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Abstract

Signnl mansdocers and: acovators. of franscapoor (5 TAT) protemns comprise a famtly of trenscription fectors thot have been
implicated o tumoral tronsfomaton, espedally m hemotologicnl motipnancies. Becouse of this, the JARSTAT pothwoy is
atfractove @s & therspeutic tarrey o these twmoers, In the present smacy, we anslyeed the sbility of fudorabine and dwo JAR
Jinpse mnbabatons, AGI0 and WHI-P131, w bleck STATI sctvution and mduce spoptosis vn B-cell chomic ymphoovos
leikenda (B-C11) cells. All drugs were able to induce o high percmtnge of spoprosis oo B-CLL cells from all patents
stedicd. Hrwever, onby AG490 and WHETP 131 were olle to atronsly suppress the STAT activaton of B-CLL celb. In
comelusion; our dats show that JAK knase mlubitors, such os AGA and WEI-PL2 1 are able to mintnt the STAT | pathway

an B-CLL cells and are strong Inducrars of apoapiesis on these celk

Kevwords: STATY, B-OLL, apopreas, fudarabire, AGH00, WP 31

Introduction

Signal tromsducers and  eCOVEDOCS O DIONSCTIPOON
(STAT) proteins comprise a family of rranscription
fircrors invalved 1 normal céllolar events, sich os
diffcrentiabon, proliferation, oell survival, apoptosis,
nommal hemarepoicsizs and reguladon of hemam-
poreuc  cell fuscoon |1, Mowever, -abesranc
activation of STAT mgnaling mives rise o vanous
patholegienl evens, such a5 cell ransformnaton and
oncegenesis, specilly in hemamlogical mabgnom-
aes [2). Implicaoon of the JARSTAT padweay o
these disosders hae been widely reported. JAKs and
STATs nre conspmbvely setivared in hemompoienc
cells momsformed by oncopenic rvosine - kKinases
and also In a8 vaneoy of - iymphamas and loakenias
[3 6] Direer evidence implicating deregulation of
the JARSTAT pathwsy in hemamlogieal malig-
nancies was e idenrification of the TEL-JARKZ2
fasion  protein causing constitudve  activadon in
Imphoiwd and  mvelod
hurmans |[7.8).

leukemias o mice and

Hecell chronic [ymphosync leukemia (3-CLL). the
moat common leukemia o the Wieatern world, 18
charncrenzed by the accumulonon of mamre Cha +
B-cells arrested in the Gi¥eardy (51 phase of the cell
pyohe, There s srrobe evidence thar the B-CLL s
primanly related o defécove apoptosis [9 - L1).
Although serine  phosphorviagon of STAT] and

STATS hoas been described w celle from unoreaoed

B-CL1 patents | [2], no constitutive omosine phos-
phorvlanon of §TAT: has been ween 0 B-CLL.
However, it bas been reported that fudarabine was
able to mhibic STAT1 signonbng o Iyvmphocyies and
ather cell topes causing a specific deplenon of this
procein and, therefore, suppressing the abilicy of the
celis to repond w inrerferens and others oytokines
and growth factors that mediam teir action through
thee acrvation of STATL | 13]. This observation raises
the possihiiny that, althoogh orosine phosphoryla-
don of STATI has oot been  obsorved i
unsmulamed (gells from B-CLL. patens, STAT]
cold be a key factor m the manwmussion of

anuapopmtc signals in B-CLLL It also supports
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further smudics on drugs able © block the STATL
activation for we @ therapeotic drogs on B-CLL
patencs, In hine with ths observanon, the JARK kinase
inhibiwor AGE90 suppresses the growth of acute
Iymaphohlastie leukemdn (ALL) cells i an tn vites and
in vivo moddel withour pfecdng normal hematopssi-
esis [14). Another JAK kinase inhibduorn, WEHI-P 13,
ind uces apeposs oo severl leukerue cell lmes ond
ALL cells [15,16].

