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-cel |l depleting agents, like anti-CD20 anti bodi es or
fragments thereof for the treatnent of chronic fatigue
W@ 981083682 The present invention relates in a fPEEEP2009/000003
aspect to a B-cell depleting anti-CD20 anti body or a

CD20- bi ndi ng anti body fragnment thereof for the
treatnment of chroni c fatigue syndrome and nyal gi c

B-cell e ?ﬁﬁgﬁé\ftb*@s kg aRE-6 020, AhtiRoRieR /s fidhme i, thereof for
the tgatmemtaf chranigfatigue FMBFéBF‘eWm ch are preferably

humani zed for the treatnment of chronic fatigue

e i i
The JBSFAMTHRRIAY LepleE MY Al aepect td'a BN BEpleting anti-CD20
antltfticﬁﬁeﬂt al CD20-binding! ahtisody feagmieint daplred)i Iﬁgr dhentreatment of
eneral for the treatnent., of chronj

Chfo@jﬁn Abaue aRYNAPANG énGnHBﬁ@Foﬁﬂ@PPt‘? alg'%uﬁ] farticular, the
pres%hirl %ﬁ@%&g@gt tﬁ%ChgaC&# aPRICK DY, riﬁ’orﬁ’i@‘fr’%‘!apantlbod|es or

ronic t1gue Syndr
fragmlentatherdofewhich are prefepallyedmasaesy torfm gaetment of chronic
for at | east ,si,x consecutive nonths

fatighe AYRIIBEIEHRIGH SURRRTAIOMIG TS, B i% SU S PLIERFd with said

dmegﬁgupatlonal social, or personal activities. Also,
e patients often experience persistent or recurrent
synptons such as |npa|rnent of short-term nenory or

concentrati nmuscl e Qi n '
in agfriEnasiactamd Hesent vkintlo. Poiahe b #-£3 Hepieting agents in
genédl FEP! tR&CItFéAtnethayft cAforitukatigul, Sindrome 199d myalgic
Ann Intern Med 121 :953-9et al 1994). AIthough many

encephalpeyelitisdn shavbiest Bfflisted tharemins in bl ood tests
or radiol ogical investigations, no biomarker or
di agnostic test exists. The preval ence of CFS

TecMﬁrngvba:tﬂ(qma.{wught to be at least 0.5 % and the
femal e: eratiois 3:1 (Wller VB. 2007, Acta

Neur ol Scand Suppl 187:7-14). The aetiology of CFS
i ous hypot heses i ncl ude
CHRGRTE FATRSU RS YNDIfOKRE

ol’ogica V|rolog|cal neur oendocri nol ogi cal, and

Chrasig chatigge Sridrohani(EmS) i ’§hehwatdbexgm:é§1ysanfun¢@ﬁ;lamed severe
presuned to be rrultlfactorlal and to i nvol ve ,bot

fatighied RETSISNOENIaT &1 193Rk DKCqIRRANYe marths, 35dey! th &' Sbstantial

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 CFS, the urgent need to
we@bwesiade t he pat hogenesis is highlighted (KepC€T/BPR08%/000003

al., 2007, J din Pathol 60:1 13-6). Many patients

suffering from CFS have a higtory of an acute viral

i nfection preceding the devel opnent of fatigue.

L th P . . . '
mecBpbRHPREOF A EReRES 4T CESTh pBY RS o Yo T RRtoral and o
involvekssthhogt &ed eabRoaiemabfaulyrsg(@enamerss fkerm2006).

2001 ; to elucidate the nol ecul ar mechani sns of CFS,

with the ains to develop a diagnostic test and also to

i | Cf .
in @ BRSPS ARRE b7 3RSy Cueqialycp oo i
CFS%EgerLﬁ‘gggem?e@(tr{ ﬁaﬁdidﬁtesthmlipmhdmgam?sﬁsejg highfighteed(Kerr JR et
i ndi catin t here ar ifi t I
al., 26 éﬁ“@r%ﬂﬁ?ﬁ?qﬁ%@éor dance Wth a gys?ung?ingneixn

I mmune response and in defence nmechani sns. One
m croarray study showed differential expression of 16
Mangepatients €&feringgfiost iGi)S Thawe |a ddstovatafoan ameute viral infection

di st ur hance of neurgnal mto ndrial function N
preceiiibn e NdeUrIoPRIST Zodalghes | ANRAURDI "88eGH. aggta indicate
evidGRBE NBF FhAfUPR rsstSinU Bicti@ition, Siid adisease! @sedianisms remain

peri pheral bl ood ‘nononuclear cells total RNA from

unkmawi e sotisbaratpien§tahs gipupr wagstasmedsan 206 1utp Etevpate the

I nfection and al f l.ect.s W | af [ :
molegliRE e raR aners Vb B Pshld AsTelod A, fabhgRic test and
alsod®Ngdidd tretdevkiopineshastdiiore $pecific areatnternte(DevymurelLD, Kerr

wer e deregul ated (Vernon SD, et. Al ., 2006, BMC Infect
JR. 2P@6sJ Hin VixabBiket3YdRe expression study in CFS

suggest ed di sturbance of exercise responsive genes

i ncl udi ng several involved in nmenbrane transport and
Sevérn gemnerpredsitn stlidiesThaes .bedin pefodBedBMOCPIS sindicating that

5:5). Recently, an analysis of ne networks in S .
there o8| S@esHifenbl s@‘i’rﬁE’lg’i;te%rr‘ﬁc GRYNSE W trhccorgla:nce with a

dysfﬁbf:fi@ﬁﬁﬂciﬁ'ﬁnhﬂ %bggﬁ@é HEITYALNSE RBEhSFYAY. tOne microarray
err J, et. aF., 07, J din Pathol). Several other
studyt shiowsdhdifferadtiab expdesgiobadf Jéngesrprivs SR suggesting T-cell

actafeaf bl 5 aighirgan?8 St LS ARSAEE MRG0 G4 rHaion (kaushi
N, etg.(h?gf, tﬁggﬁsglgﬂgggﬁea 56828032 KIfdtHE | Weicrdittay s8a@REUSIng 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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expression di sturbances in CFS representing various

cellular functions, and may indicate that the di sease
wha®asieer er ogeneous pat hogenesis. A prevai l i nBCT/BR2989/000003

in CFS research has been a sustained i nmune

deregul ation, follow ng acutg exogenous stimuli such

as a viral i nf ection. Anong the m crobial pathogens

t t CFS are Epstein-Barr
whighEPck et 0T Toend Heaska T U Vo i5: ¢ 01 6).
The §Bh&réRpredsionChat dfe nebicanditsivid)But suddests I"t‘hhhtﬂére are gene
parvovirus B 19 (Matano S, et al., 2003, Intern

eXprGfQSIQOSd@)tUFbWTC@ﬁeg'aIQﬁSrL%OVGEQF‘HGQ yanious Ceﬂ"ulafzwzctlons and

may @dlggf’eafl‘ilaq té&o%sgés%{?\ |h|r&g‘%'%§; lﬂg 6%@@99 &%{gapenko
Komaroff AL. 2006, J Cdin Virol 37 Suppl 1: S39-46),

Chl anydi a pneunpni ae (Ni col son G, et al., 2003
A pravaiiBg- dBPMmeoifey &FS t FRSeRch dias néfeea?on%.§Hétﬁmg31 Immune

dereéﬁpatt%nNEIo@Wlﬂgs a%'c:lte %)8 é)l ] pﬁﬁnuh”’@ucﬁoa% a ﬁral infection.

ecent ostin at1 gue syndrone foun
Among dhéffmembeal Ipatbagamyore:gdrtéd ne ;hmoca&stqcmtedvmtm CFS are

costroRa JrB (L Eo it R, HhcCuE Bl 4P G (chia
JK, ERH A¥ 2o ffcélir?'FSatﬂé 7%%\/"6% he{s Qha¥amot Batet al., 2003,

espite evidénce e activation, as denonstrated
Interby Memtréaﬁﬂzﬁ ﬁmn‘mgtomfsgalnwm dbemerelAM, setd adl, e2808d In Vivo

16:15 45 oo e e S M4 B, B4R i virol 57

SupﬂytpSQWLS’ltYKéﬁférbff‘Wg'ZHDd i 1y defin Civeieti 89 (Slappir ceS39-46),
" Ann N Y Acad Sci 933: 185-20

Chlanitxﬂjat @mewmo@l:aendhb@qalssﬂ Gkcwtatalng Zﬁqajrr&Rf@&St e11:557-66).
t .
Howg %Eétggl%% 8$ aﬁﬁﬁggﬁﬁﬁﬁ%@e WNE IS 28 gd 2000, Herpes 7:46-

as conpared
50).controls (Tirelli U, et al., 1994 Scand J | mrunol
40: 601-8), while another study showed reduced CD56+
NK-cel I's, and reduced CD4+ and CD8+ T-I|ynphocytes in

Are mrﬁu%%ﬁgtﬂtﬁo%ﬁﬁrﬁﬁg\z%}féti@%g%gé rpeipgﬁd A Hlfﬂec{ences in ex vivo

cytolNKecqtdosiuf;tmm C@rpat | ¢Rireonty epéoadd 89 expipwed to controls
oo S e Al TSRS B 2l 07, i tnvect
Dis 4%!2i2%) COthers claim that despite evidence of immune activation, as
demonstrated by increased number of activated T-cells and elevated 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 CFS patients were found to express lower
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One study showed several abnormalities in |aboratory

mar kers associated wth i mmune function in CFS
WP2a0pesae82 (Kl imas NG et al., 1990, J Cdin M cPGHEB009/000003

28:1403-1 0). The nost consistent result was a | ow NK

cell cytotoxicity, but also gan increase in CD8+

T-cells, elevated nunber of CD20+ B-cells, and

Ievel(s/ljgfr tf\%sﬁlﬁrggeilﬁaarl gr%gyldﬁ ?)V%:eirtt g%gﬁ{?m aégg:g?iggg%ge&@ged ability to
med@té%%ot@btﬂig%t ed by a study reporting expansi on of

activated + cytotoxic T |lynphocytes, along with a

mar ked decrease in NK cell activity, in CFS patients
One%§@§§%rh£%e§§e9é5aén ﬁmﬁt@%ﬁfgﬁa‘fﬂra@@ rfpllg{@g%?issgﬁéated with

immgaet fupicsion’ BP GRS dpattentsagikiimas pNEssebml.of 19989JoBlin Microbiol
T-cells and NK-cells after mto i mul ati o

28:1605r 1)), (11 EWS GPNs IPBb roRAL W3 %Miﬁlﬁfeycwtegqx'@ﬁv but also

on g 1 OB ARy el col, and v

in th%SBégzéH &&bset—lmmxpresslhg apze andl(ﬁﬁﬁnéﬂdnaegeﬁ at |1960). These
S t d i .

oote e 5 SR SOEP koS0, 3 MHESIBIRD expansion o

actlv%?é Q’.EDEW\@:)ItBtcﬁﬁé’ﬁeﬁﬁhﬁﬁocﬂélst lalbify %ﬁ{rﬁboﬁ'ﬁké‘d‘djecrease in NK

contr found no difference in T-,
cell m&tmueyl ins Gl patieRt {Basker kD eteal. al 994260 Imjleph mipw Suppl
1813@%1}1 141 :326- 32). Slmlarly, a review of the
})| ogy in CFS concluded that the studies perforned
in the research field had varying quality, and that no
consi stent pattern of inmunol ogi cal abnormalities
A reggmtdswy] EORMp aniRg @Eﬁamatmntgtagqi conlpols, reported decreased

expre ﬁ?ﬁ%ﬁ Pgﬁ' Zg;%“?%]r&@b@&g I¥V!atf{érr}¥[i8§?ﬁ%e fulatlon in vitro,

0 en
mdlmm@aatdhs@r@eurmnaat edrg ahﬂwdtmnoproe}uowmmmumlty medlated by

NG IR A EI o e e

scientific data. The aut hor has al so suggested a
simlar nmechanisns in the aetiology of fibronyalgia,
Howeuét,i thee daw mshmmr&ja!myegulapibhcinl é?tF@ alre sudtecomsistent, and a

Par ki nsan' eas u deat.h syndrone .
StudWASSRBENG] HPTRRV S SLBPRILAT G S@aTRAL JadBast Jebatients with
depr%ardwerahutgﬂé b idids fb‘hd"ﬁéﬁﬁﬁ?%orﬂﬁﬂé Ofd P Hidt HEference in T-,

i mmunrmodul at ors and neur ot r ophes
B-, or NK-cell subsets (Robertson MJ, et al., 2005, Clin Exp Immunol 141:326-
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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may explain the conplex clinical pictures of these

di seases. However, no autoantibodies to these
WoRWPOPM | des have been docunented in CFS. OnRCEHEPR2#$)9/000003

i nvestigated the presence of circulating anti-nuscle

and anti-CNS antibodies in G§S patients and controls,

Wi th no deteced pathogenic anti bodi es. Another report

amy BlraPBid Jatera" SRRy LAy e 4/SREsEy Uijd SEhgE} Infant deatn
syndebiie Bypothesiziply #74: dbfoinfhunithi dgaiasovbsdactive neuropeptides

_investigating conmon autoanti bodies and anti bodies to
actings @sohosmeRes;, cnernatnsmidiesse dnAyHepdulatess @nd neurotrophes

my 2G4 e LSRR 380501 581 28 owever e
autoBnsibdd s toAtHiseheusipebtidtisonek beenmasanenterf in CFS.

aut oanti bodi es to nuscarinic cholinergic receptor in a
subset of CFS patients (Tanaka S, et al., 2003, Int J

Oneﬁugg/ﬁftﬁivéggéét?fgﬂ? r@%ﬁﬁbkghﬁ clrgpg}ﬁgoénti-muscle and anti-CNS

'e cel ntigens were
antib@tiest ¢l ICF £FPadients mamde dcomtraisnt withs e oetéted c pathogenic
A . et al 1997, Arthrjtis Rheum 4

antiftesligs cAnotlifr SRt R AtuicTeal R BROLORAES BbRES FeReluded that

ther?%ésTEBfaé iRi6S 8KBwera IR BOIENDOOAUTHANE KD ARIrBENOPN 29:354-
or T-lynphocyte-nedi ated autoi mmunity. No indirect
8), ehildemrothers ingestigating t bemoFe davtnandibodies, and nantibodies to

neuSReReplie) SRUBERCabtouAe QIGTe" EES; BF AritfiRies o, gricrotubule-
asscoiGhlcdefrRimD AHPISBDNE Al EFE §Vennich aSDeRedves WC. 2005, J
protocol for a Cochrane review of pharmacol ogi cal

Autaimea e Blis i2:5CHS singleestuti shawed thry presengsk Rbagtoantibodies to

st GNPl Phoep ), o TRSRRGS GRS PSRRI S. ot ol

200%00¢ht anavbit ieads & 2022 530)e nand chighereleiels sstieautoantibodies to
~ Art. No.: CD00681 3.) O her hypotheses for CFS
insojie sedian antigens Wi rarantadin &F3 @sceomrard fagpntrols (von
. e . . m% - Bydan is 17:89-92),
M'ken%é:uerol’?éiaclél t'ﬁggﬁﬁ%H et al@'bzzgc%;gw% in Diagn Lab
I munol 12:52-5), neuroendocrine (Van Den Eede F, et

al ., 2007,. Neurgpsychahi ol ogy..55:1 12-2 t [
HowgyehysHg i GIR evlae0oS Y hsisdpAtiiatd ol o presence of
1 . . | . _ _ : .
patr N Bl or 9CT-YRHpRLIAEIE: dofnunty. No
indirect evidence has recreated the CFS disease in an animal model by

immunization with antigens analogous to (putative) human autoantigens.

