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ApOptOSiS and Growth and BSO enhanced AgOs-induced cer and neuroblastoma cells, suggesting
it ; ; ATP depletion, AW, collapse, and ap- that the ability of AsO; to induce apop-
Inhibition in Malignant optosis. Caspase-:_;»n activation, usually tosis is not limited to APL. On the other

Lymphocytes After resulting from AW, collapse, was not hand, Konig et al(15) reported that me-
Treatment With Arsenic always associated with AgO.-induced larsoprol, an organic arsenic compound
Trioxide at CIinicaIIy apoptosis. AsO, induced PML (pro- synthesized by complexing melarsen ox-

. . myelocytic leukemia) protein degrada- ide with the metal-chelating drug dimer-
Achievable Concentrations tion but did not modulate expression of caprol, can induce cell apoptosis with
. . cell cycle-related proteins, including c- concentration-dependent (0.1M) in-
Xin-Hua Zhu,. Yu-I._el.Sher.], ang-kUImyC’ retinoblastoma protein, cyclin- hibition of Bcl-2 messenger RNA
Jing, Xun Cai, Pei-Ming Jia, Ying  dependent kinase 4, cyclin D1, and p53, (MRNA) expression in chronic B-cell leu-
Huang, Wei Tang, Gui-Ying Shi,  or expression of differentiation-related kemia cell lines WSU-CLL, 183CLL, and
Yue-Ping Sun, Jie Dai, Zhen-Yi antigens. Conclusions: Substantial JYM-2, whereas 0.JuM As,05 had no
Wang7 Sai-Juan Chen7 Ting_Dong gI’OWth inhibition .and apoptosis With- EffF§§tA0n the grQWth_’ s?r:wval, or BCI|_|2
Guo-Qiang Chen duced in mos'F malignant lymphocytic . eveED linical = h p! )
cells treated with 1-2 M As,O5. As,O4 estrict its clinical use; in contrast, the in
may prove useful in the treatment of {ravenous infusion of 10 mg of A8, re-
Background: Arsenic trioxide (As,05;) Mmalignant lymphoproliferative disor- iul;s in plasma concentrations higher than
. L SN .01- 1-2 pM without causing substantial he-
can induce clinical remission in pa- ders. [J Natl Cancer Inst 1999;91: matopoietic toxicity(16). Hence, 0.1.M
tients with acute promyelocytic leuke- 772-8] may ?wt be the ?&eallconceﬁtrétion of
mia via induction of differentiatiorj and o As,O, for in vitro pharmacologic studies.
programmed cell death (apoptosis). We Apoptosis (i.e., programmed cell |, this study, we investigated the re-
investigated the effects of AsO; on a  death) has emerged as an important bigyonse of eight malignant lymphocytic
panel of malignant lymphocytes to de- logic mechanism that contributes to theyg|| |ines and primary acute lymphocytic
termine whether growth-inhibitory and  maintenance of the integrity of multicel-|eykemia (ALL), chronic lymphocytic
apoptotic effects of AsO; can be ob- lular organisms. Impairment of apoptosigeykemia (CLL), and lymphoma cells to a
served in these cells at clinically achiev- has been implicated in many human disyide range of AsO, concentrations
able concentrations. Methods: Eight  eases including cancerd,2). For in- (0.1-2 uM). We examined the effect of
malignant lymphocytic cell lines and stance, deregulation of apoptosis is reas,0, on apoptosis and/or growth inhibi-
primary cultures of lymphocytic leuke- garded as a major factor contributing tqjon as well as on mitochondrial trans-
mia and lymphoma cells were treated the development of chronic lymphocyticmembrane potentialAW,,) collapse in
with ASZO3, with or without dithio- leukemia (CLL) and some typeS Ofma”gnant |ymphocyte popu'ations_ Since
threitol (DTT) or buthionine sulfoxi-  lymphoma, such as follicular B-cell lym- studies in the early 1900s already pro-
mine (BSO) (an inhibitor of glutathione  phoma with the chromosomal translocaposed that the interaction with active sulf-
synthesis). Apoptosis was assessed bytion t(14;18), which results in overexpres-
cell morphology, flow cytometry, an- sion of the death antagonist Bcl{3-5).
nexin V protein level, and terminal de- Therefore, understanding the basic .. . @ x H Zhu Y-L Shen. X.
oxynucleotidyl transferase labeling of mechanisms that underlie apoptosis Wilkyi p_m. Jia, W. Tang, G.-Y. Shi, Z.-Y. Wang,
DNA fragments. Cellular proliferation  help identify new potential targets fors.j. chen, z. Chen, G.-Q. Chen, Shanghai Institute
was determined by 5-bromo-2-deoxy- treatment of these diseas@s7). of Hematology, Rui-Jin Hospital, Shanghai Second
uridine incorporation into DNA and Recently, arsenic trioxide (A©;), an Medical University, People’s Republic of China; Y.
flow cytometry and by use of a mitotic ancient drug used in Traditional Chineseng, J- Dai, S. Waxman, Division of Neoplastic Dis-
arrest assay. Mitochondrial transmem- Medicine and, in the last century, in west-525¢S, Department of Medicine, Mount Sinai Medi-

