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Abstract

Aim: The aim of this study was to investigate the antitumoral activity of human

urine extract against myelodysplastic syndrome (MDS)-derived MUTZ-1 cells in

vitro and in vivo. Methods: The MDS–refractory anemia with excess of blasts

(RAEB)-derived MUTZ-1 cell line was used to examine the effects of a human

urine preparation, CDA-2, on the induction of growth arrest and apoptosis.

Apoptotic proteins, including caspase family, Bcl-2 family, the inhibitor of

apoptosis protein (IAP) family, and the FLICE-like inhibitory protein (FLIP), as

well as cell cycle-associated proteins were studied. The phosphoinositide 3 ki-

nase (PI3K)/Akt survival signaling pathway and the NF-κB pathway were also

examined. The caspase-3 inhibitor Z-DEVD-fmk was used to examine the involve-

ment of caspase-3 and poly (ADP-ribose) polymerase (PARP). PI3K inhibitor

LY294002 was used to examine the involvement of the PI3K/Akt signaling path-

way in this apoptosis-inducing effect. MUTZ-1 cell xenografted serious com-

bined immunodeficiency disease mice were used for the in vivo study. Results:

We found that CDA-2 could induce growth arrest and apoptosis of MUTZ-1 cells

in vitro and in vivo. The main mechanisms were related to the inhibition of

PI3Kp110α expression at the transcriptional level, which inactivated the phos-

phorylation of Akt involving the prevention NF-κB phosphorylation and nuclear

translocation, the downregulation of the IAP family and FLIPL protein, and the

dephosphorylation of the Bad protein, which then triggered the activation of the

caspase cascades. This phenomenon could be inhibited by the PI3K inhibitor

LY294002 and caspase-3 inhibitor Z-DEVD-fmk. Conclusion: Our results demon-

strate the presence of active components in the human urine extract that can

induce the growth arrest and apoptosis of MDS–RAEB-derived MUTZ-1 cells

and may involve the PI3K/Akt signaling pathway in a caspase-3-dependent

manner. This may provide new insights for the treatment of high-risk MDS.
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Introduction

Myelodysplastic syndromes (MDS) are clonal disorders

characterized by trilineage defects in hematopoiesis[1,2], in-

cluding erythrocytic, granulocytic, and megakaryocytic

lineages. Although clonal, MDS is sometimes considered a

premalignant condition that often progresses to acute my-

eloid leukemia (AML). The classification of MDS into low-

grade refractory anemia (relatively long survival), intermedi-

ate refractory cytopenia with multilineage dysplasia, and

high-grade refractory anemia with excess blasts depends on

percent blasts, karyotype, and peripheral cytopenias[3]. In-

termediate and high-grade cases manifest multiple abnor-

malities typically including neutropenia and granulocytic

dysplasia that frequently progress to AML with an espe-
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cially poor prognosis[4]. Finding new agents that might over-

come intermediate and high-grade MDS has thus been ac-

tively pursued.

Urine and urine extracts for therapeutic purposes have been

used for centuries[5–7]. Cell differentiation agent 2 (CDA-2) is

a mixture product, isolated from healthy human urine in China.

Previous reports have suggested that CDA-2 acts as a novel

anticancer agent having multiple biological targets in

antiproliferation, apoptosis, differentiation, and gene regu-

lation in several solid tumors[7]. Multiple active components,

such as peptides (MW 400-2800),  organ ic acids,

phenylacetate, and pigments with different mechanisms of

action act concurrently to contribute to the anticancer effect

of CDA-2[8]. The State Drug Administration (SDA) of China

approved the use of CDA-2 as an anticancer drug in solid

tumors in August 2004.

Most MDS patients are elderly, and all of them have

cytopenias. CDA-2 has relatively mild medullary and extra-

medullary toxicities, which makes it a suitable candidate for

the treatment of MDS. However, there has been no report

that clearly describes the main mechanisms of CDA-2 in MDS

cells.

In the present study, we evaluated both in vitro and in

vivo anticancer activities and the mechanism of action of

CDA-2 in MDS models in order to provide experimental thera-

peutic data to expand its indications in clinical trials.