CFS is at present not defined as an autoimmune disease, and a recent protocol
for a Cochrane review of pharmacological treatment in CFS states the aetiology
as unknown. (Rawson KM, et al., 2007. Pharmacological treatments for chronic
fatigue syndrome in aduits. (Protocol) Cochrane Database of Systematic
Reviews, Issue 4. Art. No.: CD006813.)

Other hypotheses for CFS pathogenesis are blood platelet dysfunction
(Kennedy G, et al.,, 2006, Blood Coagul Fibrinolysis 17:89-92), neurological
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D sord 90: 141-7), toxin exposure or prior

vacci nations (Appel S, et al., 2007, Autoimmunity
wages®se) . O hers have focused on an abnor mal PEEEPSAYE00003

to exercise with intracellular i mune deregul ati on as

a possible mechanismin CFS gat hogenesis (Nijs J, et

al ., 2004, Med Hypotheses 62:759-65). Also,

(NatBRS o i 501 2hBB R P B el Bl Y14 854 A8 ocrine
(VarPERh Fle@ROFedtas, Im;ort Neurbps *} matdgypbsstm -00y, mfetabolic or
CFS (Puri BK. 2007, J Cin Pat 60: 122-

4
autoneptat disturkarcem (P8 |qharrm%m>'jst}mqtmrs é&%@@@%t A, et al,

200 W 50 dle BT PR ANBI GRS LA 0R ) A

Disof@: 9064117y, tBxinexpBsums orlprior20@€cinhtionst(Appel S, et al., 2007,
367: 346-55). Thus, no consi stent plcture h

Autoimmymnity #8123y QHersabavedecysedopnces, aa%ﬂf%mfesponse to
exertRe WHN InthcSitaPifmnh Gné r@%ﬂeﬁﬁﬁtﬁgn Koy E@lgglb@é rhB&hanism in

exact pathogenesrs, and nown cauSa
CFSrrbetmgermsus h(eles iJs e1toa¢ur2@ﬂ14 Maﬁwd—&ypbthpee*sfﬁsz 759-65). Also,

o mbSrSE ol RSG5 SFNGEpBoR) 48 %ng-chain

dh ha%ids OMakl OPEES S| gqul t h
pOIngﬁs%u?ltat F%ESP n(%lnglggvm ltg%@behqsf)gﬁrg a”sfdlmportan n the

pathophysiclegy df é:d’cSrélFlurl(EMéq%O?ed Gin Patiod, 6 iR 2rBadapt
Med Phys 49:337-47, 418-27). The unknown aeti ol ogy of
CFS is probably the reason for the remarkably few

Hengé UdbEsntPrsviensedn EFF utreRBwnn g @inald 338 umntrae disease at
bi ol ogi cal hypothesis. As the majority of evidence

presengdast an amlqnmmeagggt(blmnmtp@gm 3006n Japa REP2915; Hooper M.

20081 SEC, BelthHgERE TISCPANE 1 B4, ol Tlfae240.55).

Thu&h%o comeisteat pldtaﬁfhaermﬁérgéd féw e petibloglysand pa@iréygenesis of
fol owi ng an acute parvovirus B 19 infection, treated

CFSwi t h 5-days intravenous i munogl obulin, with
i mprovenent of clinical synptons and resol ution of
cyt oki ne dysregulation (Kerr et al , 2003., din

CURRENTt TREATMENT OF CHS In a doubl e-blind,

DueBianfiea dank S HNANIEHEE” Bhite SAchIHeSBnSgmARg Biih ng known

caud¥i"Re8hd¥RRn? BN MARYfentdthRdard specific treatment for CFS. A
systematic review concluded that CFS should be associated with a
"biopsychosocial model" with emphasis on progressive muscular rehabilitation,
combined with behavioural and cognitive treatment (Maquet et al, 2006, Ann
Readapt Med Phys 49:337-47, 418-27).

The unknown aetiology of CFS is probably the reason for the remarkably few

studies performed, evaluating therapy based upon a biological hypothesis.

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



10

15

20

25

30

functional inprovenent in the gammgl obulin-treated

group at six-nonth followup with average duration 18
woreiwwis3cod n the first six nonths of the trial, PODEP200$1€00003

pl acebo group and the ganmmagl obul i n-treated group

reported i nprovenent (Rowe 1997, J Psychiatr Res 3

1:133-47). In a pilot study reported in abstract form

: . 20 , t = th i Ca: i aii

wit (PSRN o, B8 AR i LA IR ORI \ah 5.y

intraRahb@st smmurodlobulier ewigh v émpesvaraentpof (diMical symptems and
human tunor necrosis factor receptor. p75 Ec fusion_.

resopyitianeph cytaien dvsregulation) (egb /bl i t%@é-wﬁﬁﬂéezﬁ?w's 36:¢100-

6). 1A% 'Jb%qﬁ&-dlirﬁ'a', %Ecél?@-c-gwffolfé%d'rghﬁgnﬁgéé Wady 'FSPP HRlescents
and a clrnical "benefit was reported. ng o¥her

witht(tlléSamthstdeé mfasionseol gﬁn}maggmutihCWer/élfgim omeeochandh apart, with
t t t t it - [ [ .

funclipBahy BPTRNEMRy 91 1hsORGTERSebH e piet) rarElgy at sbemonth

fo||olﬂ}ég€fl~i'ﬂ?fa%$agéfd{ﬁaﬁoﬂaw MbARthARA IHEPFiRMESTR Thofthd BE the trial,
synpt ons, ho

ver wth uncertainty as to whether the

bothefthectplavebe wgrdupt emdt Htheugiammaglobulimndtrestedcigroup reported

mprgNEGIoP ARG 087 Sy Bih atr dEFa: 19 #h) ast tnr orycin,

an antibiotic with i munonodul ating properties, gave

i nprovenment in 59 %of 99 CFS patients (Verneulen &
In aSpHot studpoepostetr imabsirartaf@nm (Lampiecbt 2001, eMegling of the

s SRS AR G BR8], Seatie) si

pati@teONItRIEH St wek@ dise A retahersaste(Exviteredi, rige.ohutiz® tumor necrosis
nol ecul ar pat hogenesi s of the di sease, to test usefu

. seas | .
facteyi oeeemer sp7ankic tfysiar nrateine WRIGE| tspRegolulespampetitive. TNF-
e Vak b ul : ' j e imi
oo RETD oL AHILINTINED) Biod SR LEHGR: RespBbe | ke cnca
bengfitngasxppetedon anal yses using microarrays. R TUXI MAB
AS an EXAMPLE of B-CELL DEPLETI NG ANTI BODI ES | N BCELL
LYMPHOVA AND AUTO MMUNI TY Ri t uxi mab (Mabt hera ,

AmdﬁﬁT%@ererhﬁe tiHDgﬁ%lt%’%iléE, apdlghAeicislif ewhsd uaeai nst treat 12

eplitope 1n the extra ['ul ar “portion of the
patientangitietbngrstandingcfatigueDaod alavated abtibgdy-ditees to Epstein-Barr
virusg%g&ﬁ@%nhHgPpnésm\)/H%g-é,nami r(m:irr]1et ngdfiFna %?/EFneanrlt !)p?ﬁ]e symptoms,
however with uncertainty as to whether the effects were mediated through anti-
viral effect or through immunomodulation ( Kogelnik AM,. 2006., J Clin Virol 37
Suppl 1:S33-8). Treatment with azithromycin, an antibiotic with
immunomodulating properties, gave improvement in 59 % of 99 CFS patients

(Vermeulen & Scholte 2006, J Transl Med 4:34).

In a recent review of current research priorities in CFS (Kerr et al 2007, J Clin
Pathol 60:113-6), new studies 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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(Fab) part is nouse and the Fc-part is human. The CD20
protein is expressed on B-1ynphocytes, but not on stem
W@ 200098302 on the mature plasma cells. CD20 i s BCHEBP2009/000003
expressed on the vast majority of B-cell |ynphonas.

CD20 is inplicated in regul agion of transnmenbrane
cal ci um conductance and cell cycl e progression, but
the precise function is unknown (Janas et al 2005,

Bi ochem Soc Synp: 165- 75). Upon bindi ng of Rituximab

RITUXIMABOAS A EXANPLE céf B-OELIKI DEPLETINGEANIIBODIES IN B-
t hrough the bindi ng of corr&lemsnt to the Fc part with

CELb.dt.YMﬁHQMA)fANlHeA SRHMMUNITYascade, and al so through

o A PRI oLty LY B sane

an epitopeLincthd exteeellnRir poitRImafithe teansherbraom triwecule CD20.
pl asma nmenbrane after Rituximab binding, which all

The antibagyde laoehimelit huatgn-mptrﬁ@r H whlcﬁhth%ﬁasmentﬁntf%bmdmg

(Fabéﬁﬁiﬁ%ﬁgolf&e? IéO}: ?ﬁ’él}lf Tﬂ_ﬁgtn[ggb argfeem is exd)ressed

on Btl@mpﬂocyltasnbmcmra fseempoellssongnFtheuwatmb plasma ceIIs CD20 is
conmbi nation w th chenpt her Ri t uxi mab

also pypsesahi oy the Yaﬁdmémr'tvﬁp%zﬁﬁ%i' lymghomas, ClAd0isimplicated in

reguﬁitﬂﬂpﬁ? ‘i’?arfgr?%@%%ggrgalciﬁm Mu‘c[ﬁ“é@’%ﬁd%@[ altle prcl)gressmn

survi val conmon type o ressive’ B-
but thenrecisss furatiohuiseuhknayen BJaras eltyihﬁlﬁ)ﬁﬁaﬁlomm $oc Symp:165-

795). aﬁggﬁln\t/)ym?oégfp# %{t&)télma%b ﬁ@%EﬁhH@mgpF%: 35'ﬂzk(illing is
medl-aﬂ@&%r%ﬁ"th@ BiAdify of oorﬁﬁ%rﬁéﬁptd fhé e past WHPTEBtvation of

I ndol ent Tynphorma (follicular |ynphoma) (Mrcus et al
the zocrmleme;udcae&aqe,larma)alsmtly@lug t @gtivatipenastippdy-dependent

e e VBRSSP A P

infusions every third nonth for two years, show ng
i mproved overall survival (van Oers et al 2006, Bl ood

The T08le3R4E -BBEE ot |Interreabm qreahg frpmuihenpiasig prestlepne after
thu%%ﬁ)e bﬂ{hlﬁéh%tléw‘%llb er‘ﬂ% népaﬁﬁ'lt) )?Twﬁrb%rsst on the cell

I'Seases ere the - p e Ion'1s o

surfass s eaterd thd innmurriollasgucal aftapkovenent, e.g. in
rheumatoid arthritis (Dass et al 2006, Expert Opin
Phar macot her 7:2559-70). The list of different

The qggfigggﬂuip&cmra%e?ﬁ?dé@gﬁ'ndgh%%ﬂgwg'ﬂg?rﬂ% Kas I:en?)erged rapidly.
ImmBhoshemotherapy using Rituximab in combination wnth 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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12: 2546-67). For future B-cell targeting and
depl eti on, the devel opnent of antibodies to specific
wW@2@e108368bsets wil | be inportant (Dorner & LiPSkiP2009/000003

2007, Expert Opin Biol Ther 7:1287-99). The rituxi mb
antibody is a genetically quineered chinmeric

mur i ne/ human nonocl onal anti body directed agai nst the
CD20 antigen. Rituximab is the antibody called "C2B8"

in US Patent No. 5,736,1 37. RITUXAN(r) is indicated

In rdctintt {@arls’ RitIBRawiwaatgrontd W e ael éﬁ@edv@rtreatment also in
refractory | ow-grade or follicular, CD20-positive,

autotramuneo diseass, ere[%/rrbﬁoBmPe”I depiatian Aegiten s%seplated with a

clrnr Lrgfprrggﬁ‘ﬁ"deéﬁeﬁt yses |<?ta‘?ﬁ1rrt§ag) P{%P'%E)?Gb'%rt Opin

Phaﬂrﬁé@@tﬂ@r@ﬂﬁl‘igﬂmt Tchipfhsﬂ@Iﬁtdrﬁyt@itoaumrmyntﬁr@(a)rséﬁﬁs‘ in which
et al. Blood 83(2):435- 445 1994)# Addi tio
an

Rituxigyatgir@ﬁ fi él’gqrppg@ltlpvrqu qsnggg\gg% z et al i‘oa yFront Biosci
| Al t Al

12: zrggéent FSIEQﬁB&%NP §§I|h ' tar etéﬁgsﬁﬁ%dcfg%lﬁﬁo@,e%@ deVBldpment of

antibodiesrtol $p6@¢rﬁ¢lB’-@erémasmrllt betingartanth{Domiere& Lipsky 2007,

i ncor ora S nd to i nduce apoptosis directly,
ExpeihiQRi cﬁ'ﬁ’jarr?‘ﬁﬁt% ?fﬁ Q%)and CD20 anti bodi es do not
(Mal oney et al Blood 88(1 0):637a ( 1996)). Synergy

bet ween RI TUXAN(r) and chenot herapi es and toxi ns has
The alisxirbabnaotibedyeis ex geneticatinl eygineeredr chimerig murine/human

monpgANRna US| dike S8R, Aardial, 13t o P2t Flighs” cRituximab s the
antutrtraspwlbé& g2 BEPHR.UYPatbht Ndilmhsbersm RIDUXANG ig irditated for
Dem dem et al Cancer Chenot herapy

the Reatmghirofapstientsaiveth zetapsedy of sdractenoow-gradey pydollicular,

Cngr ecéet \Zé g E%fl U'gérf Jpq‘ﬁngh r| prLer al Iﬂ?)l oogl\l(r{e)chaﬁnsm of action

studlwﬁrﬁvea@@nb@rﬁkﬂrmdr @N\atOfRICHU‘)QNN@wﬁndmrmﬂiy\an complement and
resurrabl)é(throu gh conpl enment and cel |- nedi a

lysep dypebeid B reflflinas Hrrousrho%mgéw)%ntrs@p@méept fygfatpricity (CDC)
(RefP@% it %Ioggmdﬁgg)e %@ééﬁgggﬂn%ﬁﬂﬁ%w nigé@@zzggmfrcant activity
in a@ayéfmanﬁﬁedﬁ-d%ﬁﬁsrﬁféht calhda6 cgBstoxXicity GADGE)l Mareugcently,

RIT@)@.&% ﬁgglsgﬁgggl%\ggﬁot%/% 9725&6@#@@%@6?%&?85 uin tritiated
thynﬁ&f?%/s 043%6%“%" (ARG ésgﬂd% ?Hc)uceuﬁp%*té%lﬁ d¥ectly, while other

and WI)O 09160 (Gl Lopez, A );
antrVMI)’[HZ&MdZSCDGQ landiblodpes 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 cynomolgus 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 White); WD0O0/27433 (Gillo-Lopez and Leonard);

W00/ 44788 (Brasl awsky et al); W01/1 0462 (Rastetter,
WQ@2009/08%602./ 1 0461 (Rastetter and Wiite); W01/BRCUEB®09/000003

(Wiite and Gillo-Lopez); US2001/001 8041A1 ,

US2003/01 80292A1 , W01/ 34494 (Hanna and Hari haran);

US appl n no. US2002/ 0006404 and W002/ 04021 (Hanna and

A N T

2002501672881, N. US USzaoeionmsM& 20Q3$ 01 209370082172 Al, US
Hari haran and Hanna) ; no. US2002/0009444A1

(
2003(AQ95863/ @@8848( @DBVQ)MTLQﬁngI Af\ndmm 0eB5);( W t Batent No.

o045 90 OTASTES (TR A7 VSRR ey Lover

and ( BMﬁieaws NN@@O/&W4B3VWG/rm39L2&5ez( Redrid andedianidds) wus)0/44788
86Bl_, and W08/ 5641 8 La(5n el &
(Braml@s%@lx A@IQM/SO)%ZV@WEE%AW mavmoog 461 (Rastetter and
9/ t 1 us
T i v

USZE“/@V%%AQ’S \(\ﬂ@tllns/69|194elt(l-l=ain)1a \&eD/ HadGifardiey; edkS, appln  no.
L) 77 t ). W001/ 03734 .