. . . . cal Center, New York, NY; Y. Huang, Y.-P. Sun,
brane potential (A¥,,) was measured ern medicine, attracted wide interest for 9

4 e ) ™ . N .~ Department of Biology, Shanghai Second Medical
by means of rhodamine 123 staining its ability to induce complete remission inypiversity; T.-D. zhang, First Affiliated Hospital of
and flow cytometry. Protein expression most patients with acute promyelocytiCHarbin Medical University, People’s Republic of
was assessed by western blot analysisleukemia (APL), mainly through the in- China.
or immunofluorescence. Results: duction of apoptosis and differentiation Correspondence toGuo-Qiang Chen, M.D.,
Therapeutic concentrations of AsO, (8—14). Moreover, preliminaryin vitro ~Ph-D.. Shanghai Institute of Hematology, Rui-Jin
(1-2 M) had dual effects on malignant studies (Chen GQ, Chen Z, Jing YK,HosPital, Shanghai Second Medical University, 197
L . ui-Jin Rd. ll, Shanghai 200025, People’s Republic
lymphocytes: 1) |nh|_b|t|on of growth Waxmf';\r_l S: unpu_bhshed data) reve_ale f China: or Samuel Waxman, M.D., Division of
through adenosine triphosphate (ATP) that clinically achievable concentrationsyeopiastic Diseases, Department of Medicine,
depletion and prolongation of cell cycle of As,O; can also trigger apoptosis inMount Sinai Medical Center, New York, NY 10029-
time and 2) induction of apoptosis. chronic myelogenous leukemia cells§547.
As,O4-induced apoptosis was preceded some multiple myeloma cells, and some See"Notes” following “References.”

by AW, collapse. DTT antagonized solid tumor cells, such as esophageal ca® Oxford University Press
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hydryl (SH) groups of biologic molecules Cell differentiation assays. The expression of RgsyLTS

is the most important mechanism bylymphocyte surface differentiation antigens, includ-

which trivalent arsenicals exert their toxic"d CP19. CD20, CD22, Smig, CD2, CD7, CD4, Growth Inhibition and Apoptosis in
effects [reviewed in(17)], we addressed CD8, and CD3, was determined by flow cytometry.\alignant Lymphocytic Cell Lines

. . All monoclonal antibodies, including Simultest™ ;
- . A . and Primary Cells
the possible mechanisms Of& treat control immunoglobulin (Ig) G1/IgG2a (negative y

g]etﬂt n mal'gl?ar.‘t I}’mf:()gg%’)tes byl ustlngcontrol), were purchased from Becton Dickinson
uthionine sulfoximine , a selective(san Jose, CA). . el HUSE
inhibitor of y-glutamylcysteine synthe- Determination of cellular adenosine triphos- tlmﬁ_deper}denthgrowth Inlrllt.)ltlon in all
tase and thus of glutathione synthesis, anthate (ATP) levels.Cellular ATP levels were mea- _madlgrg)ant d_%fmp ocytlllc Ceh.b'.nej de.x?‘m'
dithiothreitol (DTT), a widely used disul- sured by the bioluminescence assay. Briefly, afte1€d, Ut ifferent cells exhibited distinct
fide-bond-reducing agent. treatment with AsO; (1-2 M) for 2, 6, 12, 24, or  SENSILIVItIES 10 ASO;. A$203 at O-.1f0-25
48 hours 2 x 10 cells were resuspended in 3 mL of .M did not substantially inhibit the
MATERIALS AND METHODS boiled distilled water containing 1 kh magnesium growth of most cells during 3-5 days of

Reagents.A solution of AsO, for intravenous sulfate, maintained at 100 °C for 10 minutes, andreatment (data not shown). At 142M

administration (0.1% or 5 M) was prepared by the Stored at—20°Cfor further analysis. The diluted _Ce”ASZO?,, however, growth inhibition was
Department of Pharmacy in the First Affiliated HOS_ﬁj)(cti:‘ﬁ;ézl2rer2|c_t)i(;,:1aks)u?fde?'egnt§ti?ﬁ?er?)lf_ glfalrl:tc';er:;gevident after 1-3 days and became sub-&
pital of Harbin Medical University (Harbin, Peo- it ; ) i _ i
ple’s Republic of China). A stock solution was pre_lglog;;, éﬁgde)rqla slch, Sthanghal, Petc:ple’s zetp)hut1§tantla| after 3-5 days in almost all cell
red from th ve formulation ilution to 1lic o ina) in a polystyrene cuvette, an e . )
Eqa;mei(:] p?]ost)heatz?sufie:éd :a?itnz (gég) l;tnc:j Stt(z,re@TP-dependent luciferase activity was measured byv€@ker than in the other cell lines (Ta_ble
at 4°C; further dilutions to working concentrationsUse of a luminometer. The light emission (300—9001)'_ _Furthermore* A, reduced cell vi-
were made before use. DTT and BSO were purnm) was determined in a counter, and ATP Standarabl“ty, an effeCt that depended on drug
chased from Sigma Chemical Co. (St. Louis, MO).curves were constructed each time. concentration and cell type; e.g., M