Materials and methods

Preparations of the human urine extract  CDA-2 was

kindly supplied by Ever Life Pharmaceutical (Hefei, Anhui,

China). The human urine was acidified during collection and

passed through an ultrafiltration process to remove molecules

with molecular weights greater than 10 000 daltons. The fil-

trate was then passed through a chromatographic column

and eluted by ethanol. The colored ethanolic fraction was

collected and evaporated under vacuum. The dried extract

was reconstituted with distilled water to make a 300 g/L stock

solution and stored at 4 ºC. The compositions of CDA-2

included organic acids, peptides, pigments, and pheny-

lacetylglutamine[8, 9].

Cell culture and agents  The MUTZ-1 cell line was kindly

provided by Prof Zhen-bo HU from Chicago University

(Chicago, IL, USA). It was established from the peripheral

blood of a 5-year-old girl with MDS French-American-Brit-

ish (FAB) subtype refractory anemia with excess of blasts

(RAEB)]. The MDS arose from a pre-existing Fanconi ane-

mia and progressed quickly to an acute myeloid leukemia

(FAB M2)[10]. The MUTZ-1 cells showed cytogenetic alter-

ations associated with MDS: del (5) (q13/33) and contained

the mutant P53 gene[11]. The MUTZ-1 cell line, acute myelo-

cytic leukemia cell lines (HL-60, Kasumi-1, KG-1, U937, and

NB4), chromic myeloid leukemia cell line (K562), Burkitt’s

lymphoma cell line (Raji), and T-cell acute lymphoblastic leu-

kemia cell line (Jurkat and Molt-4) were all maintained in RPMI-

1640 (Gibco-BRL, Grand Island, NY, USA) supplemented with

10% heat-inactivated fetal calf serum (FBS; Gibco-BRL, USA),

0.2 g/L streptomycin/penicillin, and 0.1% (w/v) L-glutamine

(Gibco-BRL, Grand Island, NY, USA) in a 5% humidified

CO2 atmosphere at 37 ºC. Blood samples collected from

healthy volunteers were processed by Ficoll Hypaque gra-

dient to obtain normal peripheral blood mononuclear cells

(PBMC). The caspase-3 inhibitor Z-DEVD-fmk (40 µmol/L)

(BioVision, Mountain View, CA, USA) was added 1 h before

the treatment with CDA-2. Phosphoinositide 3 kinase (PI3K)

inhibitor LY294002 (30 µmol/L; Cell Signaling, Boston, MA,

USA) was also added 1 h before the treatment with CDA-2.

Growth inhibition assay  The inhibitory effects of CDA-2

on the proliferation of the MUTZ-1 cell line and human leu-

kemia cell lines, as well as normal PBMC, were assessed by

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

(MTT; Sigma, St Louis, MO, USA) assay. The cells were

seeded at a density of 1×104/well in 96-well microtiter plates.

The cells were treated with various concentrations of CDA-2

and incubated at 37 ºC in a 5% CO2 atmosphere for 24, 48,

and 72 h. Afterwards, 20 µL of 5 g/L MTT stock solution was

added to each well (final concentration: 0.5 g/L) for another

4 h of incubation (37 ºC, 5% CO2). After 4 h of incubation, 200

µL DMSO was added to each well, and the optical density

was read at 570 nm. The sensitivity of the cells to CDA-2 was

measured by IC50 (50% inhibitory concentration). Experimen-

tal conditions were tested in sextuplicate (6 wells of the 96-

well plate per experimental condition). All the experiments

were performed in triplicate.

Cell cycle analysis and apoptosis determination  The

MUTZ-1 cells (1×106) were washed twice in phosphate-buff-

ered saline (PBS) and fixed with 70% ice-cold ethanol, then

centrifuged and suspended in PBS containing 100 mg/L

RNase A. After incubation for 30 min at 37 ºC, the samples

were resuspended in 25 mg/L propidium iodide (PI; Sigma,

USA). Apoptosis was measured by an Annexin-V–fluores-

cein-isothiocyanate apoptosis detection kit (BD Pharmingen,

San Diego, CA, USA), according to the manufacturer’s

instructions. Data acquisition and analyses were done on a

Becton Dickinson (Franklin Lakes, NJ, USA) FACSCalibur

using CellQuest software (Becton Dickinson, USA). Annexin-

V binds to cells that express phosphatidylserine on the outer

layer of the cell membrane, and PI stains the cellular DNA of

cells with a compromised cell membrane. All the experiments
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were performed in triplicate.