US2pepi9qRAtspean t@@&@@%ﬁ%%ar@s%ﬁﬁw@aéémpp'n no.
USZ@ggOOZ/ g5 342 & @W4@B@St @-Panr\léS ApH nugo. appln no. US

1 97256 Grevva(? Appl n 'no.  US 2003/
20050058828 A{ PHesna, N.)) USanpdzmmn l|>l|85206351315)39277lsw (Harlharan

and SHEBRRo LIS apaft i, Uy2af2/B008a k1, carg SwdB1/é¥sa (Grillo-

Lopé?z_ 55&2 $0001799858 L(\Whited. dﬂlus In 6nol 2&2002/0128488A1 and
852BI f(Robl nson et al); at . 6,410, 391

Bl
WOQZi@amg@scH%e fet Mu))WQGR/PE08HS M«Braglazxﬁ&kysesm aéad/V02/096948

Brap G, o8¢ ATy S 258 Refh o ahicPauisdy s gatent No

617Ap$?%mobawﬁzvgaeglsa$980 %Sﬁ??sﬁ‘?m’eo WlﬂVDl9858964 (Raju, S.):
enper an nse \WO0 t

WO TP RIS W%@/ﬁa@@abw Batook N 610485181, US Patent
No. g@%g%l nd@“ﬁé éoggb’%gﬁéleah?%s dg%@ﬁt?r@é 6,538,124

(Idusﬁgléprdtn alp. WSK]IB&QOUZGE(B’t@éIa(V\ét)neW@lﬁ)zﬂ)/tBﬁ't'%ral(lﬁ)er et al);
Woé%ﬁédﬁéééi'e s el i )USUS 38560 (é&%ﬁ’ébfféﬁ%m and
WONR794480er R EHLRN0UYS Hbpin no. US2002/0197256 (Grewal, L);
US Appin no. US 2003/0157108 Al (Presta, L.); US Patent Nos. 6,565,827BI,
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.
6,224,866B1 and WO0O00/20864 (Barbera-Guillem, E.); WO01/13945 (Barbera-
Guillem, E.); WO00/67795 (Goldenberg); US Appl No. US 2003/0133930 Al
and WOO00/74718 (Goldenberg and Hansen); WOO00/76542 (Golay et
al.);Ww001/72333 (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);
W002/102312 (Engleman, E.); US Patent Application No. 2003/0068664
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and US 2003/01 85796 Al (Wlin et al) ; W0O03/061694

(Sing and Siegall); US 2003/021 981 8 Al (Bohen et
W@R()09/083602003/ 021 9433 Al and WD 03/ 068821 ( HaPGSERP19/000003

al.); US2003/021 981 8Al (Bohen et al); US2002/01 3671

9A1 (Shenoy et al); WO2004/Q32828 (Wahl et al), each

of which is expressly incorporated herein by

Y Ry ]

and Uig%omsﬂo%ﬁ%&ﬁ Wo(wbéteé| awm/esxsgw%m &ild Siégall); US
(Meyer et al W5/ 03770 hat et al US 2003/ 021

20031@239%8(4% ent efl pl); JABEPVORRS1 943 A IReNdXWis 03/068821
(Har]The R TAT pr%?b&;ﬂf&ﬂﬁ@&%”ﬁ%ohgnt ' &AL RNt Y8 oBiEe! $6710A1

ased on experience

(She%di'afeftlb eWUZD(ﬁW%QBQSD@WaMtét (dmveaahlgdaf 2066h & expressly
Rhéunmat o g 2%) In Iymphoma treatne 1'&
incorparated hms@u@r Yéef%fﬁé‘tcﬁo efuralsg; Y Do Pefent NonB,8¢9,898sand EP

applb %gggbpmrg 3 ?Fa -fig8t Pafé}HsﬁG sté?;ts‘?'g 8fid EP332,865A2

atrents wt
Meyteﬂmlid Wéﬂem l(JS@I 4)861, 699y MHes, etLaa‘);WVR%/GG?Nﬁﬁhat et al); US
j c.reactions may be seen during the

2003/92091433 '&|o(uﬂ?ri§?"t %Eaﬁrotel n nature of the Rituximab

nmol ecul e. Concern with all B-cell directed therapy is
the anticipated effects on hunmoral imunity. Wth
SAFE)T[\(%PMFIUEQWTU)@INMBn parti cul ar wi t h mai nt enance

The >$@ 2 rreg%nﬁeepf %{M%\%&ﬂ]ﬁggéﬁ%w? hr é\égh%%st i¥%ell known,
and ?Jslé)&' Bﬁké)éﬂ%fr}éﬂdénﬁoﬁ’{%" datdBdgd W‘-Pt%kiwotd@o %a@n@n'ts (Kavanaugh

'etron I's nore pronounced and nost patients w |

20061,aal' e’i{h@kpngww&gbpibm’ i18e23 h. InHymphamattreatmsnt] mlgl«j,o époderate

RGPS Py B o PSR, PopfGpAoloRHRLC causea by

cytokihfee?élbﬁgé pm%r tne aténtsewithua migleingtidlerimbr durder (Solal-
tuximab is t evel opment _of Interstitial |ung

Cell@msé’é)é)@ ek Res éOp&U@ﬁ! i1ab§-21) Allaigicafeastigns may be seen

curif G R e M HrdRP AR e ARuSEE mtegule
Herratol 82:916-9). Safety issues related to

Conggm Quﬂnﬁgnféeﬁfﬁﬂég{erégfr%%g&c@% Olﬁgguc@tgqli S%g%gs & humoral

lmmﬁﬁﬁy. RhatH  Saendeldn treatment, and in particular with maintenance
treatment, i.e. infusions every third month for two years (after induction therapy
with perhaps 6-8 Rituximab-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, Am J
Hematol 82:916-9).
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Rheumat ol 20:91 5-28), and with less tine for
followup so far. The long-term safety therefore

WO 2000/083502 0 be clarified, especially when R tuRCTEE200%000003
to be given once or twice yearly for many years. For
patients w th autoi mune di g@ases, Rituximb infusions
are often given twice (a few weeks apart), and this

Safeiﬁﬂ%ée@egs? é%rl%et? Sggﬁggg@g&? %{%aqfne@]t% %ﬁﬁgﬁ@gﬁtgﬁ?gu?&diseases
are bh?l(ﬁfw tint &lirital wmxesa(mwtar@rar at i2006)f Best |Pr@Ibt MRes Clin
i bodies able to deplete B-cel)]s is used in_cli

Rheumaipls 282 82 B). 99@@@4%6%5 Fimasiod folowrdb 89 fare A he S fong-term

safeﬁ{J %}e‘?gaé""a{ F{ﬂeg}go%x{:l%ﬁ%rds &é}ﬁm&%@ ?n Rif@xiftdd ¥s to be

givefd an@esm ttivide iyearlys for eaanyl yeals cFonipatiertsi witb autmmmune
B-cel | | ynphonma n ze

|
diseanes bBUYNBRAP HBIURR S GHIRPHEN BIVER dWicS A B WF3E.apart). and
this Fﬁg @e'm b%olte?éfatgdcéﬁér 6o RldntRs, PEdcehsldbFhbly less doses

ore even nore effective in the treatment of
thaandgMqunmmmmmts Kiarthe shodit detm).Furt her, it is
presuned that they would display |ess site effects
t han descri bed for Rituximab. Various reginmens for the

Todé;&eai:1 éﬁer‘éhbﬁnbf? afnéﬁ o2 oS uRtbedRshavke b@edeplete B-cells is
este For exanF , 1n US 2007/ 025375 a comp
oy

used lrearhnmaﬂ tealscamd ivé esuaably e used in dbe rﬁélmcaifpractlce within

patlent sufferin n d
the nextoNe @B?Tprr_e gl:g FH% Q[aﬁd‘\r{lg%lﬁ's a?élrgnFE%PS?b antibody
Ofatmﬂd}ﬁaﬁl I@"faGla*éLSHwﬂMLIané hie yrsently aipt chhhuml tJ’iaIs for B-cell
S/ME there is a continued demand for_ conp

lymnmgnefans&arﬁém umanized éﬁf'r@ﬁtsz\an@hgdylﬂf tQP “next generation
are %ﬁ%ghbﬁ‘d 8. Pésdlp%péeéﬁnhdrevﬁﬁér‘&n BTegllpcﬁ@ﬁl%ﬂbn and should

_ I'onh ‘ai n& 1 h providi ng new conpounds applicabl e
therefbréhbeté\m meoie effecitiveninc thattreatenentndf @veell Ilnmphomas than

articular, the inventors h ound,that B-cell
thua@aﬁfu Fﬁgha@ém%Prm{aear{h?%ﬁb%ﬂﬁ’ 0'3%9'@! less site effects than
atment of chronic fatigue syndrorre
des%ﬁ&br‘b’?gwlmée@ant -CD20 anti bodi es or CD20- bi ndi ng

ant i body fragrrents t hereof are nonocl onal anti bodi es.

Particul ar sai nqcl aonal | bqdi r
Variffaifaansn i B L e A G 0G dagus S have been
suggetb8CFor ékample, in US 2007/025375 a complex treatment scheme is
provided for the treatment of patient suffering from chronic fatigue syndrome.

Said region comprises inter alia the administration of milna cipran.

In view of the unknown aetiology of CFS/ME there is a continued demand for

compounds useful for an effective treatment of CFS.
Brief description of the present invention
The present invention aims in providing new 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
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is also contenplated in the present invention that the

anti bodi es may be present as antibody fragnents which
wWOoreg0908302 be produced reconbi nantly by geneti cPCT/EP2009/000003

engineering. In a further aspect, the present

invention relates to nmethodsgfor the treatment of

chronic fatigue syndrone/ nyal gi c encephal onyelitis

t th ticall
eaGFRLOTLRRICTRI BRSSP St 002 Lger oL 0
Pref&atﬂi/ | teeplzeiti-CO20tantiBsfleantr bcmmblrﬂjlﬁ@Zénbbody ngagments
asubject afflicted with said di sease orqs{j éé}l
thergpf dreddseppplangh antibpdies: afiaricagupeeferred. g gay ;monocional
ant@#ﬂ&@ HeARneRiled Bigipdays Wkdﬁflggéeﬂy ﬂPhGWF‘arf Qlbjects. It

rée patients over a one eriod outlining th
is alfd fo@lmampllaitbelrVrenMeormeseatmhyerlemmhm&bme) antlbodles may be
Met hot r exat tom score of

CES
presgpt @s Bt 'Pﬁd&hf/%%gf@sn&? VOER T3V 8r dien PEOUSHR rRgombinantly by
e 10 refers to very severe synptons of
gen%@;@ﬁ%et a?ﬂﬁedd description of the invention The present
i nvention concerns to B-cell depleting agents either
-cIIdeIt'n bi ol ggi cal entlles |
in adnigs e b M pe T RN tAD s epiRinBde R YRS reatment
of cﬁforﬁ{:‘qmlﬁéé SHdrbhRImydldie éﬁ@ééhmhﬁ}élllhlgsc@@Prlﬁmgﬁthe step of

B-ce [ et’i ng act|V|t2/ for the treatnent of chronic

adminisieging ayﬂmr@rp@m;zallgu feetivepirmoupylelof ta S-cefl dapleting agent,

oo B LR EEIE SR, I8 ESPLIEINGNG o sutiec

afflidtdBwitisaid dRbaenondisongey. As used herein, the term
"B-cell depletion" or "B-cell depleting act i vi ty"

refers to the ability of the entity, either a chem cal

. Qr, hi { . an antibody, to reduce
Bneiidre%lﬁ?w acg ce Paeve s in a subject. B-cell

depl eti on nay be achi eved e.g. by inducing cell death
. or reducing proliferation. The "CD20" antigen, or
Figuredpo, " i s an about 35-kDa, non-gl ycosyl at ed

iguld 0% P L g t haGf of oFeat faRs for three
FiaBoTPBRRIEL Srapfedly B vt o
patients over a one year period outlining the different interventions, namely
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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peri pheral blood or |ynphoid organs in humans. CD20 is
present on both normal B cells as well as nalignant B
w@eibes3ehut i s not expressed on stemcells. OPE/EP2AEE00003
for CD20 in the literature include "B-1ynphocyte-
restricted antigen” and "Bp3g". The CD20 antigen is
described in Cark et al. Proc. NatI Acad. Sd. (USA)
1766 (,1985), for he m CD20_ i ncl udes
(CFS A S algTe AcRAnALomYE TG (MR Bré Hsede S T RS,
Recently, low | evel expression of CD20 on a subset of

T-cells and NK-cells has been reported. A "B-cell"” is
As uaedy'repbin:ythe tenat “Breelideplefion| ar tBreebdrpiating Astivilyd refers to

e 4315 L o5 cndFM b 6l Eqf9) SE4 0 ntocy

to ré@é{@é‘t bi@é‘uléﬁh@t Bicant Ivlly 0 4 heubjeét. 0B-éell | Beglietionormay be
fragnents thereof for the treatnent of CFS but to the

achiewed efg.avy inging sefdeath apedusingeiplderatigener al
havi ng a B-ceII depl eti ng act|V|ty for the treatnent
of CFS. An "antagonist" or "B-cell depleting agent”

The VWEDQOI"S ansigénhebei NCD20et cisargreabbyut s35-kDA, eadreglycosylated

on binding to a B cell rf
phosnh@@r@tyo gl @ (e I’élké’%??%y@,f area |§{J9éka99%/eepf§ i ells from
perlpﬁwuér%mboangéq ntgm f@f M hhl?ﬁ\%ngr ¢B26 Euﬁr a?nt on both

g or preventing a
normiasP wedle = welntai ntadlgrhmtEB cells, bUhis not egpressedoon stem cells.

I L —
antlﬁrf"cé'ﬁ@t"ﬁ'ﬁ@gﬁc?ﬁgl CP;?;Oebﬁ’?l gén i8 d&mbdt ine@lAR et al. Proc. Nati.

i on Tray beachi eved vi a vari ous
AcadreSHar(Uﬁﬁs) 820176361(“885)/ ﬂ:@p@xmepte celhe fetmna€B@0 includes the

e G SRt 5o PG by el o tevel

expré8&io® of 0@‘2@ 6R'a SfibFetcéd T-cddigtdnd NG cells hagmudmsesorted.
Ant agoni sts included within the scope of the present

i nvention include antl bodi es, synthetic or native

"Bbﬁ:%olg'el? )ﬁgBEbgzﬁ%l Qﬁjrhs rW'tFﬁﬁW'h% t?é“é‘gﬁ’%\jré\tm,s aMdl fRiudes a

ace mar ker

naivé ®cedairRinait B ol folnsﬁtédwr B oot qtlaxm @@ls)t A
preferred antagoni st is a CD20 ant | body or

CD20- bi ndi ng anti body fragment. Furthernore, small

In aerS?{ﬂa sa%Hs%gofHeS %K‘\éﬂh%ﬁfl&ﬁdreléié‘s‘e not€okROYE the use of
ti’'ng a ot r exat

antibodies or fragments thereof for the treatment of CFS but to the use of

antagonists of the CD20 molecule in general having a B-cell depleting activity

for the treatment of CFS.