Cell culture, cell viability, and cell morphol- Apoptosis assaysCell morphology was evalu- As,O; decreased the viability of Molt-4,
ogy. The following eight human cell lines were ated, and the percentage of hypodiploid cells wag yag  and SKW-3 cells but not the vi-
used: B-lymphocytic lineages from pre-B-cell ALL quantitated as described previougy1,12). An- ability, of the other cells tested, whereas 2
(Nalm-6), Burkitt’s lymphoma (Namalwa and Raji), nexin V was assayed by flow cytometry (antibody S
B-cell lymphoma (BJAB), follicular B-cell lym- and protocol from Boehringer Mannheim GmbH), WM As;05 decreased the viability of all
phoma with t(14;18) chromosomal translocation (suand poly-adenosine diphosphate (ADP) ribose polyCell lines except Jurkat cells. The decreasea.
DHL-4), T-lymphocytic lineages from T-cell ALL merase (PARP) degradation was assayed by westdi cell viability was accompanied by the
(Molt-4 and Jurkat), and CLL (SKW-3). Primary blot analysis.In situ terminal deoxynucleotidyl appearance of morphologic characteris-
malignant lymphocytes were prepgred from ponergnsferase I_abeling was performed on cytospinics of apoptosis, such as shrinking cyto-
marrow gr lymph node b|0p_5y spemmens obtainedlides according to'the protocols recommendgd bmasm’ condensed chromatin, and nuclear
from patients who gave written informed consentClontech Laboratories, Inc. (Palo Alto, CA). Mito- fragmentation with intact cell membrane
The study was approved by the Institutional Reviewchondrial transmembrane potentidl{,,) was de- . ’
Board of Shanghai Institute of Hematology. Briefly, termined by flow cytometry. Briefly, AfO,-treated as observed in SKW-3 and Molt-4 cells
bone marrow or lymph nodes were minced withand -untreated cells (about %L6ells) were washed (data not shown). Cultures of these cells
scissors, and a fraction enriched (>85%) in maligtwice with PBS and incubated with 10 mg/mL rho- demonstrated a dose- and time-dependents
nant lymphocytes was obtained by centrifugatiordamine 123 (Rh123) at 37 °C for 30 minutes. Subincrease in the number of cells with a sub- g
(1000Qy at 4 °C for 10 minutes) through Ficoll-Paquesequently, Pl was added, and Rh123 and PI stainirg1 DNA content. (A representative result g
(Plr:armacia I|3i0teé:h AB, Uppsala, S(\j/veden). 'I;hi;\tensity Was”dete(rjmined (;)y flt()jw cyltomztry. hA"hWith SKW-3 cells is shown in Fig. 1, A.)
cells were cultured in RPMI-1640 medium supple-data were collected, stored, and analyzed with t . .
mented with 10% fetal calf serum (Life Technolo-use of LYSIS Il software (Becton Dickinson). erer.mlnal deoxynucleotidyl transferase'la-
gies, Inc. [GIBCO BRL], Gaithersburg, MD) in a  Western blot analysis.Protein extracts (2@.g) _bellng demonstrated DNA fragmentatlon
humidified atmosphere of 95% air and 5% C&t were prepared fim 2 x 10 cells. They were loaded IN 1 M As,Ox-treated SKW-3 cells and 2
37°C. Cell viability was estimated by trypan blue onto an 8%-12% polyacrylamide gel containing souM As,O-treated Namalwa cells (data
dye exclusion. Cell morphology was evaluated bydium dodecyl sulfate, subjected to electrophoresig)ot ShOWﬂ). In addition, as shown in
V\_/right“s staining of cells _prepared by cytospin cen-and transferrgd to njtrocellulose membranes. Thf—'ig. 1, B, the fraction of annexin V-
trifugation (25@ for 4 minutes at room tempera- blots were stalngd Wlth_ 0.2% Poncea_u Sred to erbositive SKW-3 cells increased to 73%
ture). sure equal protein loading, blocked with 10% defat- .