Mitochondrial membrane potential measurement  Alter-

ations in the mitochondrial membrane potential (∆Ψm) were

analyzed by flow cytometry using the ∆Ψm-sensitive dye

the lipophilic cation 5,5’,6,6’-tetrachloro-1,1’,3,3’-

tetraethylbenzimi- dazolcarbocyanineiodide(JC-1) (Molecular

Probes, Eugene, OR, USA). Briefly, following treatment, 2×106

cells were harvested, washed once, resuspended in PBS, and

incubated with 1 µmol/L JC-1 at 37 ºC for 10 min. Stained cells

were then washed once with PBS and analyzed by flow

cytometry. A Becton Dickinson FACSCalibur was used to

analyze a minimum of 1×104 cells per sample. JC-1 was a

cationic dye that exhibited potential-dependent accumula-

tion in mitochondria, indicated by a fluorescence emission

shift from green (525±10 nm) to red (610±10 nm). Data were

evaluated using the CellQuest software package. Forward

and side scatters were used to gate viable populations of

cells. JC-1 monomers emit at 527 nm (FL-1 channel) and “J-

aggregates” emit at 590 nm (FL-2 channel). All the experi-

ments were performed in triplicate.

Western blot analysis and antibodies  The MUTZ-1 cells

were incubated with 2-8 g/L CDA-2 for 24 h. The cells (5×106)

were harvested and lysed in 200 µL lysis buffer ( 0.5 mol/L

Tris-HCl, pH 6.8, 2 mmol/L EDTA, 10% glycerol, 2% SDS,

and 5% β-mercaptoethanol). The extracted total protein was

loaded at 40 µg per lane on 12% Tris-glycine gels and then

transferred to a polyvinylidine diflouride membrane

(Millipore, Billerica, MA, USA). The membrane was blocked

in 5% non-fat milk dissolved in Tris buffered saline with

0.1% Tween 20 (TBS-T), and subsequently probed with the

primary antibody and a horseradish peroxidase-labeled sec-

ondary antibody. The bands were visualized using enhanced

chemiluminescence Western blotting detection reagents

(Amersham, Little Chalfont, UK). Primary antibodies included

caspase-3, poly(ADP-ribose)polymerase (PARP), caspases-

8 and -9, total Akt, Ser 473 phosphorylated Akt antibodies

(p-Akt), cellular inhibitor of apoptosis protein 1(CIAP1),

CIAP2, X-linked mammalian inhibitor of apoptosis protein

(XIAP), NF-κB (P65), cyclin D1 (BioVision, Mountain View,

CA, USA), PI3Kp110α, Bad, Ser 136 phosphorylated Bad (p-

Bad), Bid, Bcl-2, Bax, survivin, Smac, total IκBα, Ser 32 phos-

phorylated IκBα, Ser 536 phosphorylated NF-κB (p-P65),

FLICE-like inhibitory protein(FLIP), cyclin D2, cyclin D3,

cyclin-dependent kinase (CDK)4, CDK6 (Cell Signaling,

Danvers, MA, USA), actin, and lamin B (Santa Cruz

Biotechnology, Santa Cruz, CA, USA). Horseradish peroxi-

dase-conjugated secondary antimouse and antirabbit anti-

bodies were purchased from Santa Cruz Biotechnology

(USA).

Nuclear and cytosolic fractionation  The MUTZ-1 cells

were treated with 2-8 g/L CDA-2 for 24 h. Then the cells

(1×107) were harvested and incubated in 400 µL lysis buffer

(10 mmol/L HEPES [N-2-hydroxyethylpiperazine-N’-2-

ethanesulfonic acid], 10 mmol/L KCl, 1.5 mmol/L MgCl2, and

0.5 mmol/L dithiothreitol [DTT], pH 7.9) with 0.2% Nonidet

P-40 (NP-40) and protease inhibitor cocktail for 1 min on ice.