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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Insofar that other cells than B-cells express the CD20

antigen |like a subset of T-cells or NK-cells, these
we2ipssmwie al so depleted with the B-cells deplRET/EB009/000003

agent being an agent acting via CD20. Antagonists

whi ch "induce apoptosis" argsgthose which induce

programmed cel | death, e.g. of a B cell, as determ ned

achng%gét a%de);aolrfqa gﬁ‘t@%{%b?f‘%ﬁﬁ%ygbﬁﬁu%ﬂg ?dg ecHt cell-mediated

cytoﬂixlléﬁy 0? ADC ®ndapkasm @ofrﬁilemdnwmdé;ﬁéﬁdérrtagoﬁm@tucm (CDC),
ormation of nenbrane vesicles (called

|nh|ba§3@rpt @f iB elbipre)iferabient angforamdwelinn ofefbicell ge@'@:d(e g. via
e AR R RFCIAL Bh e B prosent mvnton

includié bhﬁl@ﬁle‘sl Csmhetb@djrersat{\ﬁa GeqheapeCpéptodwtalnldoslmaﬂ;I)molecule
formed fromat | east two i ntact anti bodies,

antasﬁmsctédyhlphatynértpsth%8| ey SHeacs Y aekal; QP{UOPHQY Fegiygated with

I t
or 133 395 TgRHe pent A Profefied Ra GRRE IS GREPFantibody or
CDZOemhelnmggGBBGykfmgim&g\taﬁtuthedyuofe agmatit molecule antagonists are
I ndi ant ment s’ rise ortion
Pref%*'eﬁn|'\“?lﬁ|&%ﬂ‘%8 bo‘iﬁjy '”@oﬂ%?"%@g%wée’é%t IogenI
bi ndi ng regi on thereof Exarrpl es of antibody fragnents

i nclude Fab, Fab', F(ab')2, and Fv fragnents; _
Insottrathadiather Icetis ghaanBidsdlsi @spr%Sd@BeCa%& antigen dikgya subset of

TecolB SEE e B0l a8 S S BRI NTBE B Bl cepteing

agentl %lﬂgtarﬂﬁbbhpd}éhngS/lé"ﬁﬁDZ@”pfl sing heavy and |ight
vari abl e domains as well as an Fc region. "Native

anti bodi es" are usually heterotetrameric gl ycoproteins

o3 ST ammeo co
deatﬁaCéW?' 0§l Bcbellnab sddtenkined dyastaeaayd dpoptobis assays, such as

coval ent disul fide bond, \Nhl e the nunber of .disulfide..
bindjnthkelgeannasin ey, afigne matinsa f Wnsc%’; LS dﬁjlatlon of

| .
encBYHHEL i bR 9GP 1 U 61 momorane

vesitleisdgalied Epaiptbttabpdids). n has at one end a vari abl e
domain (V1 1) followed by a nunber of constant
domai ns. Each |ight chain has a variable domain at one

The @& Vanlibaag" %é’@ﬂﬁtlén&sé’@ﬁﬁ' fheétbrobdest hdnsen&ndt Bﬁecmcally
constant donain of the light chain is aligned with

cove‘rsrmormlmainantlbodles 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 multispecific antibodies
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domai n of the heavy chain, and the I[ight chain
vari able donmain is aligned with the vari abl e domai n of

WO pwoex0% chain. Particular am no acid resi duBSI/EP2909/000003
believed to forman interface between the I[ight chain
and heavy chain variabl e dofg ns. The term "vari abl e"
refers to the fact that certain portions of the

o . . ! ! o
ot LSS T dhbbth 2 R PR
is orftf c&%‘bﬁ“isﬁﬁ)hbéw@Tndaﬁ@rhthmh"atﬂ@rddmaiﬂ@aaé waill @ an Fc region.

anti gen. wever, the variability is not evenly
di stri buted throughout the variabl e donai ns of

NE-1s 1 [ es. .l i |0 t

et HGEGRs: e B BID R it BFROTBRIRE'S apout 150,000

dalté¥iy ddepbsed vfahd Riemicakigat dojrehams dhe twor ilemtighl heavy (H)
conserved portions of variable domains 3re call ed

_ the .. .
chaifis o kebr Ioheghais 1y fREPd tha besvRmheudiLPRE epvalent disulfide
| . C 0 i , .
vond 18 FEHITBEE o GEUEEANTE R I BATE SR, AL, chins o
diffetdmite@minyproglobiudinl ésotygesnsEachi beavyr andodight chain also has

o BN S oG IR OehS, R bty S B re o
a vagi%g'lé‘\cliwﬁtﬁﬁaipe('\ﬂl 1)oablid b‘f?' £ haa et ePéondtinPdotinEREach light

he hypervariabl e regions fromthe other .
chainlesa variabie ideneaincat ore oandf ¢onstant dgerain at its other

end s o o Pl Fanf RSB Rt Ny SR RS Bonstant
dombfibt thSaiedsechalat iatththd Nght tHaRs vafiseR) 8bmain is aligned with
Bet hesda, MD. 1991 The constant domains are not

the variableedomainc of ythenhgawyighaian Patticuiedyamingacid residues are

v G G, B AVRIP UL 05 S A5ty i varioe

domaeid.ul ar cytotoxicity (ADCC). "Fv" is the m ninmum
anti body fragnment which contains a conplete
anti genrecognition and antigen-binding site. This

Thelrii%ghfm\é%ﬁgﬁiét ?‘ef‘éfr? oA HET £k %?gﬁ?ﬁﬂiﬁoﬁ)gﬂianf‘yt PHE variable

alrn variable domain int , -coval en
domairsndifédr extenisivelyg inrsedquenceoafMmang antibadigsaandrare used in the

oinchtl Sl SRE i B L Tefor 3Rt 4 PP, B8R antigen
o G5 EBIN I, e dapiel otigroun e varabi
domains of antibodies. It is concentratged in thr%e 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 R-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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specificity to the anti body. However, even a single
vari abl e domain (or half of an Fv conprising only

W@ booe@sdeyper vari abl e regi ons specific for an apCT/geaepI/o00003
has the ability to recogni ze and bind anti gen,
al though at a lower affinitysthan the entire binding
site. The Fab fragnent al so contains the constant

Healfj arfheddar Mo PR LPndi ERfsteht denihe SsEhBhnyopyeg directy

in blﬁ&i‘h?‘ é;ﬁ*énftlbéavﬁtﬁtén Bntigen, ddtiekhiit Parieus eveces ﬂmtﬁlons such
he carboxy term nus of the heavy chain CHL doma

as patticipdtion oficther antiodyy dn eanieody ciepenrdenit colidlar cytotoxwlty
(AD(gggge region. Fab'-SH is the designation herein for
in which the cysteine residue(s) of the constant
domai ns bear at |east one free thiol group. K ab )2
anti body fragments originally were produced as

"Fv' g5 the Minimgmerandibaeyc ragavenhvﬂueh Sitaintes semplgte antigen-
ccoliBy Syehp e e s e AR GEEPifer f o

heawyl rﬁhﬂiﬂgbnbuldm)hghmmhamy vamahhr atamaime dnedighén r’mm covalent
assi ned to one of two clearl d| sti.nct

assq@gﬁj&p( )isalid mlgmgqur)atlonb dthen thnee b%{e B/ag@%de regions of
each® 98H§B@ea%ma.ﬁ hﬁﬂéra&?ﬁﬁ%ﬁhe%’i‘%‘n@@en%@%%nﬁt@ Bnl e surface

no acli d seqguence of the constanf domain Of their
of thee¥{AyVt hdinmer, &Niedjwmlyestheaalxbleymagabte mg@nﬁf@ma‘m’ antigen-

R SSRECT 48 o oA 808 bl bl foman (o
half %f ta"r‘uesF‘%/ %Yr*i’ﬁﬂélet Bﬁiy QhYéé’eﬁ‘Y;béWer%bh&'ré?&ﬁ% specuflc for an

(1sotypes . | g&A
antugemzhaghmehawyycumauracmzeaanddblmu astigaat adtm%@mda lower

R e )

cons?afit HBRRAAI STEME RERI chall aadrtid finst cdnsianf doemdin (CH1) of the
cl asses of i mmunogl obulins are well

heavyspln@uneﬁgba,fmngen@r differ fpomghab 5@@;\129@9%@@ addition of a few
resuflﬁégpg{ g? = EAR \Qg fltthin{lzs YHRENTe &Aly él'nb@FM d%%d?'lﬁbludmg one

OM&l NS resent I'n a si’ngle pol ypepti
or njréi eystéinesefrahd yhe tantibfodyphingee pegida. fFlatx'-iSéﬂ is the designation

nerelb b HaD i Whiaing cistpine Baueld e sansiaaf femams bear at
IeasFBhHg?é‘i?tﬁlo@bréﬂémg(%m? RHtRGd Fﬁ’é ern?é”o?‘glrﬁ)iliysﬁr’é‘{e produced

macol ogy o Monocl onal
as p&lﬂs bb dFads fra@henﬂslwhlébstmm%d:ymmnesdmiween them. Other

cheml%al C%EE)IIX& o?géntlbo\%yYﬁagmé)rﬁs azrggalg’% k5no<Nn1919r@ "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, 1gG, and IgM, and several of these maybe further divided into
subclasses (isotypes), e.g., 1gGl, 1gG2, 1gG3, 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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The term "di abodi es" refers to small anti body
fragnments with two anti genbinding sites, which
WO e@giexds conpri se a heavy chain vari abl e doneCTEP2429/000003
1) connected to a light chain variable domain (V1) in
the sane pol ypeptide chain 4¢gH - V 1) . By using a
Ilnker that is too short to allow pal ring between the

e S, ST e S GBI are wen

knowm i SIngRACKAIRAIE @' bIOs " aﬂrbckuywagménttewm@n@@wew and VL
are described nore fully in, for exanple, EP 404097,

domgainso3efl antiiody,arwhessini taese edomainsr gge Mgepeniaciy. @ single

poordEAp S * PR by, e U Bompries

poly bpﬁd@&@hk@r GBtwepapea/HandfVE wwhainisi whiqh enables the scFv to
onbgeneous anti bodies, i.e., the indiyvidual

forma the p8gsEad coffipetuse ntprt ﬁé‘t'SGﬂuleiq"Bﬂ i idddRYiewy of scFv see
PIucﬂﬂﬂ{rPf ?h?ﬁ%@gﬁnémgg%fyﬁeﬁocmQ{ntftﬂfdl@é’s\?élblﬁ3 Rosenburg

varil an roducti on of

and Mourel eds| S@mmlgleod&erlagl,dﬂewaYodntpp.g&GQSBaBI(yQBéb ng
present in mnor anmounts. In contrast to polycl onal
anti body preparations which typically include

The dt'erlfrﬁ“'afétbdl‘ﬁé b‘ngé?§ F%rs‘?ﬁéﬁdaﬂ% tfré’g?r#'nfeﬁfse%nh two antigen-

determ nants (epitopes), each monoc anti body is
binditig sitesdwdieh fistgraesisngdmpitisiecanieamyt chain Menahle demain (V1 1)

contghiBSat b Ban} B RS LA B 56 Bhivpepice chain

(VH ur\wﬁtawmgsf% ket tredt |bm|6¢n§lbﬂh'd>| alsw pAlEngwsBtivedin the two
nonocl onal "~ i ndi cates the character of the anti body

domameeGJmlgthﬂ)t%ﬁimI@d ahadm dheusiaraainsalarg Heregfbni@oair with the

comggeo @{ﬂry %@ﬁﬁ%ﬁj@?ﬁ%@ fc‘}[éﬁe ar#@{)eagg tgﬁ) gﬁf;g?ér'i lﬂ)‘?ﬁdlng sites.

Diabodiéd avé aestEibeddmole fulty amploe, exdmpmmmm@lg? WO 93/11161,
anti bodies to be used in accordance with the p ?
and Flolingeront Meiisecnilab BEacn s ra SRo4A4-HAAsH (1983

descri bed by Kohler et al, Nature, 256:495 ( 1975), or
may be made by reconbi nant DNA net hods (see, e.g.,
The tefn "Radmeotiohal antledﬁ‘ a6 )sedrhere¢inoedetsoteabin antibody obtained
i,solated from phage antib

ib e
from ORI BGODTT R HEN 80 MOuRISaRRls PEEHORIE e ek Jo individual

3
antnt?ddnéE c%ﬁfﬁnz%zﬁ?fsgﬁé%géﬁoﬁ w&llde’rﬁﬁ%rl Ngggﬁn%ffgu?d_rh?e same

epltcrmoekmw fmnpo&mbleeyamanées r’(hsbmav iafige duringl pepduction of the
monﬁsp}r{% rﬁpqﬂglslkffg VA" é%ratlsoggrﬁgailtyugﬂgsp)npﬂe%em n?l?n‘?uor amounts.
in contrast to polyclonal 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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Is identical wth or honol ogous to correspondi ng
sequences in antibodies derived froma particul ar

WG p@eigonr bel onging to a particul ar anti bodyPCI/EBR09600003
subcl ass, while the remai nder of the chain(s) is
identical with or honol ogouggto correspondi ng
sequences in antibodi es derived from anot her species

bel i ng h
e riade e WelfhiipahG: MERY Rt aredbed By HBREE G, of “Nature.
256: agbl(bngf@r AR b& W6 lyaietaimisinbhy DNA (rhbﬁod%%@t e.g., U.S.
Morrison et al, Proc. NatI Acad

Pateus,No a4, 316%6_1)69'5’53 (mpgmggjgnalgntmqlgs HAaYbalsiocke dq;olated from
phaq':egt t h'ﬁbgérn%% éﬁgn%lemtgﬁﬁ gégg d@%&l@é’&“lﬂsmackson et al,

eén-bin

Natu‘ilér 8526324-6283(1@91|')Lﬁm Maiksegeal, el. gVIOUBioIWﬁ’ZZi581 -597 (1991),
such as baboon, rhesus or cynonol

nkey
for eaqaanwename:mm%pnabg.n@hogm@ﬁe@g %w'ﬁggﬁw&ude "chimeric"

an R AN ce A w8 B o gt chai

is mmmmal rwithnorrﬂiometpgmrse tdecovedpbndmg]cseduﬁmes in antibodies
i mmunogl obul in. For the

derivgg f@&ﬂ.%@%@'%ﬁﬁ%ﬁ%@ﬁ\ogﬁft‘é Ae a( P@Eﬂ"ﬁﬂ@h?""bmy class or
subc‘?égé tWﬂl % tﬁﬁ réhiihdé S8t %@%hﬁﬁﬂ@ & Mﬁfo‘é@%ﬂpbﬁhomologous to

e recipient are replaced by residues from
correaspwnhngaseqbbaceeg|mnanflbadlmn-dﬁlrv&d dpemi eanqtienospecies or

et Sha DA BN 24 B b o VBN RTBment of such

antifi8§] 5%-1ohg 897Rey NSiAPk @he désiFEIWYiblogRe|aaTtivith) (U.S. Patent
resi dues of 'the human i nmunogl obulin are repl aced y

