronic fatigue syndrome and myalgic
encephalomyelitis comprising the step of administering one or two
infusions twice within two weeks of a B-cell depleting agent as

defined in any one of claims 1 to 9.

A method of treating chronic fatigue syndrome and myalgic
encephalomyelitis according to claim 10 or 11 whereby a combination
of a B-cell depleting anti CD20 antibody or CD20-binding antibody
fragment thereof with Methotrexat is administered simultaneously,
separately or sequentially to a subject suffering from chronic fatigue

syndrome or myalgic encephalomyelitis.

The use of a B-cell depleting agent according to any one of claims 1
to 9 for the treatment of chronic fatigue syndrome or myalgic

encephalomyelitis.