DNA proliferation assays.DNA flow cytometry  ted milk powder, and incubated for 90 minutes atafter treatment with M A5203 for 48
was conducted by use of propidium iodide (PI)37°C with human polyclonal (retinoblastoma pro-Nours. These results suggested thath\2
staining. To perform flow cytometry of 5-bromd-2  tein [Rb], c-myc, cyclin D1, cyclin-dependent ki- AS,O5 Or less induced apoptosis in most
deoxyuridine (BUdR)-labeled cells, we utilized anti-nase [CDK] 4, CDK inhibitor p16, and PARP) or malignant lymphocytic cell lines studied.
BUdR a_ntibody and a prqtocol from Boehri_ngt_eranti-humar_l Cpp32 (anti-cgspa_se-S) and p53 mono- Because some morphologic features,
Mannheim GmbH (Mannhelm,Germany).Amnc_)tlc clonal antibodies. AII antibodies were purchaseds;,ch as chromatin condensation, could X
arrest gssay was performed as dgscrlbed previoudiyom Santa-Cruz Blotechnglogy (Santa Cruz,_ CA.)'aISO be associated with cell differentia- R
(18). Briefly, after pretreatment with LM As,O;  Immunocomplexes were visualized by chemilumi-_.
for 72 hours at 4 °C, 10cells/mL were incubated nescence (ECL kit RPN2108; Amersham Life Sci-t'(_)n’ We_ af‘a'yzed B- a”?' T-lymphocyte
with 0.2 mg/mL Colcemid (Life Technologies, Inc.) ence, Buckinghamshire, U.K.). differentiation-related antigens. However,
for 4, 8, 12, and 16 hours. Cells were then centri- Immunofluorescence analysisCells were cen- AS,O5 did not affect differentiation of
fuged (30@ at 4 °C for 10 minutes), washed, andtrifuged (25@ for 4 minutes at room temperature) these cell lines, since there were no sub-
fixed overnight in 75% ethanol, and the number ofonto slides as described above and rapidly air-driestgntial alterations in the expression of
cells in the G + M phase (sub-Gcells) was deter- Promyelocytic leukemia (PML) protein immunoflu- CD19, CD20, CD22, Smlg, CD7, CD2,
mined by flow cytometry. The percentage of cells inorescence was performed with the use of an anti- . .
the G, + M phase Y) and the length of Colcemid PML antiserum raised against the N-terminal regioan4’ CD_8’ and CD3 in all cell lines
treatment, in hoursX), were linearly related =  of PML, provided by Dr. T. Naoe (Branch Hospital, treated with uM ASZOS for 9 days (data
kX + b). The cell cycle time was estimated by addingSchool of Medicine, Nagoya University, Nagoya, N0t shown).
the absoluteX values forY = 0 andY = 100%.  Japan). To further understand the effect of

As,O; exerted substantial dose- and
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Table 1.Effects of arsenic trioxide (A€s) treatment on growth and survival of malignant lymphocytes

Cell line*
SKW-3 Molt-4 BJAB su-DHL-4 Namalwa Raji Nalm-6 Jurkat
1 M As,O4
Inhibition, %
Day 1 75+04 0.0+0.0 0.0+0.0 14.0+2.1 135+2.1 23.2+42 27.6+13.9 0.0+0.0
Day 3 63.9+1.2 44.7+3.6 32.7+3.9 30.3+1.1 57.3+10.3 42.7+4.6 42.6+6.5 15.8+0.5
Day 5 775+147 82.1+7.6 81.0+5.6 64.3+2.9 82.0+11.1 775+23 72.3+13.1 258+1.6
Viability, %
Day 1 87.0+2.9 96.4+5.1 94.0+2.6 92.0+2.7 97.4+3.2 93.2+2.0 100+ 0.0 95.8+0.6
Day 3 75.3+1.3 60.6+3.4 85.4+1.1 82.0+3.1 90.6 +4.5 88.5+3.3 97.7+25 97.0+1.8
Day 5 63.8+2.2 379+14 38.9+0.9 87.0+4.3 93.0+£55 88.2+5.2 80.4+3.1 97.7 1.6%?
2 UM As,0, g
Inhibition, % a
Day 1 55.0+9.2 12.0+1.2 0.0+0.0 36.8+1.7 81+11 36.0+4.7 172+14 0.0+0.0 &
Day 3 93.2+0.0 69.8 +£20.0 76.9+25.6 84.0+27 73.5+11.8 57.3+1.4 72.3+18.0 31.0+3.13
Day 5 98.5+11.6 99.6 +1.1 99.1+0.0 98.0+1.1 86.9+19.3 90.4+23.4 100+0.0 41.7+11.%8
Viability, % E
Day 1 74.7+23 87.7+1.1 83.2+1.4 82.0+4.2 92.4+0.1 88.6+0.3 84.7+8.1 92.0+242
Day 3 25.0+1.3 30.1+25 259+27 76.0+3.9 71.5+5.6 50.1+25 60.6 +4.7 87.6+3.2
Day 5 175+1.1 42+0.8 55+1.7 10.0+1.0 61.0+3.7 34.8+5.2 0.0+0.0 80.3+3.6

*Data are means * standard deviations of triplicate experiments. Sk#h8man T-cell chronic lymphocytic leukemia; Molt-4 and Jurkatiuman T-cell acute
lymphocytic leukemia; BJAB= B-cell ymphoma; su-DHL-4= follicular B-cell ymphoma; Namalwa and Rajt Burkitt's lymphoma; Nalm-6= pre-B-cell acute
lymphocytic leukemia.