After being microcentrifuged for 1 min at 2500×g, the super-

natants were collected as cytoplasmic protein extracts. The

pellets were washed with lysis buffer without NP-40, resus-

pended in 150 µL extraction buffer (20 mmol/L HEPES, pH

7.9, 420 mmol/L NaCl, 0.5 mmol/L DTT, 0.2 mmol/L EDTA,

and 25% glycerol), and incubated for 20 min on ice. After

centrifuged at 12 000×g for 10 min, the supernatants were

collected as nuclear protein extracts.

RNA preparation and semiquantitative RT–PCR

Semiquantitative RT–PCR with GAPDH as an internal con-

trol was performed to examine the expression of messenger

RNA for the PI3Kp110α (PIK3CA). Total RNA (2 µg) from

MUTZ-1 cells was reverse transcribed into single-stranded

cDNA in a 20 µL reaction mixture containing 10 mmol/L dNTP,

1 µg oligo (dT) primer, and 200 IU M-MLV reverse tran-

scriptase (Invitrogen, Carlsbad, CA, USA). The mixture was

incubated at 42 ºC for 1 h, and then reverse transcriptase was

inactivated by heating the reaction mixture to 95 ºC for 10

min. PCR amplification was carried out with 2 µL cDNA prod-

uct in a 25 µL reaction volume containing 3 pmol of each

specific oligonucleotide primer, 10 mmol/L dNTP, and 1.5 IU

Taq DNA polymerase. For all of the reactions, preliminary

experiments were performed to determine the number of PCR

cycles that preceded saturation. The sequences of the

primers, product size, and optimized number of PCR cycles

for the PIK3CA and GAPDH expression analyses were: (1)

PIK3CA, forward primer: 5’-TGTGGGACTTATTGAGG-3’;

reverse primer: 5’-CACCATGATGTGCATCATTCA-3’

(GenBank accession no: Z29090; product size: 617 bp). The

thermal cycle unit was programmed for 35 cycles at 95 ºC for

1 min, 61 ºC for 1 min, then 72 ºC for 2 min; and (2) GAPDH,

forward primer: 5’-GAAGGTGAAGGTCGGAGTC-3’; reverse

primer: 5’-GAAGATGGTGATGGGATTTC-3’ (GenBank ac-

cession no: NM-002046; product size: 225 bp).The thermal

cycle unit was programmed for 26 cycles at 94 ºC for 30 s,

57 ºC for 45 s, then 72 ºC for 55 s. PCR products were separated

by electrophoresis on a 1.8% agarose gel and visualized after

ethidium bromide staining over UV light.

Antitumoral effect of CDA-2 on MUTZ-1 cell xenografted

serious combined immunodeficiency disease mice Tumors

models were established by injection of MUTZ-1 cells (1×107

cells/animal subcutaneously into the subscapularis of the
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serious combined immunodeficiency disease [SCID] mice)

to 4-week-old male SCID mice (National Rodent Laboratory

Animal Resource, Shanghai Branch, China). Treatments were

initiated when tumors reached a mean group size of approxi-

mately 100 mm3. Tumor volume (mm3) was measured with

calipers and calculated as (W2×L)/2, where W is the width and

L is the length. The tumor growth inhibition rate was calcu-

lated by using the following formula: Inhibition Rate (IR) (%)

=(1–TWt/TWc)×100, where TWt and TWc are the mean tumor

weight of treatment and control groups. SCID mice was ad-

ministered intraperitoneally with CDA-2 (1 and 4 g/kg) dis-

solved in 0.9% NaCl and 0.9% NaCl once every day. The

weight and tumor volume of the mice were recorded every 3

d until the animals were killed. Animal care was in accor-

dance with institutional guidelines.

Statistical analysis  All results were given as mean±SD.

Statistical significance (P<0.05) was assessed by ANOVA

followed by Student’s t-test.

Results

CDA-2 inhibited the proliferation of MUTZ-1 cells as

well as human leukemia cell lines  Using 3-(4,5-dimethy-

lthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay,

we determined the effect of CDA-2 on MUTZ-1 cells and

human leukemia cell lines as well as PBMC from 3 normal

volunteers. The IC50 (50% inhibitory concentration) was

measured in these cells treated with CDA-2 at concentra-

tions ranging from 2 to 16 g/L for 24–72 h. CDA-2 exerted

substantial growth inhibition in MUTZ-1 cells and human

leukemia cell lines. The 24 and 48 h IC50 values showed 4.82

and 2.92 g/L in MUTZ-1 cells and approximately 5.51 (24 h),

and 3.79 g/L (48 h) in myeloid leukemia cells, including HL-

60, Kasumi-1, KG-1, U937, NB4, and K562 cell lines. The sen-

sitivity of malignant lymphoid cell lines to CDA-2 was lower

than those of MUTZ-1 cells and myeloid leukemia cells, with

24 and 48 h IC50 at 6.59 and 4.74 g/L, respectively (Figure

1A).