In the prosent soudy, wie analvzed che abilice of
fludambime, o well known inductor of apopross in B-
CLL eclls, and mwo JAK kinase inhibirors. AGAS0
[17,18] and WHI-PI131 [19], to block STATI
acovation oo B-CLL cells, We alse smdied the
ability. of these drugs o indoce apoptosis on these
cells, Our dam show thot while all drogs were able to
induce apoptosis on the B-CLL samples analyeed,
onby A0 pnd WHI-P131 were able w soongly
suppress STATLD actuvation by ilerferon-ganimi
(IFN-7) on B-CLL cills,

Marerinls and methods
Pariemy and call samples

This study included 18 padents with B-CLL
diagnosed according to smndacd erteria. Penpheral
hload mononuclear cells (PEMC ) were isolated from
bload  samples from B-CLI patients by density-
pradienr cenmifugadon over Ficol-Hepaque (Lym-
phoprep™: Nvecomed, Oslo, Norway), All B-CLL
samples selecred for this study contained more than
0% of CDNe+/CDS + mmoml cells ox dewermined

oy How cvromeny analvsis. Table | summarizes the
clinical features of the |8 patents mcloded m the
vy, 1o some cases zoudies with all drogs were not
done because of unavalabilioe of cells,

Heagents

Fludarabine phosphate (Beneflur; Schenng, Madnd,
Spain) was used in coll enltures a1 afinal concentra-
don  of 50 phl.  AG00 (Tyrphostin Add
Calbiochem, San Dicgoe, CA) and WL 3 (Cal-
hochem: San Diepo, CA) wore solubilized in DMS0
(Ihmethvl sulfoxide, Merck, Hobherbrunn, (Ger
manyvh, stoced ot — 20°C . and protected from lehe,
AGAYT and WEHIE-I*1 3] were used in cell coltures ats
finul concenmragon of 7O pM. Hummn intederon-
gamama (hiFN-7: Roche, Mannhewn, Germany) was
used at o final concentranon of W0 Uml L

Ciell cuidtreres

PBMOC from B-CLL pagents jsolaced by densiny-
grndienr centeifugarion were resuspended ar concen-
trathans of 4 = 10% cells ml ™' in RPMI 140 (Bio
Whirmaker, Vervicrs, Belgium) supplemenned  with
10% Fewal Bovine Soerum (Bio Whitmker, Verviers,
Belgpum ), pemolhin 1 LT ml t RETEPITRC I
Lon g ml " (Bio Whirtmker, Verviers, Belginm)
and 2 mmol |1 plutamine (Gobeo BRL, Rockalle
MDY and culmared ar 377Coand 3% of COy,

PBMC were incubared with diags or mancamed
unireated for 24 b Becanse AGE90 and WITI-1*]1 31
were solubilzed m DMA0, cells meated only with

Taoble L Chracol feonres of g 18 B-CLL pateniy mooded m the snady

Age Thommtien Leukociie Lymphneye R Previnis
1 patients {yewrs) AgeRex of diseake connt { o AT camend {0 [GGT) vtagingy * b Tk
o 34 F L] 1413 11.25 n Peame
TA 12 M o fedl 1068 Il Binite
114 Tl F i 3192 2362 i} Bl
130D 5 M ¥ 7333 f4.53 1l N
140 91 F T 743 404 I Nome
I53a il M < 1409 166 0 Moo
234 a3 ht | 11 2505 2337 | MNamne
298 a5 F & 33,93 2815 a Boie
A LT bt | T (S8l ] &7 fl Naome
A ] it 3 E+11 17138 1l DNanae
124 P M | FRAR Bl il Mane
33A Lo 3 14 2T.04 283 il oo
A 71 AL | 20,30 14,08 I o
30A k] M Z (L 1%:39 ] TNae
L e M 3 3205 2727 i Bnifle
A 18 ™ 3 2383 157 1l DNne
HIA ] M . LL R 2442 i Mone
LA TE F 4 619 Jau w Naone

