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B-gell chropic bymphocyiic leukensia (B-CLL) is 2 hematological maBgnancy chamoterized by the
asccumnulbstion of matare CD3 + B hvmphocvies with a defective apoplosis. A subset of Blood
monocyiesdenved adherent cells genemied & vivre profects BCLL oells from apopiosis playmg a mole
us murse=like cells (MNLCsh Fludorabine (% §8-n-ambinofuranosyl-2-Auorcadening F-ara-A) is an
ndenine nucleoside analog used to trent B-CLL. To guin insight into the mechanizms implicated in the
antitumoeral efect of Audarabine in B-CLL cells, we pedformed cross-coliures with B-CLL cells ard
MLCs treated and unireaied with fudarabipe. Our resulis showed that fhedarabine blocked the

ol MLCs and isduced apopioss in these celk when they were preseal i culnare.
Moreover, CDM% + (CDS + B-CLL cells treated with fudarabine underwent apoptosis and this event
wiid 101 related with the presence of NLCs whether treated of not with flisdarabine. [n conclusion,
apoptoss ndecad by Nudarabine in COIS + (CD5 + B-CLL cells was due 1o a direct effect on these
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ells and mod due Lo i olect 1o the NLCs.
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INTRODUCTION

B-cell chronke Iymphocytic leukemia (B-CLL) is the
mosl common leukemia in the Western world. B-CLL is
charactenized by the accumulation of mature CD5 + B
lymphocytes, that are long-lived cells arrested in the GV
carly 1 phase of the cell cycle. supporting the
hypothesis that the B-CLL is primarily related to
defective apoptosis [1,2]. Genetic defects and external
stimuli may both influence the cells abnormal behavior
[3]. Despite their longevity iv wve, B=CLL cells often
undergo  spontancous apoptosis. @1 vieee  [4,5]. This
implics that programmed cell death in cultured B-CLL
cells resulis of the absence of essential survival signals
amd the resistance to apopiosis is nod intnnsic o the B-
CLL cells [5]- These extermal signals can arise from other
cell types either producing growth factors [7] or by divect
contact with B-CLL cells [E]. Therefore, regulatory
sagnals in differemt loci, could play a key role in the
probonged survival of B-CLL, discase progression or

resisiance o therapy & vive [9). Mevertheless, neither the
cells noe the factors thal are involved in this support of
B-CLL eells are clearly known.

Among the cells that have been implicated in the
survival of B-CLL in vitro, a subset of blood-denved cells
that spontancously differentiate dn vitro into round or
fibroblast-like adherent cells has been deseribed [10]. The
cffect of these adherent cells on B-CLL viability is
mediated in part by the chemokine stromal-derived factor
I [11]. These cells attract B-CLL cells and support their
survival through a contact-dependent miechanism, so they
have been termed nurselike cells (NLCsh It has been
hypothesized that these oclls probably represent a
distinctive hematopoictic cell type of monocytic lineage
it vive, which differentiates from CDI4 + cells and
protect B-CLL cells from apoptoss [12].

Therelore, cenain classes of cells play a fundamental
role in the survival of B-CLL cells, Currently used
therapentic approaches or approaches that may be
apphed m the foture would not only work because of
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their effect on B-CLL cells but also because of their effect
on cells which play a role as “nurse™ cells.

Fludarabine (9-fi-D-arabinofuranosyl-2-fluoroadenine;
F-ara-A) is an adenine nucleoside analog resistant to
adenosine deaminase that has been extensively used to
successfully treat various hematological malignancies
such as B-CLL [13]. Although F-ara-A’s major action is
inhibition of DNA synthesis [14], clinical investigations
have shown strong therapeutic activity in B-CLL and
other indolent lymphocytic malignancies with a very low
rate of proliferation. Other mechanisms of action have
been shown for F-ara-A, such as effects on methylation
[15], DNA repair [16], and nicotinamide adenine
dinucleotide metabolism [17]. Although the incorporation
of fludarabine into DNA could be the key event in
causing cviotoxicity in proliferating leakemia cells, the
precise mechanisms by which fludarabine kills B-CLL
cells remain unclear becanse of the guicscemt mature of
this malignancy. Inhibiton of STATI sipnaling [18] and
inhibittion of mBRMA  transeription [19] have been
implicated in the effects of this drug on B-CLL.