that 1 wM As,O; exerted a cytostatic ef-
Fig. 1. Distribution of nuclear DNA contents and detection of annexin V protein, indicating apoptofégct in these cells. DNA flow cytometry

induced by arsenic trioxide (A®;) in SKW-3 (human T-cell chronic lymphocytic leukemia) cels. Left and BUdR-incorporation assays showed
panel: Distribution of nuclear DNA contents, measured by flow cytometry, in SKW-3 cells treated w'mat 1uM As.O. did not substantially al-
As,O; for 3 days; AP indicates the position of sul-€ells, and c indicates findings for control cells (no R . 23
As,05); 0.25, 0.5, and 1.0 represent micromolar concentrations gDAS he percentage of AP cells at eachter the distribution of these cells throth'
As,0, concentration is indicatecRight panel: Percentages of suby@ells induced by different concen- OUt the phases of the cell cycle (data not
trations of AsO, in SKW-3 cells.B) SKW-3 cells were treated with or without (control) 1uM As,O, for  Shown). However, the mitotic arrest assay
48 hours. Annexin V-positive cells were measured by flow cytometry, and the percentage of positive caisng Colcemid revealed that the cell
in each case is indicated. cycle time was prolonged injAM As,O5-
treated cells. The cell cycle time was 35.4
hours versus 63.4 hours and 49.9 hours
versus 75.3 hours for untreated ang.i¥
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As,O5; on malignant lymphocytes, we 5

A 70 used primgry cultureg to §tudy Iympho— %,
5 | Coneel cytes obtained from six patients with ma- &

N 20250 M § N lignant lymphoproliferative disorders. =

=4 0r s M % As,0; reduced the viability of bone mar- £

Swt F § row cells isolated from four CLL patients

— | SOeM \ N and from one patient with primary B- %

S Y} 2 - 0.

7 § lineage ALL and of lymph node cells iso- &

32 N lated from one patient with B-cell lym- &

g phoma. This reduction was time (2-5 <

o : days) and dose (0.14iM As,O;) depen-

1 5 3 6 7 days dent. After 5 days of treatment withdM o

As,O, cell viability ranged from 5% to g

control As, 0 treatment 35% of untreated cells in the above stud- 3

B I 48% Lo Ea 48 Lo |e5 ('jD
i o
L '\z} Lengthened Cell Cycle Time and g
,“.é %, Decreased Expression of PML Protein &
5 9 373 c
% . by As mentioned above, LM As,O; in- &
S : . f" hibited the growth of nearly all cell lines e
o e 15.4%) o, . examined, but it did not induce apoptosis 2

T TN T TR 7 Arllér,:exin-lvqim;nSity in Nalm-6, Namalwa, Raji, su-DHL-4, &g

and Jurkat cells. These results indicated &
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As,O5-treated Namalwa and Raji cells,lymphocytic cells, i.e., growth arrest andplasma membrane permeability in
respectively. No substantial alteration irapoptosis. To find an association withSKW-3 and Namalwa cells, in which ap-
cell cycle time was found in Jurkat cellsgrowth inhibition, we measured cellularoptosis was induced by AM and 2uM
upon treatment with JuM As,O; (28.1 ATP contents in Namalwa, SKW-3, andAs,O,, respectively.

hours), as compared with untreated celldurkat cells after treatment with AS;. It is known thatAW,, collapse results
(32.2 hours). These results suggest thatJurkat cells, consistent with their insen4n the activation of caspases, which play a
uM As,O; can inhibit proliferation of sitivity to As,O;, had basal ATP levels central role in the apoptosis-signaling
some malignant lymphocytic cell lines bythat were twofold higher than those ofpathway(21,22).We found that caspase-3
prolonging the cell cycle instead of arrestNamalwa and SKW-3 cells. Cellular ATP precursor was cleaved into its active form
ing cells in a specific phase. MoreoverJevels decreased approximately 25% ifn 2 uM As,O,-treated Namalwa and Raji
western blotting revealed that expressiothese cell lines after treatment with &  cells. At the same time, its substrate
of cell cycle-related proteins, including(1-2 uM) for 24 hours. PARP was also cleaved (Fig. 2, B). How-
Rb, cyclin D1, CDK4, pl16, p53, and Data(19)suggestthaA¥, collapse is ever, activation of caspase-3 and degrada-
c-myc, was not substantially altered in aa critical step that occurs in all cell typestion of PARP were not observed in
number of cell lines after treatment with lundergoing apoptosis, regardless of thas,O,-treated BJAB, Molt-4, and SKW-3
wM As, O3 for 12, 24, and 48 hours (Fig. inductive signal. To assess the effect oells, all of which underwent substantial
2, A; data not shown). However, immu-As,O; on the AW, and to determine apoptosis in response to IM As,O,
nofluorescence analysis with an anti-PMLwhether cells with a lonAW,, also lose (data not shown).

antibody showed that the number of PMLplasma membrane integrity, we double-

speckles, which in untreated cells rangedtained AsOs-treated and -untreatedpTT. BSO-, and As,04-Induced

from 15 to 25 speckles per nucleus, deSKW-3, Namalwa, and Jurkat cells withpnqniosis

creased to fewer than five speckles pePl and Rh123, a lipophilic cation that is

nucleus after a 24-hour treatment with Itaken up by mitochondria in proportion to The interaction with active SH arouns
M As,O4 (data not shown). This finding the AW¥,,, (20). As shown in Fig. 3 (left has lond b ted to b fcllw P
is consistent with the observation that thgpanel), untreated living cells were PI. g been suspected 1o be the mos
PML protein is degraded in NB4 cellsnegative and strongly stained by RhlZ.Js’mportant mechanism by which trivalent