*Provious tregmmont In dee last & months
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DMSO for 24 b were wsed as o control. After
treatment, PMBC were actvated with BIFN-p for
30 min, Cells were then vsed to perform cell extracts
for EMBA,

Awnalvets of apomosts by anrexin 1 bindivg

Exposure of oanslocsned  phosphorydilserime o
apoptodc G119 + 0105+ B-CLL eells was quanti-
fied By surface pnnexin Vo obinding smining s
previously described [20]. In brief, 2 = 1o? aliguots
of conmals and drug-treared mononuclear colls were
collegred, washed m PBS, ond incubased  with
phyooerythrin (PEcomugaed anu-C D19 monocio-
nal anthody (Immunotech, Marsetle, Fanee), and
phyocoerythrin-cyvamn 5 (Pod l-ecomugmed and-C05
minoclondl  antbedy (Immunotech, Maorseille,
France) tor 13 mon i che dork, Then, cells were
washed and resuspended in 200 jil of hinding buffer
(10 mmal 7 HEPES, pH 7.4, 2.5 mmal |7
Cally, 148 mmol I NaCl), and incubated with
0.5 pz ml ' of annexin V-flworescein isothiocranaie
(EITC) f Bender MedSverems, Vienna, Austrad tor
15 min i the dorde Samples were analysed on on
Eprice XL-MCL (Coulter, Maami, Flordad, Flow
cymmerrv dara were analveed wsing ML sofrware
{Coulwer, Miami, Florida).

Apoptosis me B-CLL samiples was anoalyzed at (5,
24. 48 and T2 h of weaument with the corresponding
drugs {Budarabime, AGLY0 and WITT-P131).

Ol expract

Coell extmace from PRMC froom B-C1L samples were
ohrained as previonshy described [21], Brictiv, aftor
rreaoment with tie different drues and QIFRN-y, cells
were pluced on ice and washed mwice with cold Tros-
boffered suline (THS: 10mM “Tros-HC pH 74,
50 mdd WNaCl, They wepre exoeacred in buffer
congming 10 mM HEPES pH 7.9, 10 mM KCI,
00 mM EGTA and 3 mM MgCle 3 with 1 mM
DT, 05 mM o phenyvimethylsulfonyl  fueride
(IPMSFY, and L0 pg ml ! protease inhibiror cockeail
Complere Mini EDXTA<free  (Roche.  Mannhoim,
Germony), Insoluble marerial was removed by
centnfugatoen ar L3000k g for | oo, Soluble moten-
4l was considercd oy eymplasmanc exoact and swred
ar — 80°C,

Hlecorophorete Motalioy Shai Assay (EMSAD

LEMESA was performed acoording to Kanoo = el [22]
with some modifications [23]. Brieflv. cell mmcmn
were: menbared with. 30,000 copm. (equivalent
oppros. | agh “Plabeled Fop oligonucleonde (5-
GATCGTATTTCCCAGAAAAGGAAC-Y and i

complement) 15 0] of binding buffer 20 mM
HEPES pEL 7.9, 50 mM ECL 10% ghvcerol, 0.1 mAl
EDTA pH 7.9 0.3 mM DT conmaining 4 pg of
DA calf dhvmus (Pharmacia Bwotech, Uppsala.
Sweden!. All extmcts were normalised for proten
comcentranom  using  the Bio-Fod  prorein assay
rescrive (BIO-RAD, Munchen, Germany) sccording
- the manutecmrer’s instrugtons. [newbaton wies
performied at room wmperntore for 20 min. The
priduets of the hinding reaction weee then sepuraned
o a 3% acrylamide gel m runmng boffer (Trs-base
an mdl borc acid 90 mde NaaEDTA 2.5 mM) ot
200 ¥ for 1.5 h, The gel was dred. autoradiographed
ar —HC and the band shifi meensioes were
assessed  with  Floor-5 Muololmager  (BIO-RATD,
Hlercules, CA) usimg software Quandfy One 3.1,
[BIC-RAL, Hercules, CTAJ.