To gain insight into the mochanisms mplicated in the
antitumoral effect of Audarabine in B-CLL cells, we
decided 1o study the effect ol this deug in both B-CLL
cells and MLCs, The goal of the study was 1o know if the
alterations induced by Audarabine in the WLCs had any
elfect on the survival of B-CLL cells, or il the direct
action of fludarabine in B-CLL cells, was responsible for
their programmeed oell death.

MATERIALS AND METHOYS

Paticnts and Cell Samples

Three B-CLL patients diagnosed according to standard
criteria were included in the smudy. Patiemis were
untrcated in all cases. Table | summarnzes clinkcal features
of the three patients. In all cases, more than W% of total
lvmphocyies were CDI9 + TS + B-cells as determined
by How cylonmeiry 4|r|.i|]:|.':ux.

Reagenis

Fludarabame |‘||1|:u.|':-|'|.:|.1¢ wat oblaned Trom 5.1,:|"|L'ri1||5
{ Madnd, Spaind and was wsed in cell cultures at o final
concentration of 50 M, Fludarabine dose wos chosen on

the basis of our previous experiments, showing that

50 uM dose was able to block the growth of NLCs (data
not shown). This dose was also able to induce apoptosis
of B-CLL cells in agreement with previous reports [14,20].
We did not observe differences in the susceptibility of B-
CLL cells and NLC to the action of different fludarabine
doses (data not shown).

Cells Samples

Peripheral blood mononuclear cells (PBMC) were
isolated from blood samples from B-CLL patients by
density-gradient centrifugation over Ficoll-Hypaque
(Nycomed, Oslo, Norway) and were suspended in RPMI
1640 (Bio Whittaker, Verviers, Belgium) supplemented
with 10% Fetal Bovine Scrum (FBS: Bio Whittaker,
YVerviers, Belgium)., pendcillin 1060 U/m]  strepiomycin
100 jegml  (Bio Whittaker. Verviers, Belgium) and
2 mmol/l plutamine (Gibeo BRL, Rockville MD, USA)
al concentration of 2 o 4 = 10° cels'mL. PBMC were
plated in tissue culture flasks (TPP. Trasadingen. Switser-
landy and cultured at 37°C and 5% of OO for 14 days in
order to allow the growth of NLCs.

lmmumaphenotype af Sorse-Like Cells

Phenotype of MLCs was performed by immunchisto-
chemscal  staining. After cell culure for 14 davs
suspenson oells were removed from the fask and NLCs
wiore washed ¥ times in Phosphate- Buffered Saline (PBS)
and rwice m methanol, Adberemt cells were Tixed with
methanolacetone |:1 for 10 min, washed once in PBS
and mcubated with ponmary  moenoclonal  antibodies
against CD13, CDI4, CDI5 CDI% CD35 CD34,
CD45 CDI23 and HLA-DR  (Dako, Glosirup,
Drenmark) at poeom temperature for M min, washed 4
times in PBS and incubated at room temperature for
30 min with alkaline phosphatase conjugated secondary
antibody (APAAP mouse monoclonal antibody (rom
Dake, Glostrup, Denmark)), A color reaction was
developed using the Fast Red Substrate Svstem (Daka,
Glostrup, Denmark) according  the manufaciurer’s
insructions., Specimens were examinated on oa Leiss
Axioskop microscope (Carl feiss, Thomwood, NY') and
digial images were capiured with a Spot1 Coge Digial
camera (Diagnostic Instruments Ing., Swerling Heights,
ML USA)

FTABLE | Chmical feiwres of 1he B-UCLL patiemis included s the sindy
Lewcocyic cound Lymgphosyie count
I paibznis Mg (yoars) Sex {ow DORITH | = D0 Binei's stagimp
Pakicat 1 EL Malk .72 Xl A
Patient 2 5 Femalke w7 R ] A
Paticnd % % Make 15,14 1316 A
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Analysis of the “Nurse” Effect of NLCs on B-CLL
Cells