The MUTZ-1 cells were most sensitive to CDA-2, and

cell growth was inhibited in a time- and dose-dependent

manner, corresponding to the reduced cell viability (Figure

1B). In contrast, CDA-2 did not induce cytotoxicity in PBMC

from the 3 normal volunteers (IC50=103.92 g/L, P<0.01; Fig-

ure 1B).

CDA-2 inhibited tumor growth in MUTZ-1 xenografted

SCID mice  The in vivo antiproliferative activity of CDA-2

was evaluated using human tumor models xenografted in

SCID mice. CDA-2 inhibited tumor growth in a dose-depen-

dent manner (Figure 2A). Compared with the control group,

the tumor growth was significantly inhibited (Figure 2B;

P<0.05-0.01) from d 12 to 21 in the groups treated with CDA-2

with tumor inhibition rates at 38.6% and 56.8% in the CDA-2 1

g/kg and 4 g/kg treatment groups, respectively. There was

no significant body weight change in the SCID mice during

the experiment.

Inhibition of MUTZ-1 cell proliferation was due to G1

arrest and apoptosis induction  To test whether there was an

induction of cell growth arrest of CDA-2 treatment in MUTZ-1

cells, cell cycle analyses were performed. As depicted in Fig-

ure 3A, CDA-2 treatment resulted in an increased number of

cells in the G1 phase of cell cycle, accompanied by a con-

comitant reduction of cells at the S phase of cell cycle in a

dose-dependent manner. The apoptotic nature of cell death

induced by CDA-2 was further confirmed by Annexin-V bind-

ing (Figure 3B). The percentage of early apoptotic and late

apoptotic cells in the MUTZ-1 cell line were increased. These

Figure 1. CDA-2 inhibited the proliferation of MUTZ-1 cells as well

as human leukemia cell lines. (A) IC50 results obtained from the MTT

assay in MUTZ-1 cells and human leukemia cell lines treated with

CDA-2. MUTZ-1 cells were most sensitive to CDA-2 with 24 and 48

h IC50 values at 4.82 and 2.92 g/L. Sensitivity of malignant lymphoid

cell lines to CDA-2 was lower than those of MUTZ-1 cells and my-

eloid leukemia cells. (B) MUTZ-1 cells and normal PBMC (n=3)

were treated with CDA-2 (2-16 g/L) for 24–72 h, and cytotoxicity

was analyzed by a MTT assay. Cell survival was expressed as the

optical density ratio of the treatment to control.  CDA-2 exhibited

cytotoxicity in a dose-dependent manner in MUTZ-1 cells and did

not induce cytotoxicity in normal PBMC. cP<0.01  vs normal PBMC.

Data represent mean±SD of 3 independent experiments.
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results indicated that CDA-2 induced G1 arrest and triggered

apoptosis in MUTZ-1 cells. CDA-2-induced apoptosis was

also verified in human leukemia cell lines, including HL-60,

U937, K562, Molt-4, and Jurkat cells (Figure 3C).

Apoptosis triggered by CDA-2 was mediated via caspases-

3, -8, and -9 and PARP cleavage, with caspase-3 a potential

target of CDA-2-induced apoptosis  To understand the

mechanisms of CDA-2-induced cell death in MUTZ-1 cells,

we examined the activation of caspases -3, -8, and -9, as well

as the cleavage of PARP in MUTZ-1 cells. Treatment with

CDA-2 induced marked activation of caspases-3 and -9 in a

dose-dependent manner; however caspase-8 was activated

only at CDA-2 concentrations greater than 4 g/L (Figure

4A). The cleavage of PARP, which is a substrate for the

activated caspase-3, was also observed after CDA-2 treat-

ment (Figure 4A).