Three EMSA mdependent assays were periormed
for cach sample. Extract from B-CLL cefls activared
with T FM-2 sy considere d as the positive contral of
the acowvation. of the STAT1 poathway, STATL
acovation of the drog-treaced oxwacts for each
leukerma was calvulared i percencage values takmp
the mean EMEA dpnal from it posinve contal m
LUK of notrvation.

Dara anates

EMSEA pesulre ure shown de mean S of daee
expenments ench. Statistical sipnficance was oval-
wited wsing Student ¢ test A Povalue < 00T was
constdered  sipnibicant,  Associonons  beoween  the
inhibiden of S TATL serivadon induced by the drugs
on B-CI1 cells and drog-mduced  apoproesis were
determined wsing Pearsen’s corrclation coefficient. A&
Fvalue ol = 0.05 was considered significant

Resulrs
Analyss of drg-iduced apopross

Flow évtometry analysis with annesin V-FITC
staming wis porformed o measure drog mdoced-
apaprisis in B-CLL cells~(Figure 1A, The effcer of
the drugs on the viabilicy of B-CLL cells from all
potients ot several ome pomes (18, 24, 48 and 72 h) s
ghown in Figure 2 The datn of drog induced
apaprosis of each B-CLL parient ar 72 v 15 shown
in Table 1L Samples weaed with fludorobine, AG-
494 or WHEP131 ot 72 b showed high percentges
of nanexin Voposidve BoCLL cells. As expected,
fudarabine mduoed apoptosis | all samples
(e = T7:8% rnge: 4465 -93.1%: P< 0.000011,
AR and WEIL-PI31 akso induced apopmosis in
high percentnges in B-CLL eells (AGHMQ
mean = 8% e range: 51T - 96,3% P 000000
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Figure 1. Flow crasmeny dnd EVSA snulvas 0 o repredentanyw B-CLL padent, Pl oymeiee iy way perfommed wommalye spopisds w B-
CLL golly o vitre by o BACTT, patien {CLT £0AY after 72 b of tregument with fludpesbing, AGA00 and WHE-P131.0A) Apoprogis in B-CLL
cells wus expressed e percentage values of CTHS 4+ 00D + B-OLL vells somexin ¥V pasitive, The histogram shows spopiosis sith the dogs
(hlack) oo opoptosm oo controly [prepd. (B EMSA wan perdformed o analyee drog-induced inlobitson of the hIFM-induced STATI
pctivatieen n the samse patent (CLL 404, (L) undreatgd B-CLL cells; (2} B-CLL cull teated witly WIPN-+ (3] B-CLL cells treated weith
fludorabime 30 oM and dren with LWIFN-7; (4] B-CLL celle weaved witk WHI-P131 170 ol end lager with hIFW-y, (3 B-CLL cells wesed
with AGHI0 L T0 i and then with. hIFN-0, EMSA woee perfurmed uning ¢l s fom hTFMN—stimulated B-CLL ¢ells pravioushy
wreated or imtreavsd with the different drues (fludirsbice, AG390 and WHIP1 1) for 24 hoand 3 "Polabeled Fop alisinuclkeotde probe.
DNASTAT] complexes were separmiel by 3% pordamade gel, amd the revuls were aoolved by Fluoe-5 Mulnlmages, Detailed
methodology i gven uader Materidls and methods o this representative BACLL sample. only the previons reamments. with AC9Y and
TWHI-PI %) were able to inhibit the acinmtion of STATL induced by AIFN-y (Block arvow).