After 14 days in culture, we performed cultures of B-CLL
cells with or without NLCs in order to examine the effect
of NLCs on the survival of B-CLL cells (Fig. 1A). In
order to asses the possible effect of manipulation on the
survival of B-CLL cells, suspension cells from | tissue
culture flask were separated from NLCs, both cell types
were washed in PBS 3 times and cultured together again.
Suspension cells from another culture flask were
separated from NLCs, washed 3 times in PBS and
cultured in a new culture flask without NLCs, A 3rd
culture flask was maintained untreated during the
expenment as control of spontancous apoplosis,

Cross-Culiores

After 14 days in cubure, we performed cros-cultures
(Fig. 1B). Four culiure flasks of cach B-CLL were reated
with 50 uM fludarabine Ffor 24 b and 1 fAask was

maintained without treatment. Suspension cells were
separated from NLCs, both washed in PBS and mixed
again in such a way that fludarabine treated and
untreated suspension cells were placed in presence of
drug-treated or untreated NLCs in the 4 possible
combinations. As control of apoptosis induced by
fludarabine, | flask was treated with fludarabine and
maintained during the experiment (Fig. 1B: F1).

Analysis of Apoptosis by Annexin V Binding

Exposure of traslocated phosphatydilserine in apoptotic
CDI19 + /CDS + B-CLL cells was quantified by surface
annexin V binding staining as described previously [21].
Bricfly, aliquots were removed from cach flask at the time
points indicated below, and incubated with phycoeryibnn
(PEconjugatead  anti-CDI9Y mosoclomal  annbaxdy
(Immunotech, Marseille, France), phyeoenythnn-cyamn
S (Pedi<onugated  ant-CD3  monoclonal  antibady
(Immunotech, Marscille, France) and annexin V-fuor-
cicein  mothiocyanate (FITC) (Bender MedSysiems,
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FIGURE 1|  Paned A Schemati represenation of analyss of the "marse” effict of MLCs on BCLL cdls. PMBC from three B-{LL patiests were
culterad for 14 dayvs in cadtuse flasks wo aow the prowth of MLCe One of them wis malsiained o controd of gponlanes s apopiosis (A 1L As costrol ol
s g Lt b, s vibeoen el (CLL Y el MLCs (NLC) from another culture flask were separmed, waihad in PBS, mised and caliured ogeiber agasn
(AZ), Swrapenaion gl and MWL from a Jed culvure Bk were separated, botd washed in PBS and then, suspesnson cells were callural withom NLCs
[AE), Fanel B Schemaisg fgpecscnlalon of ¢rosscullise of Sudamabane Eeated celli. PMBC [rom 3 B-ULLL patienis were cultunad lar 14 days in caliure
ik b allow the growth of NLCS Thersaller, 4 culbiing Nasks of ¢ach B-ULL ware treated wilth 50 uh talarabens fod 24 B (hold ke asd | callise
Aok were umlrcabsdl. Thin, suspengos oells (CLL) and WL (NLC) wire sepa raled, washed in PES and neaod m folkms FL eoairod of Bodarabene-
il i @ poplosis {mos-scparatod spspension olls and MLCs weiad with fludasabinek FE suspeason il and NLCs iraied with fhedarabeas F3
Supension cells (realed withoul NLCs Fd: unereated sagpension edls amd MLCs preated with fAudambine and, Fd seqenson cells irented with
fhesclamn b e wnirented MLCE Apopioss of CD19 + C0E + BLL s from cach fask was snalyred by anmexin V sininisg ar 0 b {imassedis ety
belioe ifesimenl with Hudaratenc], 24 b (eenedwately afier the eross-calimre), 43, T2 and 96 & afier rcacmest with Audagahise
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Vienna, Austria) for 15 min in the dark. Samples were
analyzed on Epics XL-MCL (Coulter, Miami, Florida,
USA). Flow cytometry data were analyzed using XL2
software (Coulter, Miami, Florida, USA). Apoptosis of
each sample of CDI19 + /CD5+ B-CLL cells was
analyzed at 0 h (immediately before the treatment with
fludarabing), 24 h (immediately after the cross-culture),
48, 72 and 96 h after treatment with fludarabine.