We next attempted to determine whether caspase-3 was likely

to play an important role in CDA-2-induced apoptosis by treat-

Figure 2. CDA-2 significantly inhibited MUTZ-1 cell growth in

SCID mice. (A) treatment was initiated when average tumors reached

a mean group size of 108 mm3. CDA-2 was administered intraperito-

neally once everyday with CDA-2 (1 or 4 g/kg) dissolved in 0.9%

NaCl, respectively. Weight and tumor volume of the mice were re-

corded every 3 d until the animals were killed on d 21. Data represent

mean±SD of 6 SCID mice in 1 group. (B) CDA-2 could significantly

reduce the xenograft tumor volumes. Tumors of control mice and

CDA-2-treated mice on d 18 are shown. bP<0.05, cP<0.01 vs un-

treated control.

ing cells with the specific caspase-3 inhibitor, Z-DEVD-fmk[12].

The inhibition of caspase-3 activity by pretreatment with 40

µmol/L Z-DEVD-fmk significantly decreased the apoptotic

cells following CDA-2 treatment (Figure 4B). Furthermore,

CDA-2 treatment was associated with the appearance of

caspase-3 and PARP cleavage products; however, a signifi-

cant decrease in these products was observed following pre-

treatment with Z-DEVD-fmk (Figure 4C). These results sug-

gested that CDA-2-induced apoptosis might be caspase-3-

dependent.

Bcl-2 family,the inhibitor of apoptosis(IAP) family, and

FLICE-like inhibitory proteinlong (FLIPL) were involved in

CDA-2-induced apoptosis  The Bcl-2 family and the inhibitor

of apoptosis (IAP) family members could ultimately inhibit

or promote apoptosis. Therefore, we investigated whether

CDA-2 treatment could modulate the expression of these

pro- and anti-apoptotic proteins. After treatment with CDA-2

for 24 h, there was a dose-dependent decrease in the level of

Bcl-2 and dose-dependent increase in the level of Bax pro-

tein (Figure 5A), which activated caspase-9 by decreasing

the Bcl-2/Bax ratio (Figure 5B). Bad, another regulatory com-

panion protein of Bcl-2[13], appeared to be unchanged after

exposure to CDA-2, while the phosphorylation state of Bad

was altered (Figure 5A,5C). Importantly, cleaved Bid was

observed after CDA-2 dosage greater than 4 g/L (Figure 5A),

which was in accordance with the activation of caspase-8,

suggesting that cross-talk of apoptotic signaling from

caspases-8 to -9 occurs[14]. Increased ratios of cells with de-

polarized mitochondrial membranes were also shown in these

apoptotic cells, which indicated that mitochondria were in-

volved in the CDA-2-induced apoptosis (Figure 5D). Finally,

the release of the Smac protein was observed in response to

this agent (Figure 5A).

Because Smac reportedly promotes apoptosis by bind-

ing to and antagonizing the IAP family multiple proteins,

including XIAP, CIAP, and survivin[15], the expression of

these proteins was examined. The downregulation of XIAP,

CIAP1, and survivin was observed in CDA-2-treated cells,

whereas the expression of CIAP2 did not change (Figure

5A).

The FLIP protein was an antiapoptotic molecule which

interfered with the receptor-mediated activation of caspase-

8[16]. In MDS, the FLICE-like inhibitory proteinlong (FLIPL) and

FLICE-like inhibitory proteinshort (FLIPS)splice variants was

dysregulated. Therefore, we examined the expression of the

FLIP protein in MUTZ-1 cells. MUTZ-1 cells had a high ex-

pression of FLIPL and a low expression of FLIPS, which was

in accordance with the FLIP expression in high-risk MDS[17].

CDA-2 treatment could downregulate the expression of FLIPL
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when CDA-2 concentrations were greater than 4 g/L, which

led to a decrease in the FLIPL/FLIPS, ratio and induced the

activation of caspase-8.

Cell cycle-associated proteins, cyclin D1 and CDK4,

were involved in CDA-2-induced G1 arrest  The levels of the

cell cycle-associated proteins were determined by Western

blotting. As shown in Figure 6, CDA-2 decreased the abun-

dance of cyclin D1 and CDK4 in the protein levels in a dose-

dependent manner, which was in accordance with CDA-2-

induced MUTZ-1 cell line G1 arrest. However, the protein

levels of cyclin D2, cyclin D3, and CDK6 were unchanged.