WEHI-P131: mean=844%; rmoge: 67,3903, with Hudarsbine, AGAM0 and YWWHI-P13]l tor 24 h

P 0000001 and wis comparable m apopisis
indvuced v fiodarabine (AGH90 vy, fodarabine:
P=0287T; WHI-PL3] va. Hudorabine: P=0.251%

Anadysds of drup-fdieed mbibicon of STAT acdvarion

Analwis of the Inhibigen of STATI octivaton
induced by the deugs on B-CLL samples was
pedormed by EMEA. Figure 1B shows cell exrects
from a represen miive B-CLL sample meated i vitm

und umalyzed @ evaluane mhibidon of hIFN--
indoced STAT | activaton. In this sample, previes
reament with Hudarabine did not inhibic STAT
actvaten by hIFN-y whereas treatment with WEL-
P131 and AG400 inhibited ]:‘-]I-"I‘-».—';'-hi.dul:cd STATL
actmvatien (Figure 11

In the case of fwdarabine when B-CLL samples
were wented with 50 M dose for 24 b, a decrease
tnean = 22.6%; range: 0 - 73.2%; P=0279% Figure
FAY o che mmount of STATT acovated by TFN-y was
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Frgure 3. Winhahdy of tumoral celle frome all B-CLL patiests ieeifed with the diges at several fme points, Treatmest with fudarabone o
50 bl was mepralioed aguiost contrel (untreated cells ], Troatmesnt with AGH0 al I70 ubd and WHI-PI3L st 70 ubd wae noemalaed
agaites DIMS0, B-CLL el visbility is shown a5 mean percentape -+ standord devistion

Table [L Drug-nduced apoptoss of the |8 B-CLL patenis mcluded in the study.

I panent Comra Fludorahime 50 M DMSO 10 g m) ! AR TO M WHETTE 170
L1 ([H] 34.% (G 2] ¥ o LA |
TA 352 L E B8] o 5] W
1A ND NO 13 45 1 W
131 n.g 6.5 (] a5.3 864
(19 148 50 1l MDD i
15A WO WD 26,3 x| WO
124 S K] ] 6.1 M i) b
78 144 L Eidi] 173 [ g T
A HA T el ND ND
IiA B (el 28,1 XD it 5
32A 1.7 DoE D ND MO
LR a3 i1 125 a4 L
A (LK Gy 2ZR e T N0
IHA (-0 iy 9.5 NI s
oA A 194 WD HND N
ELT N 10 bl 281 7.1 ND
408 {iFpy ; T 228 033 B3.2
41A 50 fi5.4 L85 45 KD

observed. Only m owo samples the mbibioon of
STAT! ocovaten  wios o significast (CLE TA,
P=o007 CLL 41A, P=d00d3),

When B-CLL samples were menmed with AGE940, a
JAK kinase inhibitor, o strong inhibiden of S TATI
signal was found m 1 of 11 B-CLL samples
(mean="70.2%: e 3.7 - 1000 P=0.004; Fip-
ure 301

WHI-P1¥] bas been describoed oas o selecuve JARKS
kingse mbibicor [24], and 0 chowld oot affect the
activaton of the STATE parhway by IFN-;. Surpris-
ingly, when we snalvzed inhibinon of S5TATI

soovapon by WHI-PL3D (Fgure 300, @ somong
inbibition was observed in 6 of the 7 samples
(mean=TET"; moges 36.5-060.4%; P=00043),
Remarkabiv. a srrong correlarion bemween inhibinon
of STAT] petvaden and opoprosis was found with
WHI-P13] (RE=0.T116, P=0.017),