. a : ; arsenicals exert their toxic effedts?). To
treated with 1uM As,O5 (11). (Pl=, AW, high). With 1 or 2uM As,O4 d,mderstand whether such a mechanism is

umoq

—

[/wod*dno-olwapede)/:sdiy wouy papeo)

treatment, a fraction of Pl-negative an ved in AsOwinduced AW I -
ATP Levels, Mitochondrial low-Rh123-staining (PI- AW, low) involved 1N ASLs-Induce m CO
Transmembrane Potential, and SKW-3 and Namalwa cells, butnotJurka{apse’ ATP depletion, and apoptosis, we
Activation of Caspase-3 cells, appeared in a dose- and time-reated SKW-3, Namalwa, and Jurkat

Fells simultaneously with 1-gM As,O4

dependent manner (Fig. 3, right UppPer " 02 i DTT or 1 mM BSO. DTT

The above data suggest that &g panel). These results suggest that@s
treatment had dual effects on malignantiecreased the\W¥ , without altering
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onAWV,, cell viability, and the percentage &
of sub-G cells in SKW-3 and Namalwa <
_ _ cells. However, in these two cell lines, 0.2 g
Fig. 2. Expression of cell mM DTT blocked theAW,. collapse in-

. W)
oertats W wonst |\ o668 ces | ducedby i As, DTTalsoblocked
treated with arsenic trioxide Q%ﬁ\??ﬂ'? sﬁﬁg@sf ﬁ\fﬁgfo the As,Os-induced decrease in cell viabil- 5
(As,05). A) Western blot —— NN — ity, ATP depletion, and the increase in the §
analysis of cell cycle-related SRLa —— sub-G cell population (Fig. 3, right lower 2o,
proteins p53, c-myc, and — [ panel). On the other hand, treatment with £
cyclin-dependent kinase —— R i 1 mM BSO alone for 24 hours induced &
gcza)'is':o‘f"lfr;ﬁatti‘; ";’(')th — — e slight AW, collapse and apoptosis in Na- <
bottom, the cell lines studied s c-myc —— malwa cells. Although 1uM As,0; had g
for p53 and CDK4 were Na- p53 CDK4 no effect on cell ylablllty andAVW,, in =
malwa, Raji, Nalm-6 (pre-B- Namalwa cells, simultaneous treatment g
cell acute lymphocytic leuke- B & & & L S S with 1 M As,0O; and 1 nM BSO sub- &
mia), Molt-4 (T-cell acute S e WIS SR SRS stantially enhanced the magnitude of &
lymphocytic leukemia), and S - 2 p — > ; P AW, collapse and apoptosis. This coop-
CB‘j”A ?égéciiuzirzgh% Ti)_'nt:;i E C o= c erative effect was also evident in Jurkat N
were Namalwa, Raji, and e e . . . cells: 2uM As,0; or 1 mM BSO treat-
Nalm-6. B) Western blot RN Rt ment alone for 1-3 days did not cause
analysis of AW, -related pro- N N AWV, collapse, cell viability reduction,

teins caspase-3 and poly- P m lé’ and sub-G cell appearance; however, af-
c

adenosine diphosphate (ADP) ter simultaneous treatment for 1 and 2
ribose polymerase (PARP) in Caspase-3 PARP days, the percentage of Pl-negative,

?ut;“;eﬁ%fa;:i;‘ei r':‘;m;gj“la AV, -low cells was 19.71% and 95.96%,

(lower panelg cells. Both cell lines are derived from Burkitt's lymphoma. p and c indicate progenitor afﬁSpeCt'Vely' CorreSpondmgly’ cell V!abll'
cleaved forms of caspase-3 or PARP, respectively. In Botnd B, time indicates hours of exposure toity was decreased and sub-@ells in-
As,0,. creased (data not shown).
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control As(2) 125