Such data suggests that CDA-2 induced G1 arrest involved

cyclin D1 and CDK4 cell proteins.

CDA-2 inactivates NF-κκκκB by preventing NF-κκκκB phos-

phorylation and nuclear translocation in MUTZ-1 cells Since

the Bcl-2 family, IAP family, FLIPL, and cyclin D1 proteins

Figure 3. Treatment of CDA-2 resulted in G1 arrest and apoptosis of MUTZ-1 cells and human leukemia cell lines. (A) CDA-2 led to a dose-

dependent accumulation of the cells in the G1 phase of the cell cycle. Accordingly, the number of cells in the S phase decreased. (B) MUTZ-1 cells

incubated with indicated concentrations of CDA-2 for 24 h stained with flow cytometric. Early and late apoptotic cells increased in a dose-

dependent manner. (C) human leukemia HL-60, U937, K562, Molt-4, and Jurkat cell lines were all incubated with 4 g/L CDA-2 for 24 h. CDA-

2-induced apoptotic percentage, including early and late apoptotic cells, increased in all human leukemia cell lines. bP<0.05, cP<0.01 vs

untreated control. Data represent mean±SD of 3 independent experiments.
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Figure 4. Apoptosis triggered by CDA-2 was mediated via the caspase cascades. (A) CDA-2 induced dose-dependent activation of caspases-3

and -9 and PARP; however, caspase-8 was activated only at CDA-2 concentrations greater than 4 g/L. (B) MUTZ-1 cells were preincubated

with 40 µ mol/L Z-DEVD-fmk for 1 h before the treatment of 4 g/L CDA-2 for 24 h. Z-DEVD-fmk completely inhibited CDA-2-induced

caspase-3 activation and PARP cleavage. (C) Annexin-V–PI stain showed Z-DEVD-fmk significantly decreased CDA-2-induced apoptosis.

Each column represents the percentage of apoptotic cells as mean±SD in triplicate in 3 independent experiments. bP<0.05  vs untreated control;
eP<0.05 vs CDA-2 treated group.

are all known to be transcriptionally regulated by NF-κB[18-23],

we next examined the NF-κB (P65) nuclear translocation in

MUTZ-1 cells treated with 2-8 g/L CDA-2. The nuclear con-

tent of activated NF-κB (p-P65) was decreased with its accu-

mulation in the cytoplasm in its inactive manner after CDA-2

treatment (Figure 7A).

It has been shown that the nuclear translocation of NF-κB

occurs as a result of  NF-κB phosphorylation as well as IκBα

phosphorylation and degradation. In our study, NF-κB and

IκBα phosphorylation was inhibited, while total NF-κB and

IκBα remained unchanged in the CDA-2-treated MUTZ-1

cell cytoplasm (Figure 7), which therefore inhibited NF-κB

nuclear translocation.

Inactivation of the PI3K/Akt survival pathway by de-

creased PIK3CA transcription was associated with CDA-2-

mediated apoptosis  We further investigated the PI3K/Akt

survival pathway, which had an effect on caspase-9, p-Bad,

p-IκBα, and the IAP family. After treatment with CDA-2 for

24 h, there was a dose-dependent decrease in the level of

PI3Kp110α, p-Akt, while total Akt remained unchanged

(Figure 8A). We next examined the phosphorylation level of

Akt in some myeloid leukemia cell lines, including K562,

Kasumi-1, and KG-1, as well as some malignant lymphoid

cell lines, including Jurkat, Molt-4, and Raji. The MUTZ-1,

Kasumi-1, and KG-1 cell lines all had a high expression of

p-Akt, with MUTZ-1 having the highest expression, which

was in accordance with the sensitivity to CDA-2 (Figure 8B).

The inhibition of PI3Kp110α expression was further con-

firmed at the mRNA level in a time- and dose-dependent

manner after exposure to CDA-2 in the setting of induction

of apoptosis in MUTZ-1 cells (Figure 8C).