Dhiscussion

The results of this swudy clearly show thar white
Hudarabine, AGHH and WHI-PI131 weee ahle m
indirce o high percentape of apoposs inall analvzed
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Figmre 3. Effect of drugs im the STATT activabon on B-CLL cells. (A EMSA analysis of the ssmples ooen 15 B=CLL patiens treated in
wimmo with 50 M Hudarabine for 24 by (B 11 B-CLL pavens rosted inovicroowach 170 obd AGAS for 34 be 800 7 B-CLL partents meatad in
witrn with 170 M WHI-F13] for 24 h. This Aouré shows metn peroenmape + stundard deviotdon of three independient EMSA cxperments
perfinnad for each B-CLL sumpleo, Bxoract from B-CLL cells notvated with hIFW-; was considensd an the positve comtral of the actismtdon of
the STATI pathway. STATI activanoen of dee drug-meared exmrasts for each leukemin sample shown: as percentage valwes mking the EMSA
sl from 1t positive control as 100, of activarion. * Sgmiticany decrease m the activanon of STATT nn B-CLL cells memted vwith Ads440
compared to commrol vitdog gt ? - 0,05, **Sigmificont deease @ the scovation of STAT ] on B-CLL cells mreoted with AGHEN compared o
eomim| yehis ot P 0]
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STATY i fludavabine and FAK kingse tnfubitors-tnduwced apapiars o B-OLE T

B-CEL samples, ool AG490 and WEHH-P131 were
able te strongly suppross the sctivation of the STAT
pathway, The mle of tfludarabine ns mductor of
apopiosts. oo B-CLL cells = well koown [23].
However, toy our knowledge this s the fisr ime that
apoptodc activin of AGIO0 ond WHI-P131 s
showed on B-CLL cells,

The role of fudambine in STAT] mhabinon s
unclear, Although a provions study [13] had shown a
strong inhibitdon of STATL on lvmphooyes treared
with Hudarsbine, iIn » recent stody by the smmce
group. only o alight inhibimon of STATI on
fiudarnbine-trearcd B-CLL colls was found [26]. In
lme wath this, we tound a oot sgnificant ihibinon of
STATI scovation o the groop of B-CLL samples
mented with fiudarobine,

AL, a ryrphostin fzouly molecule, was nchaded
in this sudy becauee it was fisst desoribed as o
selecnve dnhibivor of JARS roroeine koase [27]. and
therefore able oo interfere with the actvanon of
STAT by IFN-7. In this paper we hawe shown that
AGAIN inhibies STAT] acovation, and onporcandy,
induces spoprosis of B-CLL cells: Nevertheless, sinee
AGAU0 has also been described as o JAKS inhibitor
[18,28], o role of this pathway in apoprosis of D-GLL
celle nduced by AGA90 can oot be ruled vur

The other JAK kmase mhibicor used m this scudy,
WHI-P131, hoa beon described ns n specific inhibitor
of 1AK3 [19), and abolished the thrombin-indoced
wrosine  phosphorvlaton of STAT] and STAT3
dependent on oouvicy of tis JAK kingse [24],

Moreover, smnce the STAT] activanon by 1TFN-7 15
dependent of JAKT and JAK2 kinases, as provicusly
reported [29], our dote support that WHI-PI3]1 s
able w inhibit JAK] and/or JAK2 kinases on B-CLL
celle: Io s worth mentiomng thot when B-CLL cells
were meated with WHI-P 131, a significamt correln-
ton  wos obderved berween the suppresion of
STATI activation and the apoptosis on B-CLL cells.

It s heen deseribed thar several cyookines, such
as IFN=; [30], 1L-4 [31] and TL-8 |32), inhibit in
vitro Apoptoss inoa large percentaes of B-CLL cells:
ared dhiar B=CLL cells produce IL-T, and express [L-T
receptor which could bave a key role mthe lenkemic
process [33]. Themfore, drugs hike AGA90  and
WHI-F131, able w suppress. JAK kinase signoling,
could block the sntispoptetic signols provided by
these or other cyrokines and growth fncoors, explam-
ing the strong indocton of mpopresis by these drogs.

In eonclusion, our study showss tor the first ome,
that arigs thar Block the JAESSTAT pathway, such
as AGAOD und WHIE-PL31, induce apoprosis on B
CLL cells. Since spoptosis induced by Audarabine
docs not seems to be relared with inhibigon of the
STATI pathway, combination of this drug with JAK

knase inlubitors could be synergistc for inductoon of

apoprosis on B-CLL cells. Based In these datp,
combination of these drugs offers a potengal new
Wity 1o treat patents with B-CLL.
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