Viability Analysis of NLCs

After 14 days in culture, NLCs were maintained
untreated (Fig. 1A: NLC ectrl) or treated with 50 uM
fludarabine for 24 h (Fig. 1B: NLC flu) from the 3 B-CLL
paticrits, Then, NLCs wers washed 3 timés in PBS and the
remaining MLC: were counted 10 davs afier the
preatnent in 6 rmmdon microscopy fickds for cach sample.
In all cases, viability of untreated NLCs samples were
miore than 50% and kess than 20% in fAludarabine-treated
WLCs

L. MARTINEZ-LOSTAO et al.

Statistical Analysis

Flow cytometry results are shown as mean + SD of 3
experiments each. Statistical significance was evaluated
using Student s-test. A P value < 0.05 was considered
significant.

RESULTS

NLCs Are Detected in Long-Term Cultures of PBMC
from Patients with B-CLL and Express Surface
Markers of Blood Monocyte-Derived Cells

Large adherent cells with round of fibroblast-like
morphology, appeared afier several dayvs in culwre.
When the surface markers of these cells were analyaed
by immunohistochemical staining (Fig. 2), they were
staned stroagly wath monoclonal antibodeses  agaimst
CDxid, CD43 and HLA-DR (Fig. 2B.G.0) and stained
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FIGLURE 2

Emmunophsaotype of MLCs, PV BC from a repeesemtatng B-CLL pasim agee iscubated For 14 day and misparmeon oelb were remoed
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pleosphaiase conjugaied secondary anishody. A color reaction was developed resuliing in a red sais for positive cells. Specimens were examised on a
fevs Axiskop emcroscope (Carl feism, Thomwood, WY, USA). [pial images were capiured with a 3poi Cope Digaal camem ([EMapnomic
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FIGURE 3 BMLCs prodoct B-CLL cells from spontamoous apoploss.
Suspension oells were ouftured in presemoe or absenoe of NLCs. PMBC
from ihree B-CLL paisenis (Pabent |, Paisont 2 and Patient 3) mere
cultwred for 14 days in cultare flasks {0 aBow 1he growih of MLCs. One
of them was maininised & control of spontansses apopiboos (ALL In
ceder 1o s the effec of manipalation on cdlls, suspencica oolls {CLL)
and WLCs (NLC) frem anober culrure flsk were separsted, washed in
PBS aml mised culturad pogether agaim (AZ), Suspension cells and NLCs
from & Ind culvare Mask were separsiad, hoth washad & PHS and thea,
wmpensiof gelli were calural withom NLOs (AJL Apoploss of
CDg 4 C0E & BCLL cells from ewch flack was amalyred by annesin
¥ staiming at O h, 34 b {nmediately afier the crosscoliare). &, 72 and
O b ** Sipnificant iscrease in pevceniage off apopicsis of CDNG 4+
C4 4 BCLL cells culvared withoms MLCs (A3 companad 1o ooninod
(AL} walue o P 0000 " Npmfces) soreas i percentage ol
apoptoas of U9+ OD8 & BCLL ool (A7) cwlturad witkoul MLECR
comparal to armeed (A2) valus ar P o« D000

wiakly with moneclonal antibadies against CD33 and
CD34 (Fig. 2E.F. Cells were negative with anubodics

anti-CD13, anti-CD135, anti-CDI19, and anti-CDI123.
These data indicates that immunophenotype of these
adherent cells in B-CLL are blood monocyte-derived cells
and it is consistent with previously reported data for
NLCs [12].