No. c‘bBﬂésﬁﬁYﬁdM@'”ﬁ@ﬁ etinah Pees.diNall. AgathePaordSA, 816851-6855
(1982&"8(?%@%@ tﬁ%%'% .ogﬂ}‘}ﬁcrggprh'e?&nr ﬁﬁﬁl@d‘@s Ln?é(}lz%rde antibodies

ant1’body or

comphisingoddriabhe omaidi aintigendoindiie slmpj@ntcesf detibed from a non-
refine anti body performance. In general, th tl)umanl z

humant inféagten (- Qeo@ii’l é’é’°§|9bsM8ﬁ{(P)§vl | SUGH | aéf qoghstrﬁesus or

o g RGOS, Py A, S8R aseIL8 Pt o

5 696078(E)S|dtb-nﬂnamztddds&)mis ofnnonthumani (ergnogiwin,&)| antlbodles are
andal | substantially al.l. of the FRs a dosf

chimagisaAntiRRG R TRBLCPAtgTERER! S93upRCs dieraed Trom ndn-human

|mm§H9 bﬁ.ﬂtﬁfw' O'FG?) tﬁé Wﬁb@fj BBRAYE huMnibBaRHMRAHASS | BPEY human

y also wll conprise at |east a portion of an
|mmunugimnglllobu(rempaenmamlbodgg|lOnwhtql’preaHuysmam @ hypervariable
reglon %?Qherpglcjzpp?gntoape Irgpla'c::(érd twrrctesi}l ues“aftrglrlnI 3 hypervariable region of
a non-human species (donor antibody) such as mouse, rat, rabbit or nonhuman
primate having the desired specificity, affinity, and capacity. In some instances,
framework region (FR) residues of the human immunoglobulin are replaced by
corresponding non-human residues. Furthermore, humanized antibodies may
comprise residues that are not found in the recipient antibody or in the donor
antibody. These modifications are made to further refine antibody performance.
In general, the humanized antibody will comprise substantially all of at least
one, and typically two, variable domains, in which all or substantially all of the

hypervariable loops correspond to those of a non-human immunoglobulin and
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see Jones et al, Nature 321 :522-525 (1986); Ri echmann

et al, Nature 332:323- 329 ( 1988); and Presta, Curr.
W@p09BsIst . Biol. 2:593-596 ( 1992). The t er nPCT/EP2009/000003

"hypervariabl e region" when used herein refers to the

am no acid residues of an ag_ ig body which are

responsi bl e for antigen bi nding. The hypervarlable

ail S SBRHING, B8 oAl b gt JpPESof 18 hdipan amprunogiobuiin
seqlfe‘?ﬁeduéﬁcgﬁr 34r (ER) su%@tlﬁﬁldd@) é’é‘%&%ﬂgéddv%) TRet h&manized
I'ight chain variable domain and 31-35 (H), 50- 65

antikiady) optidnably mlee wikjompriseeathieasy & partioy afi %u@munoglobulm

consl3E% e e Bt BF LT Phofl R BR L furogr otae

see JBheORAal| NaticUSRS: 522- blgal(nbsa;%emwrdﬂamh/@t a(l Naa;l:e):asz 323-
and/or those residues froma "“hypervariabl e

329 {(é9§8) r a9dBeestac-Qorr( 19, Sud2 Bioh)2:59$- 6969@9(923) The term
"hypgé\{%éaeri ﬁz’)%t@i%@hg)ﬁf ggliabflr_@'eqr?%t%e gg\?/é aglﬁlgg"m:ld residues of

an ¥ftib&dy ewHmwRidare Ghﬁ[bdjlmﬁblmd‘olueahtlgen%mmn@l oThe hypervariable
196: 901-91 7 (. 1987) Framewor k" or "FR' resi dues i

regiqft CampEsey AHIR & n’tﬁsl*pLi%%leRIEsaotQ‘Pé?ﬁﬂwtla &y determining

reglcﬁwp Fvv@rnﬁbgg(g/e@s%hégsgpggs%q)s 5658 2}9538669 -97 (L3) in the

ed ant I'sS an anti bo herel'n defi ne
|ightvdfha1h viasiabde dmnalmganécﬁt-BSa(l-ﬂhtmoﬁﬁgbﬂs and 861;11@2 (H3) in the

hea; Pt QENAHIE ST iAo Sl aaerHEGae, of sigteins of
ImmWﬂbRJr'%lbﬁ ﬂ%’réﬁ%'ﬁﬂ ER tP’%IT@MeéIﬂR‘SWfNailoﬁhﬁlnstltutes of

, 137, expressly incorporated herein
Healtly, BeftbestiaeMDt r(é99ﬂ))r audiqrgd}osemes espgomra ndypervariable

loopiterd b°ﬂ{sf§es' e 1Y 288. %?7% bé@‘éﬂ"gg g@g %et light chain

varuéHléQTd?ﬁéﬁli 8Ad pE-8RHIY, 5$—BST(¢{@&&nd g6r-i0¢ (Hg&@ th&heavy chain
al so called "Tositunomab," optionally | abe

variable o dgsnainat Ehatbiar and 11esk” Jant'\fl%lod@'?h oaﬁﬁe‘?%@ﬂ? (1987)).
"Fra@g%{lc%@ kFRB%(gﬁﬁgsn% Wc?sé’%%‘b é\kborﬁasrhg?egaaes other than

|nco ted herern by erence

o bgggl%gﬁglohgdaslduéfd&s hé’r@asd@‘ined ABlnaged antibody” is an
987). and vari ants thereof cl ud
antlbq Yank@Ro hergist c‘l’m%féﬂe %u‘ﬁﬁnl'Qeﬂolﬁ@’Um@AOBQG@? heterologous

mo|érﬁH§,grslu§h’2E€T§ﬁ?ﬁER§§é g%lgggérﬁg?jrolé'&’él' rl?xz?rHBléﬁ%f antibodies

tent No. 5
whicBObexiptres €320 ramtrgermr modamk:léte'r‘@ZB%yvmelﬂ ds muve)called "Rituximab"

("RIFU%rNée)d(agPa%n LN”“.”?‘)?73(§,137, expressly incorporated herein by
reference); the yttrium-[90]-labeled 2B8 murine antibody designated "Y2B8" or
"Ibritumomab Tiuxetan" ZEVALIN® (US Patent No. 5,736,137, expressly
incorporated herein by reference); murine IgG2a "BlL" also called
"Tositumomab," optionally labeled with 131l to generate the "131I-BI" antibody
(iodine 1131 tositumomab, BEXXAR™) (US Patent No. 5,595,721, expressly
incorporated herein by reference); murine monoclonal antibody "1F5" (Press et
al. Blood 69(2):584-591 (1987) and variants thereof including "framework
patched" or humanized 1F5 (WO003/002607, Leung, S.; ATCC deposit HB-
96450); murine 2H7 and chimeric 2H7 antibody (US Patent No. 5,677,180,
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fully humani zed 1gd agai nst a novel epitope on CD20
huMax- CD20 ( Gennmab, Denmark; WR2004/035607); AME-1 33

W@ 2991083602 Mol ecul ar Evol ution); A20 anti body oPCT/EP2009/000003
vari ants thereof such as chineric or humani zed A20
anti body (cA20, hA20, respeoetqively) (US 2003/021 9433,
| mmunonedi cs) ; and nonocl onal anti bodies L27, &8-2,

93-1 B3,
exorERol RierSaiaed iy by s a5, Hfishi2Bg 2H7; Qfetypuman, a
fullyaiumbmzeue@mhrg@ﬂstm novel Epltdpdarh@®20 RdMaxeCDRM(Genmab,
ford University P Further, suit

DenaarkbdGR0GHD36507): AME-1 33 mkbpriied uMdjesuiRinEelption); A20
antltg(ﬂci)% bodggﬁﬁﬁ{%q@%&f ﬁﬁbggsg Eﬁ?ﬁén%ntﬁn%%ﬁ%rﬁg&aeAtzﬁeantlbody

eneration mani ze
(cA2€U1tl -hﬂZlD arrtesbedtyvay) Bi CL(!Sn 12003/ hea88ch/ Iﬁmmumomedlcs) and

D BLX- 301 _of _Bj o
mO”Qﬁ{qe"oa\c/thU'%q'ﬁsﬁﬁ%@%&éé?cﬁ B of Ny B iadahi from the

S
Inte@lagit%(}l})ahnoﬁa l'Z%'agoth g re %Vrégﬁlg?ég nalbﬂg}é)%o e;malhbolnl els_eukocyte

TypmgeIIBlaMcd\MbBael\/bEéovm44Dt Oxford sunwersitafressd1987)). Further,
art icul ar

|
SuitahiE; GIUPERIY | RE e Bt o RARZOMat: P EY ShHTATIFSR ganti-CD20
antlt%ﬁy bggli B?ogféd kﬁie‘%ei‘ae%{’@cm%dhé Utﬁ@d afrﬂfbdd?e GA101, a third

eatnent O The terns "rituxinab
genénat‘buxAN(ne)mzed ammaosﬂntm@n of rlément édew&enentech/Roche

Morfaelel BRA- 30T Phoi e r LHPERPAGifther " FhiteRad aaptigGp20 with

optnﬂ%cﬂQﬁ/'cﬁ@??l%ﬁoncé’r%eltUEuMSbP@im) mmﬁnuﬁa&;emaa or DXL625 of
expressly incorporated herein by reference. including.

Inexus@wmrmqlﬁgy doth @he diurpanized aMeCIR0 aﬂybpéﬂ% fAte suitable.

CD20. Purely for the purposes herein and unl ess
i ndi cated otherw se, "humani zed 2H7" refers to a
Moréw@nuz&d agsuelyhathathdr Baselhdepletitig?@gents, an particular, anti-

coBL bt g EReaf e ap, o eatecElY Bulanred Brtsdies, like
MD)S—Q?%?SééﬁBe "G E£8Sr the. RERMAENt 6f CFlRe B-cel | depl eting

nt" or antagonist, in particular of the anti-CD20
ant i body or CD20- bi ndi ng anti body fragrrent thereof

refers f npunt ,, gell de ting en
Thea?ﬁ’&@%mr&t‘ Aeai g BITLRNR bl TIPS PRV fer to e

@tﬁ@élﬁj H’ébr%@t thiFkBAc anutiResyurhah H&ﬁidc%iéleahtlﬁédy directed

ronic atl gue syndrone/ nyal gi c_encephal onyelitis is

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 cells 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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adm nistered in the range of 10 ng to 5000 ng per
dosage. For exanple, the dosage may be in the range of

WO e@ai0d®02t o 1000 ng/ n2, in particular, 500 ngPCRER20EH000003
single infusion for R tuximb. Typically, the dosage
for Methotrexate is in the pange of 5 ng to 30 ng per
vveek In one preferred enbodi nent, the B-cell

l.eting ent. i s.a. chem cal (i g. :

treatd rgcu g aﬁ(?ﬂ?etﬁ?q% s&ﬁd@@&/ﬁa%caggﬁ éﬁq@%llé)myelltls is

admifistered fin tthe raingef 6f 16Xm@picﬁ5l900WﬂgEb@|eHbsdg@J Ebr reg(ample the
agents are BAFF-antagoni sts. Furthernore,

dosagepmay bg iydhesrangs ofdramt agentostw@p Bmém%g*anpgftsculaf 500
marfs 38, 0 SPRIPE r, BFRGHAED! TyplBfet o etsage for

Methdgid eite ng imtheé vahye obisharg 10580 urhg lﬁereweeldepl eting

agent are small nodul ar inmunophar maceuticals (SM P)
agai nst CD20. For exanple, SMP acting as Bcell

In orgﬁglrrgx‘er?g pbalrﬁ%ﬁt -Ftﬁgl\ﬁlceﬁl ae @Eﬂn%?%g;eﬁf id '/ Bh&hical entity,

naceu ica P can e Sl e chain
e.g. pdmpHphokizsile sAaJréresrtytdfaa -cait dépletiag, agm»tsmjeakrpwenn the art

o o SR ] SRS A LB S S o,
knov&r?FB" Eéﬁ (fl;ﬂ@tlﬁ%téderﬂg'lﬁéiud@éhfdg&ﬁs%BB% |ag?@rlﬂht§ bh@lpha-4-

t rexat representln a chem ca entlt
mtegrfnsaea‘r dadrl exmppis, |Mgtmgeexateaseameealqgue of &liq agid dlsplaymg

B-ceflAmPLrp Yo Pirselatfl Prial SehIAIES BERLE g srhaff modular
imm&haphaAngeesivals (SMIFYtRIainef COROU B étdrtp IeCCSMIP acting as B-
exanple, in a first _reginmen either the antlbod

cell ﬂeole.tmgements atﬁnTrRBt@‘r%cprt §Eilr£l87swtfj & Eybigh); é‘aifwa&eut'cals
oo SRR e B Bl BBl ) e Sehodiep having o

poteﬁf‘Ba@éWU%EIetiQh aefiviteul ar, the anti CD20 antibody or
t he CD20-bi ndi ng anti body fragnent thereof, will be
fornul ated, dosed, and adm nistered in a fashion

In a g?éf&Féad‘teleBBnﬂ?ﬂfj He%ﬁﬂimaﬁéﬁtbf?%n Fafl €B200Entibody and
consideration in

I's context 1 nclude the stage of the
repr@@entlngIaalblologaaﬂeemnltydo‘sca @ecelbeie@etmgaa@ent ahd Methotrexat,

articular m I in eat
reprBSHiiing 8 CRATIGR STBY o duBr el Bpalsling ruSuf fregysed for reating
chroﬂﬁ! 9 n&ﬂ@négﬁ%yaig*@eﬁébbﬁﬁld?ﬁyélﬁr@ Mdrhiraéiration of these
e uling of admini'stration,and other factors
entltlesovmalyo bree déffattegr simultaneously, Tiseperately i 0b se@uentially. For
exam;fole, r|]n a first regimen either the antibody or Methotrexat is administered to

the subject while in a second regimen the other agent is administered.

The composition comprising the B-cell depleting agent, the antagonist, in
particular, the anti CD20 antibody or the CD20-binding antibody fragment
thereof, will be formulated, dosed, and administered in a fashion consistent
with good medical practice. Factors for consideration in this context include the
stage of the particular disease or disorder being treated, the particular mammal
being treated, the clinical condition of the individual subject, the site of delivery

of the agent, the method of administration, the scheduling of administration,
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B-cell depleting agent, Iike an antibody or anti body
fragnment to be adm nistered will be governed by such

W@ ivsigspat i ons. As a general proposition, thePCI/EP2009/000003
ef fective anmount of the antagoni st adm nistered
parenterally per dose will kg in the range of about
20ng/ n2 to about 10, 000ny/ n2 of subject body, by one

and BingRHEHEES RABn, B TBURG) pESeRG R IR BRfind "yAGhnt of the
B- ceﬂedébleﬂﬁg et llike dnlantibedy br @mtmuy?,ragﬁhenam blecalyministered
for the admnistration to_a subject I1n a sing

will kergeapENRd @wsqphewré%lapv@tnma@% aggengliay p&ﬂp%'éfey the effective
amo@F At hoe2381 ges &’ﬁn érbp Eaﬁgnthrﬁ(%g%‘t‘tﬂﬁé‘él%ll be in the

ectlve
ranganbf ibutf 2 uigemi2 tmea“bmft 00 (EIo)mg)/rrﬂ)Oﬁ sgbjeet lmady, by one or

morgﬁq%mf@rg%ﬁﬁog%gh&ggs“89%35?? ar&’@}t%ﬁdndude 375
mg/rﬂb%&&kl 04 | Tgﬁ?éeﬁhg“i‘@ g breghestd SR AR PRyraft & 3. The

ose an sche result obt al ned,
antiboudli fort #ed adwmstr‘élhmnBtocalSuhjepl it arfgng@etherapeutlcally effective
ant a

dosas olsid Aatipot tscpLaohly AOPRErER of st BRfE o ¥n8Pabeutically
effeé’(WéCHb@Bg?QSof éélHré‘rﬁ’%d)&)r’%?actth)%lhamd BRABOYY fragment thereof

I ntranas for intr esi onal adni nistrati on.
of 50402000 angAmzuAsomtemabgue, hawexensthgsg suggested amounts of

s 810Nt LA 98 1AL VPR GPERor Tho ey factor

seleéﬁﬁ@ nhﬁt h@ ropriate dic%é cafd esghed dithg lis aslsli tdsutt dbtained, as
B- cel eti nga@é{ent ant agoni st , I I ke the anti body

unduqaagdsam\fml yhee sepleting agenjuasiagomistsiltke, the gantlbody, is
h
s 887 00, D BndosEagbie L meBha0o NSl o bl o opica,

sub@igareous nmtﬁapérltBn@ell I |mmmmmr9nnmmgls amd/or betralesional
descri bed here. The an en tqQ be used for product
admﬂf's"fétf'o@,cr@éﬂ?ﬁber@br In nilBeluge niffRmuacylar, alntravenous

mtra%ﬁ"!e‘rl 1e fft déBé’rﬁtoﬁ@%P sBBEhtaQTédd%erﬁeﬁwm%%tﬁirﬁ' N@trathecal
epi i

esire ope ternat| or additionally,
adm(misiratleuplsemm@dﬂmmpdatetdwelrr aciditiors,uttiecB-asdh depleting agent
r screen, f ant agoni st

d.t
antaggiiat, GkEchenantbedy Tay Farei: bS FAP Sk &y Quid infusion,
e.g. PRitAP@SEIRThg L doddO o8 thKi Antagohist! F"?efﬁrhbly the dosing is given by

intravenous injections.