Fig. 3. Effects of arsenic trioxide
(As,0y), dithiothreitol (DTT), or
buthionine sulfoximine (BSO) on
the mitochondrial transmembrane
potential AW,) (assessed by up-
take of rhodamine 123 [Rh123])
and sub-G cell distribution in
SKW-3 (human T-cell chronic
lymphocytic leukemia) and Namal-
wa (Burkitt's lymphoma) cells. Af-
ter treatment without or with M
[As(1)] or 2 uM [As(2)] As,O4
alone or with 0.2 M DTT or 1
mM BSO, cells were double stained
with propidium iodide (PI) and et
Rh123, with fluorescence intensi- BSO
ties measured by flow cytometry.
Left panel: scatter plots of SKW-3
cells. Right panel: percentages of
Pl-negative and Rh123-low
[PI(-)Rh123(-)] Namalwa cells
(upper axeg and sub-G Namalwa
cells (ower axe9. The key is the
same for both sets of axes. cen i ]
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DiscussioN bilayer, is an early event in apoptosis, ingen species may influence the opening
dependent of cell type. Annexin V wasand/or closing characteristics of MPT
In this study, 0.1uM As,O; did not shown to interact strongly and specifi-pores(26—28).1t is known that arsenite at
show substantial effects on the growtltally with phosphatidyl serine and couldlow concentrations selectively binds to
and survival of the malignant lymphocytebe usedn vitro to detect apoptosis beforeclosely spaced (vicinal) thiol groups in
lines tested, a finding that is consistenbther well-described morphologic orproteins. We found that 0.2hDTT did
with the report of Konig et al(15), al- nuclear changes associated with apoptosi®t modify theAW ., but it could inhibit
though they used different cell lines.(24). Therefore, the increase in annexirthe decrease of theW, as well as apop-
However, at 1-2uM, i.e., at concentra- V-positive cells after AO, treatment fur- tosis as a result of A®; treatment. In
tions that are clinically achievable and daher points to AgOs-induced apoptosis.  contrast, BSO accelerated &-induced
not cause severe side effe¢is), As,0Oq AWV collapse with evidence of intact AW, collapse and cell apoptosis. These
inhibited cell viability and/or cell prolif- plasma membrane was seen inpM results suggest that the binding of arsenic
eration in most of the malignant lympho-As,O,-treated SKW-3 and in 2.M to protein thiols, perhaps within protein
cyte lines tested, depending on cell typés,O,-treated Namalwa cells, but not inconstituents of MPT pores, underlies the
and drug concentration. This result is condurkat cells.AV¥,, collapse after ASDO; As,O; induction of AW, collapse and ap-
sistent with that reported recently bytreatment was also observed in the APloptosis. For instance, the function of the
Zhang et al.(23). Thus, AsO; at 1 uM  cell line NB4 and in some multiple my- adenine nucleotide translator, a funda-
decreased the viability of Molt-4, BJAB, eloma cell lines (Chen GQ, Chen Z, Jingnental component of the MPT multipro-
and SKW-3 cells and inhibited the prolif- YK, Waxman S: unpublished data). Theséein complex, is regulated by the redox
eration of Namalwa, Nalm-6, and Rajidata suggest that, as was found for othestate of vicinal SH groups. Thus, when
cells. AsO; at 2.M decreased the viabil- apoptosis-inducing agents, tlieP_, col- these SH groups form a disulfide bond,
ity of all cell lines except Jurkat cells, lapse is an important event in A8;- MPT pores are opened and theb, is
which showed only a slight growth inhi- induced apoptosis. Pharmacologic andisrupted; disulfide bond reduction re-
bition. The AsOs-induced decrease infunctional studies have indicated that théurns MPT pores to a closed conformation
cell viability was due mainly to the induc- AW, collapse can be attributed to the(25,29).
tion of apoptosis, as confirmed by mor-opening of mitochondrial permeability Recently, AW, collapse has been
phologic changes, appearance of sup-Gransition (MPT) pores or mitochondrialshown (30) to play an essential role in
cells, and terminal deoxynucleotidylmegachannels, which are formed by mulmediating apoptosis in that it allows the
transferase labeling, indicating DNA frag-tiprotein complexes at the contact siteselease into cytoplasm of apoptotic me-
mentation typical of apoptosis. It was rebetween the mitochondrial inner anddiators, such as cytochrome ¢ and apop-
cently shown(24) that loss of plasma outer membrane@5).In addition to ATP tosis-inducing factor. In turn, cytochrome
membrane asymmetry resulting in the extevels, which we found to be reduced inc and the apoptosis-inducing factor di-
ternalization of phosphatidyl serine, asome AsOs-treated malignant lympho- rectly or indirectly activate members of
membrane phospholipid normally re-cyte cell lines, other factors including thethe caspase family, which are regarded as
stricted to the inner leaflet of the lipid state of thiol oxidation and reactive oxy-death effector molecule$21,22,30).
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However, we found that caspase-3, an imPML oncogenic domain speckles in all  downregulation of Bel-2 expression and modu-
portant member of the caspase familymalignant lymphocytes investigated. ation of PML-RAR:/PML proteins. Blood
was activated in M As,Ox-treated Na- Upon As,O; treatment, PML was de- __ 1996:88:1052-61.