NLCs Protect CD19 + /CD3 + B-CLL Cells from in
vitre Spontaneous Apoptosis

In order to examine the “nurse” effect of NLCs on the

survival of B-CLL cells, suspension cells from 3 B-CLL

patients were cultured in presence or absence of NLCs. In.
all cases, apoptosis of CDI19 + /CD5 + B-CLL cells
cultured without NLCs were increased progressively
during the experiment (Fig. 2). Because of undergoing
apopioss of CDI9 + [CDS + B-CLL cells in part could
be due 10 manipubnion of the cells during the washes in
PBS, companison was performed between apoplosis
valees of B-ULL cells separated, washed, and aguan
cultured with NLCs (Fig. 3 AZ), and apopiosis values of
B-CLL cclls :.mauu:d.. washed and culiured again in
absence of NLCz (Fig. 3: A3), In the } B-CLL samples,
apopioas of CDI9+ DS+ BCLL cells <ulowred
without NLCs were significant  greater than  their
respective controfs of manpulation a1 48, 72 and %6 h.
These data show, in agreement with previously reported
data, that NLCs protect TN + (CD5 + B-CLL cells
from f viero spontaneous apoplosis,

Fludarabine Eliminaies Precursors of NLOs in B-CLL
Cultwres and Induces Death of NLCs

When cultures of PBEMC immiediately isolated from B-
CLL were performed in presence of Audarabine, no NLCs
wiere Ffound even after several weeks in culture. Therefore,
precursors cells thal can generate NLCs were eliminated
by fludarabine ar 30 M dose (data not shown)h More-
over, when the growth of NLC: was allowed, and these
cells were treated with 50 pM Audamabine for 24 b, the
number of the remaining NLCs after 10 days of the
treatment, was significani lower than untreated MLCs
(Tabbe I Figure 4 shows o represcatative pictume of
MLCs: unteeated (Fig. dA) or wreated with fudarabine
(Fig. 4B), n which, demb NLCs were shown by trypan
blue staiming.

MLCs T Mot Protect CDA% + JCDE + B-CLL Cells
of the Apoptosis Induced by Fludarabine

In order 1o understand the role plaved by NLCs in the
apopiosis induced by iludarabine in B-CLL cells, we
performed  cross-culiures  incubating  wmoral  cells
untreated and treated with Audarabine with unireated
and treated MLCs in the 4 possible combinations (Fig.
|B). When CIHMY9 + 'CD35 + B-cells were wreated with
fludarabine the percemiage of apoptotic cclls obsered
was gradually higher during the experiment (Fig. 5: FIL
Apoprosis in treated CDU9 + (CDS + B-cells was samilar
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TABLE Il NLC count [0 days after the treatment with fludarabine

Number of NLCs
ID patients Unireated NLCs mean + SDT Treated NLCs* mean + SDY P values
Patient | 15333+ 21.20 46.00 +11.27 0.0042
Patient 2 189.67 + 49.32 24.67 £ 5.50 0.0272
Patient 3 163.33 + 14.47 3933 +2.51 0.0036

* NLCs treated with 50 M fludarabine for 24 h.

! Mean + SD of totsl number of NLCs of 3 different counts of 6 random microscopy fields.

FIGURE 4 Fludarabine indaoss the death of NLCs. Repeesontative exponasent with WLCs From patient L Paned A: Dilforenizated untrcased NLC:
Farnel B Dilferentzmiod MLC rcated with Sudarabine for 14 b MLCs woe exasiined by trvpas Bue exclusion aflicr 190 dags of the ircatmesd. Digpial
images were captured with a Spot Coge Digital cansera (Diagnoatic Instrumenix Inc.. Sieding Heights, ML USA) at 40 « sagnification The fotal
number of MLCs reated with fludarabine was significast lower than unireated NLCs. and alnvost all MLCs were stained by blus trypan in these treated

MILCs.

whether they were co-cultured with NLCs treated with
fAuduarabine (Fig. 5: F2). without NLCs (Fig. 5 F3) or
with umireated MNLCs (Fig. 5@ F3). neaching high
percentages of apoplosis at 96 h afler wreatment with
the drug.