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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Wiile the preferred antagoni st is an anti body,

ant agoni sts ot her thananti bodi es are cont enpl at ed
wheeesseoFor exanpl e, the antagoni st may conprPGEER2009/000003

smal | nol ecul e antagoni st. Libraries of small

mol ecul es may be screened aggi nst CD20 in order to

identify a small nolecule which binds to that antigen.

Al ternativel l. .
antitqiF} 336 kst Efein Por BYafip othe SpBf FiRE ey omerise
a srh&lF bRkt aiitagoniit! Libiaerad of rayall unblebulés rmay eewestreened

for its antg%é)nl stic properties. The antagonj st ma

against 6029 in peghen treidpnily & smaly malecwravhigdsbipdsoto Byat antigen.

e 6 B8, g, HE BB APl B cpein
activifyoirc gemeydlebg Kridikh nﬂeﬂfhn'iquns.a"’ﬁhébsrdallanalergne may further be

desi gned based on the CDRs, of _an anti body. Wil e h .
scregegﬂ%@égtsmvta@@naﬁt%emgmeé- Bflhet RBIASAT/EEmayhalso bE & peptide

i . oD | y : t i
sondifi 5, YRR AIANIoPE BB sy e € oansose
publizteid 08 AuvgutstdI9§it ilororfeokhdwediment othex sTgléaulg of choice maybe

roducti on of .the

“Leghniques for f i bod
a "GARAGURIS: o eBtboHY -SEaipakRc SosiANFY fRssteointhe CDRs of an
antibSHENWVHAB- sidh pB?EPGEQﬂﬁ&/ t?é‘!'ahg%’c}r%tic?@yytfﬁe‘hgﬂlves, the peptide

ant’l bodi es are p erably rais in ani mal s by
maymoptiopaly sbec fusatbotes g seytotaxi¢ nageplersiot @rsedp @idg) or enhance

i njections of. the relevant ani ' t
anagRh s BlSniiebnot it SYEMadh BEReTh TaAHYAL ho bhemplary
techRiqUed fort tht pr&dudiBH @I &RECantibdd\e apeegotists asbd in accordance

I mmuni zed, e.g., keyhole linpet henocyanin, serum

with dhe preaenbiwviendionhyr ogl obul i n, or soybean trypsin
i nhibitor using a bifunctional or derivatizing agent,
for exanpl e, mal ei m dobenzoyl sulfosuccinimde ester

(i) Poh@idhgiodntibodiesoRglyciredl edntibadies dregirefékably raised in animals
hydr oxysucci ni m de (through Iési ne residues

by mgiiltiplg SuBEHIANEOUS £2$)nPE IRtRARETIANeal diRd '@?e%io'ﬁ of the relevant
antiﬁfzﬁgﬁ'a%@[lﬁa%t.aﬂqngy%@D@eﬂjlftégfo?\%?ﬁbw\b_ @l antigen to a

s are’i muni zed” agal nst t gen, inmrunogeni c
proteionthaaissmnounadgenicatri tke $yeciesbimibeyimmunizedp@.gy keyhole

.or b of .the protein or conjugate (for rabbits o .
impf demeeEit: SeEg) Sparin” ey iRetRupoRiuifed Sofbean trypsin
inhitigrP! Sltsfh dj avapiuRdlondll eefri Naetibgtisingut iagent, for example,
Intraderrmal  at nultiple sites. One nonth later the
maleimidobenzoyl sulfosuccinimide ester (conjugation through cysteine
residues), N- hydroxysuccinimide (through lysine residues), glutaraldehyde,
succinic anhydride, SOCI2, or RIN=C=NR, where R and R1 are different alkyl

groups.

Animals are immunized against the antigen, immunogenic conjugates, or
derivatives by combining, e.g., 100 ug or 5 ug 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



10

15

20

25

30

animal s are boosted with 1/5 to 1/1 0 the origi nal

anount of peptide or conjugate in Freund' s conplete
WQ@a)00083e92 by subcut aneous i njection at rmulti pl BST/ER209/000003

Seven to 14 days later the animals are bled and the

serumis assayed for antibogy titer. Animals are

boost ed untiI the titer plateaus. Preferably, the

e RS et A ST AOGH8, 30 U 5 apsaves or

antibddyo Y ér. aAﬁirﬁél%f Qe Boested iuntil nhe' eidgre PateGus] URRIferably, the
al so can be made in reconbinant cell culture as

animal de diapsted iviths thecomjugrier ebthe rgmeantigesubnt £onigated to a

d|ffeﬁ%rﬁ0§r6t§gf ai}q?rﬁreglgjlto%@wénoc Ollr?g? érﬁ?’s‘ dkfﬁ‘?@ﬁé@nt.(tbhugates

alsoobhai Bed hade i pl@wdn@tblhaht o€els ubsitwret izes | protein fusions. Also,
honbgeneous anti bodies, i.e., the indivj dual

aggreaatingdeg@entsofyen samg'ilw'Weaﬁ%piwtﬁh brisgd te gfancg the immune
respgﬂgéor bi nd the sane epitope except for possible

varrants that arise during production of the
nmonocl onal antibody, such variants generally being

. resent in mnor amounts. Thus, the nodifier
(i) “'EQﬂﬁféeP%h%'P tib¢digScat es the character of the anti body

Monéﬁld?‘%‘l I%‘ﬁ'tlBS fedn éFé”%bPilthHSQ‘F&he &' BShV&ldWabf substantially

odi es. or exa nnnoclona ant i bodi es nay
hombgenadeas usintipodies, hylbe i, dbhe nedivitugli rantibgskes | sempsysing  the

popylgtiogeafe antiCaATen diad thes sapig LpliRpE "t T possible
vana”nt§]tﬁaf5§7|2;e d@&b‘r‘@ﬁ'bé‘l@orﬁ fdﬂ? tHBNMehebInadEintibediye such variants

readily isolated and sequenced using conventional .,
genepaﬂve'denmesp(@s@t lrbymmrngrrmur@@nJat@otthaenmdjﬁeé faroclonal

iSRRI Bty R B bl g L Bcrte o

polyblbhhl Gib ociées . SFGEre\k%rmlea théelhehbe[bnmwm&mﬂlesunby be made
Once i sol ated, the pl aced into

US'”Q)@bFeB)ébW\OmécWBOdvﬂfﬁ&lﬁ’eélcé'bﬁﬁeﬁ)’t'?‘%mgf@ét% Natye, 256:495
(197@2“0&%%_@ bs%‘gﬁag% %_%95 +ﬁs DNAT ﬁ'urétt% CR). bs Patent No.

i nese or nyel oma cel

4,816/887)do not ot herw se produce i rmunogl obul i n prot e| n,
to obtain the synthesis of nonoclonal antibodies in
t he reconbi nant host cells. Review articles on

DNA' @reBRIMY the EMBHBERIM ARtiGGiES! 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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of DNA encodi ng the antibody include Skerra et abh,

Curr. Qpinion in Imunol., 5:256-262 ( 1993) and
WEPRWeKsIN, | mMmunol . Revs., 130:1 51-1 88 ( 19BCI/EP3019/¢00003

further enbodi ment, antibodies or antibody fragnents

can be isolated fromanti bodgpgohage |ibraries generated

usi ng the techni gues descri bed in McCafferty et ah,

anti uggﬂa I%)?%gg% ry{\?%ggq(s% ﬁﬂe e{g\cfg{hlq@@é Ubescribed in
McC%?fér@met 5.\917 NatBRd) 34836621654 hﬁggn)l aClavksoh retr iahe Nature,

human anti bodj es, respectlvely usi_n

352801628 o1 SH)b ARG MBTHS 4 @t | 3 Mabe &P A55581-597 (1991)
deséirp[%dgﬁél %S'?)I orghcg‘rrﬂi #fd (%ﬁﬂgﬁéb%ﬁ%ﬂ respectively, using
phad# olibregieso! Sgbseﬁﬂeﬁﬁ%ﬂi&ﬁ:dﬂ@@é&cr% \Maial pasduction of high

oy by b GBS B S i ot .

; N [
siorYBARBRY: 07 redfand, 85 vk e cdbindffa tApRten and i
wvotmdotnwintahonabsnamicategal fcantobstﬂychly@rvewn’@rge phage libraries

(WatahoHP oo b URodFiIBd ety Sharpb- 2250 UBR DLl Pig: these

techh SLH iabfél UhtesRalipes e AR SN B ol aidiody hybridoma

stant domains in place of the honol ogous nuri ne
techsmmmcfes usouaslommfemomlonaemtmIe%rThes&NAetalsm,may be

oo St S5t b 2 aman neavy

and SRgHENERaiAl |cdﬁst9ﬁf t deinalime nodplra@es&ffuethee h‘dlﬂol@gous murine
non- i mmunogl obul i n poléfé ptide. Typically such

seqmce&rm{%‘ogi’atﬁnt. Nopdi§ Hepbiriddortsons aisah « Bree Natl Acad. Scl
usA FERS3|EIR4 B, SEvERrE0 IR, i IpndhSlopuiin coding

sequendd nalngosi partobf atheandadindy staqueneet ¢orm & hnamsimmmunoglobulin
bi val ent_ ant i bOdyPF\OSE“ Si n
c

PolyBPP BdRATIREA po b ooy SR aq0 kLT BeHORRGPAHBE Hefe substituted
| e f

or BIGEESRfPAR BRSO phEaRIGN OB S LARUGE o e variable

dombiris lufineme zntigemoncommbimingnsitd aafi 88 mtwleod»,eéo create a chimeric

oivafSrd By Rorbiiod s SHTDER! hno P S StyARy ety for

an a‘;r{rtn@r@]@gaaﬁ@lﬂrfcﬁhéh'aﬁhgbﬁ -CEHbHIng BiteThasAgnspedificign 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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acid residues are often referred to as "inport”
resi dues, which are typically taken froman "inport"
W@ 2000484662 dormai n. Humani zati on can be essenti aPCHEP2009/000003
performed follow ng the nmethod of Wnter and
co-workers (Jones et al, Nabyre, 321 522 525 (1986);
Ri echrmnn et al, Nature, 332:323-327 1988)

oo BB T e AL 9 grsnn

sucwormﬁﬁaﬁﬁ@ung afibeRieSs apd  ehhmero antibbaiys (U.S. Patent No.
Accordi ngly, such "humani zed" antibodies are chinerjc

4,818rh6 Dowheseinussbstantially less than emsémpachaynepp variable domain
ubst
vas b AR, %9 400 PofBabBl i, 3BRBnER, A ea non- muman

spedi€@slURNpRatticd hunrimizéd nantitrpiies exre typlmlachuman antibodies in
humani zed anti bodies are typically huma. ant i bog

whichrs e <oYRE BRI eaBNCraSiien AsPERRB VA RAMB 6 trgjdues are
subs?f? 8xrr%§hﬂ}ée§fr%rn‘? a3+5? bﬁé‘ts‘?t@gkﬁ’\ f rﬁ“é‘fﬁltfdd?igt The choice
es anti bo

alogous Si Inro i es. choi ce of
of hbm”an vatinbid dordaimsi, risothblag it anghlneam,d webeyused ibemaking the
used

maki
humapizsid gmlb(t)lgln eltau\geerggqmaqnqﬁqpﬂctl%{“ %@L%?tégwcﬁg fggording to the
so- céﬁeé}a”t)'e%@i flt'b‘?ﬁéthfddt th@eéé‘&@enéé‘%fsl%%ueaﬁﬁb@‘ dbh?am of a rodent

vari abl e domain of a rodent antib |s screened
antitaarhi issscreleaednagaiost the &nyre)ilbmw m human variable-domain

se q%qanrféei‘s?'ﬁ}eoﬂiﬁﬁa%‘n 3EAHRREE Sunithse E’ﬁ%ﬁs@qtne & MY et is then
EBnaé rtﬁﬁem%ﬁ e mewdrk) re‘g@d&n t(iFéR)h mramé Gﬂjrﬁahij@wﬁntlbody
Sins et al, . I mmunol , 229 1993); Chothia

(Sims et 31, kpimimnsl, 130G (1999 Shothia et ial JmblHodiol, 196:901
(193157 el A 4TS BA L BN ABAR0 rrom e

coné@fwscgé@ueﬁtb@gffomp haiman gititibadideafa phama:ulaarswagkeup of light
regions., The same framework nmay be used for severa
or haavy shait valakla reaionnt i1 BssATe fEameworkimay &iged for several

S8, g it Jsinds MOBL, PEEE et ghy, ek U

89: ﬂ??t (&1992)qoﬁlirestd)eethahadt Zkeamwinoh ﬂéﬂe?ﬁZSJn(kﬂ‘ga))glli is further
a |n|t a en an r fav
impitanohiataaiipodies: bedumgniad W reEigRapT high affinity for the
antl%é’n aaﬁﬂefo?ﬁéreoka%Fmg H?HFB@"&a?le%r@ﬁéﬁ@%d' % Hchieve this goal,
repared by a process of analysis of the parental
accardingrtoea prafevrad msthodnckynaaizead, aatibodieprasgupfepared by a

processn%ft rz]a\rnea‘fysdllsmce)rfls oé]abarerﬂgll sé)(fquélbc,eeéoaéﬁgt @aru%ﬂg conceptual

humanized products using three-dimensional models of the parental and
humanized sequences. Three-dimensional immunoglobulin 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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humani zed sequences. Three-di nmensi onal i nmmunogl obulin
nodel s are commonly available and are famliar to

W bwseswki |l ed in the art. Conputer prograns aPE&I/EP2009/000003
avai l abl e which illustrate and di splay probable
t hr ee-di nensi onal conformat bgnal structures of
sel ect ed candi dat e i nmunogl obul i n sequences.