.. R . (_12) Chen GQ, Shi XG, Tang W, Xiong XM, Zhu J,
malwa and Raji cells but not in 4M graded to the same extent in all cells re**" = X, et al. Use of arsenic trioxide (48,) in

As,Ostreated BJAB, Molt-4, and SKW-3 .gardless of their sensitivity to A; in the treatment of acute promyelocytic leukemia
cells, despite substantial apoptosis. Thiterms of growth regU|at|0n- This finding (APL): I. As,0, exerts dose-dependent dual
observation implies that different down-suggests that PML is only an affected by-  effects on APL cells. Blood 1997;89:3345-53.
stream cell-specific death effector mol-Stander rather than a key player in th€13) Kitamura K, Yoshida H, Ohno R, Naoe T.
ecules of theAW,, collapse may contrib- control of lymphocyte proliferation. The Toxic effects of arsenic (/%) and other metal
ute to AsOs-induced apoptosis. Recentmechanisms through which A4®; modu- ions on acute promyelocytic leukemia cells. Int
: i tes cell proliferation remain to be clari- _J Hematol 1997:65:179-85.
reports have revealed that different cellsi{jl p

mav have distinct. even ooposite ref'ed- (14) Glgnnl M, Koken MH, Chelbi-Alix MK, Bg-
y , pp , noit G, Lanotte M, Chen Z, et al. Combined

sponses to arsenic. For example, PARP is In summary, AsO; at conqentratlons arsenic and retinoic acid treatment enhances
one of the important substrates of theof 1-2 “M- shown to be Cl_lm(_:a_”y well differentiation and apoptosis in arsenic-resis-
caspase family. It has been reported thaplerated in APL patients, inhibited pro- tant NB4 cells. Blood 1998;91:4300-10.
sodium arsenite decreases PARP activil@l‘erat'on gnd/or |n.duced apoptosis in sev¢15) Konig A, Wrazel L, Warrell RP Jr, Rivi R,

in a dose-dependent manner (from 2. ral %ell Imlis denved_ from patlehnts with Z:t?\f:flfl) I:Fr;eJIZI:suobc;\:)vls:n g, frtsilaﬁ?;no‘i?ézt'ﬁf
M up to 25pM) in Molt-3 cells (31).In )ézrendpb;;%Ig‘ést:\a;gvaepgg)?gg?ser'ls'h(e: ;gﬁllge(;f chroni)(/: B-cell Ieukzmia lines. Blood 1997;90:

: 562-70.
ide that can damage DNA and stimulat 5,05 to exert the same effects on pr"(16) Shen zX, Chen GQ, Ni JH, Li XS, Xiong SM,

poly-ADP-ribosylation in CHO-K1 cells Mary cultures of malignant lymphocytes™ ™ o /oy et al. Use of arsenic trioxide (48:)
(32). further suggests the feasibility of its use in i, the treatment of acute promyelocytic leuke-

Several years ago, Meng et (83,34) the treatment of lymphoma. mia (APL): Il. Clinical efficacy and pharma-

reported that the effects of inorganic ar'REFERENCEs cokinetics in relapsed patients. Blood 1997;89:

ical DNA hesis i 3354-60.
senicals on synthesis In unsensi- (17) Pershagen G. The epidemiology of human ar-

tized human blood lymphocytes were bi- (1) rew DA. Cell and molecular mechanisms of  senic exposure. In: Fowler BA, editor. Biologi-

phasic: Low concentrations of trivalent pathogenesis and treatment of cancer. Postgrad  cal and environmental effects of arsenic. Ox-

(As,05 and sodium arsenite, 0.8—10M) Med J 1998;74:77-88 ford (U.K.): Elsevier Science Publishers; 1983.

or pentavalent (sodium arsenate, 2—-1002) St(_all_er H. Mechanisms and genes of cellular p. 199-229.

p,M) arsenic Compounds enhanced DNA suicide. Science 1995;267:1'445—9. (18) Vap den Eugh GJ, Trask B_J, Gray JW, I__an-

synthesis in human lymphocytes, wherea§3) Campana D, C;oustqn—Smlth E, Manabe A, glois RG, Yu LC. Pr_eparatlon and bivariate
’ . L Buschle M, Raimondi SC, Behm FG, et al. analysis of suspensions of human chromo-

h'gh.er concentrations '”h'p'ted DNA syn- Prolonged survival of B-lineage acute lympho- somes. Cytometry 1985;6:92—-100.

thesis. In contrast to malignant lympho-  pjastic leukemia cells is accompanied by over{19) Marchetti P, Castedo M, Susin SA, Zamzami

cytes, mitogen-stimulated normal human  expression of bcl-2 protein. Blood 1993;81: N, Hirsch T, Macho A, et al. Mitochondrial

contrast, arsenite may generate nitric o

lymphocytes in primary cultures did not 1025-31. permeability transition is a central coordinating
exhibit growth inhibition after treatment (4) Coustan-Smith E, Kitanaka A, Pui CH, Nc- event of apoptosis. J Exp Med 1996;184:
with 1 LM As,O, (35). Moreover, we Nirllch |I_ Evans V\]{Eégﬁir;indi SC, et aI.‘CIini‘- 20 ilSS—GO.G . . Susin SA. Mitach
. . . cal relevance o -2 overexpression in roemer G, Zamzami N, Susin SA. Mitochon-

have not observed a_n mcrease In ma"g_ childhood acute Iymphoblasticpleukemia. drial control of apoptosis. Immunol Today
nant lymphocyte proliferation after treat-  gj504 1996:87:1140-6. 1997;18:44-51.
ment of the cells with 1-2M As,O5. On  (5) Kitada S, Andersen J, Akar S, Zapata JM,(21) Kumar S. ICE-like protease in apoptosis.
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