DHSCUSSTOMN

The accumulation of tumoral cells in B-CLL is due 1o a
deficient programmed cell death, as opposed 10 excessive
cell proliferation [22,23]. Although the molecular evenis
responsible for the development of B-CLL are not yet
known, current data support the hypothess  that
transformed CD5 + B cells are nod autonomous i their
ability to evade apoptotic signals, Culture of B-CLL cells
ar witro is assocEted with the raped down-regulation of
antiapopiotic signal and apoprosis [24). These data
suggest that ex vive conditions lack essential survival
signals recaved by B-CLL cells ar vive [6.23]. Soluble
factors [7] and cell to cell mteractions [7.00] have been
implicated in the antiapoptotic efects mediated by other
cells that could play a role as “muerse cells™. In agreement

with dats previously reported [12], when we performed
long-term cultures of PBMC from B-CLL patients. a
subset of adherent cells with large and fibroblasy like
morphology was observed. These adherent cells expressed
surface markers of monocyiic lineage and prodecied o B-
CLL cell from spontancous apoplosis plaving a role as
“nurselike”™ cells {MNLCs).

Fludarabine is currently used alons or in combination
with other drags lor the treatment of B-CLL |25.26). The
caperimental approaches designed o analyee the action
of this drug have been focused in the action of the dreg in
B-CLL cells, without paying special attention to it cflect
in other cells, such as NLCs, that could play an imporiant
rode in the survival of B-CLL cclls [27].

Our data showed that fludarabane was able 1o block the
development of NLCs in culture of PBMC from B-CLL
paticnts. Morcover, when the growth of the NLCs was
allowed, treament with fudarabine for 24 halso induced
the death of these differentiated NLCs, Because of the
effect of Audarabing in these NLCs could influence the
viabality of B-CLL cells, we performed cross-cultures 1o
know the role that N LCs play in the ahility of ludarabineg
t mduce apopilosis in B-CLL cells. Cur results showed
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FIGURE § MLCs do mot protect CD3 4 B cells from 1
indwred by Audarabine. Cros-cultures with PMBC from thee B-CLL
patiemis | Patient |, Patient 2 and Patient 3) were performed o amalyre
ibe rofe played for MLCs in the apoptosis imduced by Sudambise in
CINY + (T8 + BULL eells. Allguools wws ressovad from esch oaliuse
flask: FI: control of Sedsmbine-induced apopiosts [noa-scparmed
suspesibed cells and NLCs weated wilh Safarabinsl F2 suspesrissn
cells and NLCS trcated will Nodembase; FYX ircated suspenacs ol
withoul MLCs: F4: untrested suspension ol and MLOs 1rcased with
fudarabing: F5: suapension oclls ireabad wilh Badirabing amd unincated
MLCs. Analys ol the apopiosis ol CDI% = (C05 + BULL colls was
performed st O h {immeadialely before treament wih fludarabine), 24 b
{immediately aiter (e ermmsculiure), 48, 72 and 96 b When suspesnssn
cells were treaied with feadirsbine, the percenlapes of anncuia V' positne
CING + (TS + B-OLL cells were progressively higher and were sasnilar
wheibsr they were co-cultured with 1sated NLCs (FIh withost MLCs
{F3 or with unircaboed MLCs (F5)

that in spite of ludarabime was able to induce the death of
MNLC: and CDIN9 + /CDS + B-CLL cells, apopiosis
induced by fludarabine on CDI9 + /CD¥ + B-CLL cells
wis due to a direct effect on these cells and not due to its
effect on WLCs; that is, fudarabine treated CDIY + [
CD5 + B-CLL cells underwent apoptosis at a similar rate
no matter whether they kave been cultured with NLCs
treated or unireated with fludarabine (Fig. 5).

Whereas our study indicates that fludarabine was able
to induce apoptosis in B-CLL cells in vitro mainly by a
direct action, these data do not exclude that fludarabine
could affect different cell types (stromal cells, macro-
phagic cells, etc) that play an important role in the
survival of B-CLL cells in vivo.

In conclusion, NLCs protects B-CLL cells from in vitro
apoptosis and fludarabine exerts its effect independently
from NLCs on B-CLL cells.
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