. t ' I
e BRERT Bethy SERBEpELChE et L UBRER K100k Ofguteristic
suchcad dhéiiae ednatfindty! folp thertasgetuantigen(s) eis, atﬂnevedallryglemeral the
of residues that influence the ability

hyperuadable: eegipfurrigduesIaie diestiyand anést .sgﬁvﬁtantr?"tvmram'ved in
an be sel ected and conbi ned from
mflu%‘ﬁé;ngm ﬁi&i Bgﬁﬁ nport sequences so that the desired
ant i body characteristic, such as increased affinity

for the target antigen(s), is achieved. In general,
(iv) HH@%W%%‘{'Q%?P%I e region residues are directly and

As dt;ﬁjsatlte?HQﬁ\%é"}? %hﬁédli‘é\‘t%r‘é ﬂuhPari 'éfnltl%ﬁi%lé“@:aﬂnbé%@nerated For

man ant i les As an alternative to
exarhpleiif mahownpossiblentaproduck émnsgenic aginalsafesd., mige) that are

capablf nlpan dirguRizates) of ppd G b8 A (Y EBe{ipRR S Rlrfian antivodies

in the HcH bPendd eﬂb@@qﬁhrﬂgnégfdﬂdlmr gRRIUGIohe Fdfr éxdmmple, it has
ant1 bodies in the absence of "endogenous i nmunogl obul I n

beerprdﬁjam'the@h thaoithe xhomiogygpus hdeletioan ofidber aptiodiaheavy chain

R Y L e

omméttérlhhimw W%Hdé‘gdrfbumﬁﬁhbbeyIpﬁlbdbcﬁd)mnTcénsfer of the human
endogenous anti body production. Transfer of the huma

germydingy IMmunpatalndigl 860€ 3Tk S&phas}ermr"@@cwug@'ﬂm%éw" result

in ”2%1 %ﬁ%’l égﬁu}?@nﬂ%’ﬁ?. gghtlgﬁgfﬁn&m@!g%@ gh,ﬂkéﬁﬁa_ See, eg.,

Jako%gﬂ(gboé'ﬂ\]éﬁ ngcalNatPrMsad NatL.U84a®0: 2651 W93 poJakddoits et al,
akobovits Nat 2: 255-2 1993)
Natisp a2 2 d o8, 19037y BaH o R PG RS 2. Yoa8 it Yo 1rap (1993)

and %ﬁ iEdept \I/\Nf%;S 5ﬁ5%’69 6&%895363@%&69 emﬂs§7 5A5te8r95tlveI¥ phage

ernat| phage di splay technol og é
disphy, tedhinoleg\B 4dcEatfeTHB et aLQNa)L)rec&ﬁSI’&é% 84 (ﬂ@%b)od@@é)e used

o piiRscy bR SaTPRRE | BR8Y RL. B, op B, rom
mmﬁﬁ@@ldﬂﬂthr?aQﬂe deupr gon¥ik Olgéney repettbirest edmi Qdmmunized
anti body V donmai n genes are cloned infrane
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 enboding 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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into either a major or mnor coat protein gene of a

fil ament ous bacteriophage, such as M 3 or fd, and
wale@phssseri as functional antibody fragments onP@HEP2009/000003

surface of the phage particle. Because the fil anentous

particle contains a single-%granded DNA copy of the

phage genone, sel ections based on the functional

et hePSER 3 Bhst 11oRRL WATNE 28, 7, v S oAB-Bhazoione

antibddiesftdrisa shhals ,rahbcnpbag&)mamrmﬂ liboary of \ lgenes derived from
properties of the B cell. Phage dIS ay can b
the pehere@ﬁneﬁ immunizadi ige.ofr feperoiLe Nyeﬁeﬁﬁ g’em Mpimmunized

hum%ﬁedor?qrgci)anJBQn%l‘?\%’t é{é?%(’é%@rﬁ ?ﬁ'{g@ ﬁﬁ%bs’t\ﬁ(‘% Eé é?% aC}raKr of antigens

(mclul&ﬁ@) rs]eﬁ%ngrgﬂr;ﬁouandse oéol‘étgemsmgraﬂm ﬁ)ltoam_ngethaséelchmques
s b el B S Mol B i o

EMﬁ?ﬁ bpslie5. d:ie“ Vedsﬁ}sa' Sepandiyy, CYUWi P%ft@ﬁﬂ ANos! bz; 86%,332 and

'V genes rom the spl'eens of inmunized m ce.
5,574, 9(&3eHUmare mﬂlbﬁctyemenayraisouhe ngemeraded hyrim vilbacactivated B

cells fBesr URRREN rebobenD Gof B 270 0N can be | sol at od

essentially follow ng the t echni ques descri bed by
Marks et al., J. M. Biol. 222:581-597 ( 1991 ) , or
(v) Aatibiodyt iragmealts EVMBQJ. 12:725-734 ( 1993). See, al so,

US Patent Nos. 5, 56 2 7 0 :
Varigife: RALaURE, hdre Bt o SRIRIbaR o the, HERction, o  gntibody
fragRened | Frddieenally, ikestffagdmehts Gleré derived Qﬁﬂpﬂiéblyt(cvdlgestlon

Anti body fragnments Various_ techniques have be

of infagbianithodies (e, 9-8duMarinoR Sinfl.bdayal aghdlipehemical and
h f
sl EPLds ZACEOT. 00080 Y oy, 4, i, 22001

19852} Iqrfﬂd)dbw(;zér althedeurfrwgmehtsBl oahemaval bendpRichslegsi dinéctly by
t.hods 107-1 17 1992). and t al .
recomhipApk hosb gedis. Fofomtgmp Gt apt bokdzagmadis.een bgsolated

froanHébSnRB 990 a&érﬁﬁltér DY §EEHRY %Hvé‘oﬁ'lte?r%ﬂl\fely, Fab'-SH
pay“p ¢

or exanple eanlbo fragments can be isol at ed
fragmlemlms tden bet diredily plesgeetedrisomeE. dtalc andedhamueally coupled to

formy F(Bh8Ped AR (CAC o BroR /PRy RBls i 331187, (1992).

Acc&ﬁﬁ%%@lggﬂéﬁﬁggrd&@f tFabgl fRhgmBinté taehbeliswidted directly from
recombinant host ceII culture Other techniques for the production of antibody
fragments will be apparent to the skilled practitioner. In other embodiments, the
antibody of choice is a single chain Fv fragment (scFv). See WO 93/16185; US
Patent No. 5,571,894; and US Patent No. 5,587,458. The antibody fragment
may also be a "linear antibody", e.g., as described in US Patent 5,641,870 for

example. Such linear antibody fragments may be monospecific or bispecif?c.

Pharmaceutical Formulations
Therapeutic formulations of the B-cell depleting agents, like antibodies or other
antagonists used in accordance with the present invention are prepared for

storage by mixing an antibody or a fragment thereof having the desired degree
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Accordi ng to another approach, F(ab')2 fragnents can
be isolated directly fromreconbi nant host cell

W@ 0008392 Ot her techniques for the producti on BET/EP2009/000003
anti body fragnents will be apparent to the skilled
practitioner. In other embodipments, the antibody of
choice is a si ngI e chain Fv fragnent (scFv). See WD

of Wb oo e P B9, S b o

stabmﬁbhbq%émm@t@ns PhafifacelLliedl iStidfcdRtidth &ditiéh, .G, A. Ed.
for exa Such |inear antibody fragnents may be

(198@hnodped e. chUTl wfs Jgephitiged pfarpttatianscapr aqueous solutions.

| at | Ther {i i oNs
Acceinls Falfaige RS, G oflilitds' 4% Bho 1B Eliniepts at the
dosdgerdahd o@@fé@hd@m@ﬁs%mbldm mmﬁmﬁlud@‘bﬂlﬁﬁergl?‘,u@h&as phosphate,
repared for storage by m xing_an anti body

or
cntraeagmntothﬂér%rgannf‘ava%s{ @t&é@wé@ d%‘é}#éw ?iﬁqugﬁ acid and

0 I
el P BRE BTS2 YoBERBRIATRI RSP, ammoniur
chlofﬁdeenh?Sa&@ﬂgo?mm h@?]or@ﬂizl bénzaEEkion(uni%ﬁh)c)ude n bdmezethonium
ormao ophi liz t] I .
chiofigecmnanch Batyl 6f e 2)oahos. alsy! SigbFhs it Miethyl or
propgpﬁ'é?é?&nt afehiop Féht otcfiol! E?cl@ﬁéﬁ RSI; ai:!‘-?entanol and m-cresol);

centrations enp and’ 1 ncl u e buffers such
low ploteqiiat eeight (rlassethalamabouhéo resigres) palypeptides; protelns such
anti ox dants | .udi n ascor b

as sffugop qetitcLdngisadiobriserag ol sl Akrs such as

polyﬁmﬁfyrkﬁnoﬁﬂér bﬁﬁnoh%ﬂi@tm U8 chiyeimedeglutamine, asparagine,
benzal koni um chl ori de, benzet honi um chl orirde; phen

nol ,
histidhmey | acgmmzy:r éYQJDﬁoImoﬂdﬁﬁpcbaﬂdﬁénsd'§§§ﬁh%@d%t tand other

carbghxgmqg%dpgﬁjéﬁ R]rllé&gé Em%lqn&ﬁgs rC& hns %ﬁ%ﬁ%}ﬁ@aggénts such

as EDBAR; 80g4is $Qch e siuas»)sep@harmmll d@\alm@mlmblteumlt forming
as serum al bum n, gelatin, or inmunogl obulins;

COUMGEH@}hisuch B %@pm,smab@ﬁwl?%fﬁﬁyéepgnza PERIRIN complexes);
and/ﬁfn nﬁ)%ﬁ%ﬁji% Sgﬁna@f“ar%yc%ﬂ@? gl 4t NS NS PATRA)RONICS™  or

nine nonosaccharldes

polydtlﬁﬁ@tn‘élglydﬂm(PEa}Dd ot her car bohydrat es including
gl ucose, mannose, or dextrins; chelating agents such
as EDTA; sugars such as sucrose, mannitol, trehal ose

crofif 9" ltDRPP b 6, MoAOMIL Ao U Sass it s oot
expreeslyi incocp snatéd dteaetrs by uefie mnceVARNS tpyblicatioraiessihey a liquid
multlJose formulation comprising 40 mg/mL rituximab, 25 mM acetate, 150 mM
trehalose, 0.9% benzyl alcohol, 0.02% polysorbate 20 at pH 5.0 that has a
minimum shelf life of two years storage at 2-8°C. Another anti-CD20
formulation of interest comprises I0mg/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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pol yet hyl ene gl ycol (PEG. Exenplary anti-CD20

anti body formnul ations are described in W8/56418,
We@9pe8¥%Dy i ncorporated herein by reference. TPECHEP2009/000003

publication describes a liquid nultidose fornulation

conprising 40 mg/ L rituxi mal, 25 nM acetate, 150 nM

trehal ose, 0.9% benzyl al cohol, 0.02% pol ysorbate 20

oo B P R L4 S RS 4% examle

US 20080¢367¢9Aprises 1 Om/nL rituximab in 9. O rTg/ mL
sodiumchloride, 7.35 ng/nL sodiumcitrate di hydrate,

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

| nj,ecti .
T AR B oy R0 N4 DAL BRSNS fvren o
exarfiple, NBy GoadGénfifbr( Aedhaiqiesalyr. byudhtdriagial Ipalymherlzatlon for

formul ati ons may be reconstituted wth.a suita
exargpleuenhydsoymelyieaBese c8hceaelatin-BiciacdPsH and  poly-

I t
(meti&ﬁg fnt cé/l‘ﬁ ? Rﬁé%az}s#a@ébi”ﬁ‘é!s &%tmggtﬁe bﬁglrdal drug delivery
systéi:h)SSt(ﬁdrl m?pmdﬁposdnmeam albagyinormienosploeiest, arieroemulsions,
al so conte ated. See, for. I S
nanaRArtiqiRE AR NASACARRLIR RIS Ay pEmSiont: %&tﬁébge‘f'}{“q“es are

d.scmsﬁaoﬁﬁﬁ@ﬂhﬁ@tgﬁ'gpﬁhsﬁnaéebtu%asele&;ce@y16ﬂﬂwtvai i O%ol, A. Ed.
techni ques o i nterfacial po yneri zati on for

(198@>)a8pstalnegdelﬁ@aesprgpafempusdgey(he prepared. Suitable examples of

susf . BB RS o P, ABFINIRAB fhabks of sora

hydréphbobfRy Eo@hﬁé@n@or{tfam|n9>m@mrﬁagbhmswm nedthoes mre in the form
m crospheres, m croenulsions, nano-particles and

of sm@mm@pwees)e @r filns, reicméeiecRRBUieS. Esampl@écthnm%@gned -release

matfies, oy BobRstErs, Aifogelf o™ eRam 8, AP EfRoxyethyl-

metRAGRIS) | @ﬂSpclbWMnbﬁlawﬁﬂﬂ)“)eCbolfaalctldbtse(Ld»&nﬁlaes N 3,773,919),
sustai ned- rele t

coPGMIMATE 661 ol SRy BF BN o 'poF UL S LERTE] ISPk gradable

ethyi’é}{éaqﬂﬂglsécet%é C&‘?ﬁﬁéd bi€JaiEatii- I%ofu@ra'@id)ﬁoéaﬁﬁﬁé’rs such as

or m crocapsules. Exanpl es “of
the mamdDEa@we (mjectatde mictaspheres yesmposed of lactic acid-

glycgﬁdr 0 eggaél&%iﬁerf%nsqinﬁ%w{ggpﬁadqeé:;-\te)oﬁnd poly-D-(-)-3-hydiOxybutyric
acudpolhfyé ‘f%ﬂﬁh tfb?x'%oic) be Bekdl ffit ind9Rol HdminfRtatiddo must be sterile.

copolynmers of L-glutamc acid and ?
Thlseshyladlly gicaompsltsé!ednbwfltte@«qu ogigh sterile filtration membranes.

Examples

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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et hyl ene- vinyl acetate, degradable |actic

acid-glycolic acid copolyners such as the LUPRON
WOERGTEIN) (i njectable m crospheres conposed oPCT/EEB200€000003

aci dgl ycolic acid copolynmer and | euprolide acetate),

and poly-D-(-)-3-hydi Oxybutysi c acid. The fornul ations

to be used for in vivo admnistration nust be sterile.

e R, b BFEGRGHEE L ARl d6AH n ater i

cherR8ErapRNITHY Méﬁaw@r@ ridtdirtetprBiei axs , retitelde tangmphoma
Unlver3|ty Hospita a striking Smtomitlc

actlwirypran\ﬂeﬂtmeffgpt%ia&i9ﬂcfpé>a@féhm nths aftes. gharpotherapy

mntnaBPé'nc gﬁ t@g%%@d&ﬁ“g&&&% a(? Iﬁsé %&gﬁﬁtohﬁé}@géddg‘?n to the

cytofiiE lePRREs, W@&hémtﬁemmdsng@@ﬁ@samhd/\laﬂ nrmmamemodulatory
W th chenot heraﬁy and radi ation, She had a

effectelItjs @ssameshAhat the waffeats n &fmwmretwmﬁvﬁ@rrgsy'ated mainly
e e

t hepati ent experienced a marked decrease in CFS

synptons during and after che th . Th
thghgwgggvlmrtgen "?W(r@r%’i‘ e@égl Ega,ne Fgﬁartf%y pgﬁsﬁgﬁgd what our

patlé"r’Fttéfu‘(éch}’r}te?éﬁj duf@ m();t %ﬁ&%\tf%r' GRIA cftférmé‘ﬂ?i%rrﬁﬁi* n@eetdnSlusion was

ter che erapy initiation,
dongrthdtimodiéicatior aff ther$min ke gmspemnseemedaadhlkelmremianatlon of

th ff
e SSSY B sbne S Bar AP SBULEACBRR iEeg) r3f may wel be
thatt BﬁFoHﬁEe Beéélﬁ%étn%tudFFSséé/ﬁmtrpr@Fsr patieditat gd impiortant for the
hrough the drug Methotrexate adm nistered during

symptmmtmd adyo Mmlpemaév@h@g% repededt sHehons @ﬁ@traﬂ nervous
ooyl e BOGES . 3, BRBrRLPL R R OHIEGS in brain

tissBSspfiRaEnéivet rotkslior icaadliaenmekclele | nmune system seened
a likely explanation of the marked, but transient

synptom i rrprovemsnt experienced. It may well be that

t ivat t :
PosPRISRIGieE PECrRE of B ElgBBRT oohi PR eriPaites, such as
intecittioneswitle toe flodell systems thuenmaalifyireg indlasniriatoy processes, and

circulation alterati

d f
o ShhcaLatt Shealeratione. and [opette ol LURMECK ey immune
hon%%rs?éé’}g BUERf tHPIa585&VP AReIrSpeptideLMIdsBhatkl a wide range

['etiron could be at several sites, such as
of actlwtles in the central nervous system.

Taking these existing data into account, together 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, also 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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interactions with the T-cell system thus nodifying

i nfl ammatory processes, and in influencing the |levels
W@R000148%602 ant pl ei otropi c players in the i nmunBCT/EP2009/000003

honeost asi s, such as the vasoactive neuropepti des.

These have a wide range of agtivities in the central

nervous system Taking these existing data into

account, together with the unexpected inprovenent of

fatigue and pain in the CFS patient after

p,|0timnpdul atory cytotoxic therapy, it is assunmed that
-Cce epl etion as a concept could allow treatnent of
As aCfisst piloppasient,, the bsvenmentioned- wemaniggretviegn Rityiximab 500

mg/rﬁﬁfqts égg%'g&%tlaﬁgﬁ Fﬂdf{%yfrﬁggmﬂﬁ(gmzft %ngﬁg@&%g\?glahature of the

proc880FS ahdtheaidks M@tPh@ﬂtcﬁﬁre@kmeﬁuumhédt@ sl’ahde CFS with
at least a simlar effect on CFS synptons, due t

markad:Satiguensnd §b@eraSBn@él$b|Ge;§‘PeWPHh %rﬁ?fek}%&?:. [9lpdo house-
coesly, S, el HisiTic L RRSEE Al Blang,moyrment Staring

betweed figlee andf i weekd aftérnthe ihfusion, she experlerreed ah marked
nature of the procedure and the risks ol ve

'mPFPMeF\eéﬁtWeﬁVm%tHE‘%aW'H BLGIOLBN-453¢ TAUBHPK AP 8P fige muscle
pamanGeﬁr?aé"@ﬁerb‘?frng@a Wi Kt twﬁf hoiRe QechingoUseadaches,

keepl ng use n el ectrica eél -chair for
accompaoied withe aedtminghEngi ngedeoi/ve@mlﬂu gmalgesiasi. xDueetos declined

v by 3 8 R, SR i s i

do REEPRITURS Migfrk Cadi takedBSFE AT REr RWilGHYY BRkNaisd rbported a
skin, and declining headaches, acconpanied with a

marlcbdnlmpsWeTgenée@I cognitpienfunctien gedaining the ahilityea caagentrate,

ot i 48, 31, B4 L 95, ook 0 LRt AR e e

first Wu@,ldrf |éf&édqhhth|df4amve§seaﬂles¢héewommmiatﬁmfasioed then declined,
i nprovenent in cognitive functiagn, retaining the

with ghgradual butaptepmpiate relarsaal CXoasHMP®St o read and
e.g. work with conputers. The effect after the first
infusion lasted until 14 weeks after the Rituximb

Fivei hfcuﬂhenaftbhemellécrbt Riduximdbh iafugiadualhe tagaimobad stable and

cisa b G e B Gl VBl Tt 5T Ko d e Ripgmad in
the same dosage. After 6 weeks, She again experienced a gradual and major
recovery from all CFS symptoms (fatigue, pain, cognitive symptoms) with a
major effect on the quality of life. After the second infusion (also as a single
infusion at a low dose 500 mg/mz), the therapeutic effect lasted until 16 weeks,

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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di sabling CFS synptons. She received a new single

infusion of Rituximab in the sane dosage. After 6
WQRrWRES368he agai n experienced a gradual and naP@GF/EP2009/000003

recovery fromall CFS synptons (fatigue, pain,

cognitive synptons) with a mgjor effect on the quality

of life. After the second infusion (also as a single

usi on at | ow_dose 5 . il ' .
not af ianSfindbaciaP as:Alst Millkmap, BRaknEhF JAlhsver she sti
expéif@ﬂ:‘é%' a YraaLamMmpra/Ihast ihaeeabhnaition.t Theslevetspment of CFS

decided to start weekly oral |ow dose Methotrexate
symptoons isshewrsndfigere flhe second Rit uxi mab-i nfusi on,

starting at 7,5 ng per week, and increasing the dose

to 12,5 ng per week during the next two nonths. From
Pilotllatisrtks after onset of weekly Mx, she has again

He ISRUARIEH I B8l 1ANd FNOmPILEES ahel 20t %?rénﬁ?%@tuéfectuon 8
yeartshggb W@%%%aﬁ@dbﬁt@%nag{oem n%tgé‘ b f8 o w%trk since

préesent not as pronounc rapi d ter Rt uxi'mab
enchrrﬂetmgrthe ¢lotitlyy e svas sbnetlram)epleto srtoesa a;hgrramml of the days.

oL TPASRERLe i e S2I 1 G0 T RISl ERER 8L LB muscl
pamgaﬁ@ H&fadHed. fﬁéealsanﬁaai%%pe%s%éngf "sWea?l‘i‘hg and diarrhoea.

tein-Barr infection 8 years ago. had mar Ked
He rfaai sgueuamﬂ)gmnvmdtstamames dﬁtmugmbemg;anwwous experienced

unterl he entit was. constrai.n
comGUfetaPSiset. o 1ae Hiee Te (e i PRMTIPErcR, 4 fonerently
mord'eh& 1P ‘b@g@%ﬁn% bBogxhaustion, increasing nuscle pain
and headaches. He al so had fever sensati ons, sweating

and di arrhoea. He had serious cognitive dlsturbances

He \%%%%ﬁ\z%rp b%@%inﬁfﬁ?%ﬁ Wf‘%ﬁlﬁ)@ﬁ{dabe??ﬁguﬁmp”ﬁb first s(ymptom to

improoBe(E wWdeksaftertinfusidn? agdhei mn@stmulqngl-hllamﬂme; v8tarting 6
a single infusion of Rifuxinmab SOOK:%%/nQ The firs

weeks npiteminIsionr Hige qxpafiencssaft &al ué?%?ﬁn%swithea dramatic
|mprb9$ﬂ'?etrﬂrm fﬁﬂggeggrﬁl‘r}gﬁt&%&ﬁl@é@ ke%@td%‘ﬁlfé séfrb\ﬁfoms He was then

usi on ex respons
abledioapatformi manoaé kaemdu i anﬂa&njgyteqorpauter gargastandg raadimg After

the r?ei%tg\(rﬁ{/n ggwsﬁ%&legwpw%eloaaﬂ(g@b me e %{jtfv(\)/égtrgssy 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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the relatively | ow dose (single infusion 1000 ng) the
ef fect was nost prom nent until 12 weeks, and
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descri bed the clinical inprovenent as significant,
yielding a major inpact on t3ze quality of life of the
whole famly. Five nonths after the first Rituxi mab
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di arrhoea (after 3 weeks). Then, after 6 weeks

to treatmoeniydFigwre todie ha\sen@ymréﬁd wegtdy §c5ﬁ1e|0dt9§sealY|6Fh0tfexate
treathe fatigue started to inprove. The double Rituxi mab

iMFMSi on gave a clear CFS symptom i nprovement nost

prom nent 16 weeks after the infusion. Thereafter, he

has experienced a verysl ow and gradual increase i n hi s

M@@Hﬁl_&ﬁﬁ; However, 5 nonths after the infusion,
sneShuk A Shef UABHE S BBBIE ST bbb 2 s oo

Initidigyy éﬁeimtaeldtrveefkll-)bl@wal clirﬁmablptmumunhﬁt nearked fatigue, with pain
treatment. Pilot pati

inclusine INGAdAS RS CO Ve BISHRANRS nd JaRBRIG Sy mPptoms. During
the I'a'%'t Lfbﬁ‘} &Eaassr%é“%%dt REwEVEF I;})%%n%tir%cﬁﬁb ifroVefent, but still

th pai n I ncludi ng headaches,
retamegnmm@d dabguebamcess ar&emmqmmentynpt lonse mwetsg She had

t he | ast ur ver erienced sone
'"Odﬁﬁﬂﬁdygﬁﬂh ‘%%Qﬁg?h??sﬁgpdpﬂgﬁ HP&&C H7Gue, excess
sl eep reqU|renent and | oose bowel s. She had nnderate

cognitive disturbances and noderate nuscle pain
Shewassggiven a singlg dnfusieniafnRituximnabxd@Romaio rraln.lm patlent also

exp%ﬂ%@q{aat' e %& ﬁ?ﬂ}eﬁé%é%c ﬁvJegléo\X/s Qtaf rqm‘ds‘?&ﬁeSlx weeks

afted MhSi, sﬁéenbfécﬁctcﬁﬁéelmpiw\/@vmmnin ImusuleclpenrpaTlhe first five
The first five nonths, she also had sli ght i nprove

months.fshe glse, hadslighbigpeenerant Bt fatioye, é}utdtﬁfb&'?%agﬁéﬁ shorter
dura'tlﬁgtt!ﬁgpowmre m r%t“%nté—lowever from6 nonths after

usi on e experienced a major clinical
response on aII CFS synptorrs to a high level of
Howt—:‘l\J/cr;(r:,t Ifr(c)';rr]rll ? rrri]c())rgths gﬁ ?Re infusion, she experienced a major clinical
response on all CFS symptoms, to a high level of functioning not experienced
the last 7 years. She started to study full-time, and could read without
problems, and also noted a marked improvement in her short-time memory.
This dramatic improvement has now lasted for 4 %2 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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patients, in tw these with a repeated clinical
The rthsudraadaa ingtedaimpnovementoindCRS: ayinpéemsrisamne weeks after the
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CF
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herful?,ftlp‘q'tlgnm,abltrgatménweeks 47 and 49 after her first
Rituxi mab treatnent). five treatnments of the three

patients resulted in rmrked to noderate main synptom
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mpt om 1 mpr ovene een very simlar
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impragrgantyhas Been Yaiy MUl Beb tdt GHAliRR Hameld tate gnd tong-
lastiR§ fe@pBnBE Ahhatferdt8 a§ &hd¥h 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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produced by B-lynphocytes. The reappearance of
synptons after Rituximab treatnment is conpatible wth
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stemcells after the CD20 antigen directed B-cell

lysis, which is nmediated thrgugh conpl ement -directed

cytotoxicity (CDC) and by anti body dependent cell ul ar
totoxicity (ADCC). These inmature B-cells have been

. C
Ia"gﬁown to be capable of protein production, anong them

the production of antibodies.Clains 1. A B-cell
depl eting agent for the treatnment of chronic f

ZynldAoam\h&eng%nngi 20 BHRAPOFRAManteor ahionit atigussyndrome
. i RRiMane ghion
P e ARV AREC krReRRARIEIR. b T L "C090- b ndli ng

anti body fragnent thereof. 3 . The B-cell depleting

anti _CD20 anti body or CD20-bi ndi anti bady fra nt
accomenB-¢ell denlgting Wﬁ%"hap§oﬁﬁﬂgcﬁ%ﬁgﬁ"’gn1t'i‘ﬂgﬂn§‘ & a B-cell
CD2040BidiH LEP2BY ahnftiBBEy " or  B8/2RbindIng THAtIFo&#! fragment
depl g?PLég}mg;ganr?pa%?grgdiar??glﬁtggsclbgi % ZZQPV\AHnl cﬂgi S all ¥ 9
humatheredfanti CD20 anti body or CD20- bi ndi ng anti body
fragnent thereof. 5. The B-cell depleting agent

according to claim2, which is a B-cell depleting CD20

ant i hpdy gLeaprasiiebhgdang €P20DaRtibBEG 6F WHZOAInding antibody
antigen binding fraghent sel ected fromthe group

consfraignmentoficeyrding te clahnad, whighais, mepoglanal @ntibpdy or CD20-
The B:-cell depleti n cerding to any one of the
pr ecggkﬂe'ﬂg ac!ﬁ&q‘?& ﬁﬁg%%ﬁtih%ﬁqogct ed fromthe humani zed
anti bodi es Ri tuxi mab. Of atunumab, Ccrelizumab, GA101 ,

BCX-301 , Vel tuzumab or DXL 625, 7. The B-cell . . )
depl &henB-cajkdeplistiogragent accrdiIchtoLclaymi 2nwhich is a humanized

4B ot R gy e

, for the treatnment of chronic fatigue

syndrome/ nyal gi ¢ encephal onyeliti.s . . .
Y The Brr%:/eﬂgcllepletingpagent”%ccbréing 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 syndrome/myalgic encephalomyelitis
wherein the amount of the B-cell depleting anti CD20 antibody is in
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wherein the anount of the B-cell depleting anti CD20
anti body is inthe range of 10 ng to 5000 ng per

WQelawahe360® . The B-cell depleting agent accor dPGEHEP2909/000003

10.

11.

12.

13.

any one of clainms 1 to 6, wherein the B-cell depleting
agent is a B-cell depletingagnti CD20 antibody or
CD20- bi ndi ng anti body fragnent thereof for the

Cner Mo e BF BB PO G i Bof Bis385 4 ant i boay of

50 to 2000 rTg/nQ or rrultl pl e of therapeutically
effective dosages of said anti CD20 anti body or ant.i
wonbenB'rqa@ll nlebag agenfrarcotdiag e apy soetof staims 1 to 6,

h oRi fi
synd glg @%%&qlcgeﬁ’iéégﬁa #yq %t Qsﬁcéﬁpro%ﬁetmq anti CD20
st epaffibadyi norst €D2Wbindingel antitepd et Iflr@nagﬁht tr&sreof for the
defined in any one of clains 1 to 9 to a su

af f | peERistrationda A, Suﬂec%“n%tsﬂf@ﬁ!eftbﬁfi‘?%‘étﬂqédty elieeliyg dosage
fati gf‘%ﬁé'%e f"&‘# q@’qggQGO@% ﬂhald}”ﬁﬁ]mﬁl'esof therapeutically

conpri si ng m ni st e one or
i nf ueffenavevﬂoeages thnsam!oawBeQQZ@f aatlBodyl tbr M‘qml €D 2Qrbinding

ot naatBedy deaamegt eisar o o e dPadinte and

nmyal gi ¢ encephal onyelitis according to claim10 o r 11
whereby a conbi nation of a B-cell depleting anti CD20
ant i Bodseshed CIsfo- theating g mﬁoni@odﬁatrgm@gnemdnqm e@nd myalgic

wi th Met hotrexat sadmnlsterds t

sepaPHngﬁ "PY%'gh%e%?’PBPF&Pq o(?1 sﬂgﬁ (9? ?ﬁﬁfh\}/ﬁ%”g a B-cell
f r omyepleitce aly éhtgaUsedéYﬁéHOilﬁEaﬂy onv@lddi @aims 1 to 9 to a subject
encep haltoﬁr;yel I'tis. . The use of a B-cell depleting

agengaffiigtast thafgwith. any one of claims 1 to 9 for the
treatnment of chronic fatigue syndrone or nyalgic
encephal onyel i tis.

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.