To further verify the role of the PI3K/Akt pathway on CDA-

2-induced apoptosis, MUTZ-1 cells were treated with CDA-2

in the presence or absence of PI3K inhibitor LY294002 (30

µmol/L). CDA-2 combined with LY294002 significantly inhib-

ited the expression of p-Akt, and therefore, downregulated p-

Bad, p-P65, XIAP, FLIPL, cyclin D1, and activated caspase-9

(Figure 8D).

Discussion

Searching for novel therapeutics for treating high-risk

MDS is not limited to traditional low dosage chemotherapies.

Recently, the medicinal use of urine preparations in antican-

cer has been studied, and various mechanisms have been

proposed to explain their effects. In our experiments, we

first found that CDA-2, a urinary preparation, exerted po-
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Figure 5. Effect of CDA-2 on the Bcl-2 family, IAP family, as well as the FLIP protein. (A) expression of the Bcl-2 family and IAP family

proteins after CDA-2 treatment for 24 h in MUTZ-1 cells. Bcl-2 and p-Bad proteins were decreased in a dose-dependent manner; however,

total Bad remained unchanged. Bax and Smac proteins were increased in a dose-dependent manner. Bid protein cleavaged only at CDA-2

concentrations greater than 4 g/L, which was in accordance with caspase-8. XIAP, CIAP1, and survivin proteins were downregulated in a dose-

dependent manner, but not the CIAP2 protein. MUTZ-1 cells had a high expression of FLIPL and low expression of the FLIPS protein. CDA-2

treatment could downregulate the expression of the FLIPL protein when CDA-2 concentrations were greater than 4 g/L. (B) ratio of Bcl-2/Bax

was decreased in a dose-dependent manner. (C) columns represent the ratios of Bad and p-Bad to actin after treatment with CDA-2. (D) ratio

of FLIPL/FLIPS was decreased in a dose-dependent manner. (E) CDA-2 induced the change of mitochondrial membrane potential in MUTZ-1

cells. Cells were treated with 4 g/L CDA-2 for 6–18 h and stained the mitochondria-selective JC-1 dye. Percentage of cells with fluorescence

emission shifting from red to green presented a time-dependent manner. bP<0.05, cP<0.01  vs untreated control. Data represent mean±SD of 3 independent

experiments.
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Figure 6. Effects of CDA-2 on the cell cycle-associated proteins in MUTZ-1 cells. (A) cyclin D1 and CDK4 proteins were decreased in a dose-

dependent manner; however, cyclin D2, cyclin D3, and CDK6 remained unchanged. (B) column represents the ratios of cell cycle-associated

proteins to actin after treatment with CDA-2. bP<0.05, cP<0.01  vs untreated control. Data represent mean±SD of 3 independent experiments.

Figure 7. CDA-2 prevented NF-κB activation and nuclear translocation and inhibited IκBα phosphorylation in MUTZ-1 cells. (A) MUTZ-1

cells were incubated with CDA-2 for 24 h. Nuclear and cytoplasmic proteins were prepared for Westen blotting to detect P65 and p-P65. Lamin

B was used as a nuclear protein control. A decrease in P65 was seen in the nuclear protein extracts in a dose-dependent manner; however, the

P65 protein in the cytoplasm remained unchanged. p-P65 proteins were decreased in the nuclear and cytoplasmic proteins. Columns represent

the ratios of nuclear P65 and p-P65 to lamin B and the cytoplasmic P65 and p-P65 to actin. (B) equal proteins from cytoplastic lysates were

also analyzed with antibodies specific for the p-IκBα and total IκBα. CDA-2 decreased p-IκBα expression in the cytoplastic protein extracts,

but not of total IκBα. Columns represent the ratios of p-IκBα and total IκBα to actin. Data represent mean±SD of 3 independent experiments.
bP<0.05, cP<0.01 vs untreated control.
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Figure 8. Effects of CDA-2 on the PI3K/Akt survival signaling pathway. (A) MUTZ-1 cells were treated with 2-8 g/L CDA-2 for 24 h. CDA-2

significantly reduced the expression of PI3Kp110α as well as p-Akt, but not of total Akt. (B) whole cell lysates from the K562, MUTZ-1,

Kasumi-1, KG-1, Jurkat, Molt-4, and Raji cell lines were examined using Westen blotting with specific antibodies against p-Akt. MUTZ-1,

Kasumi-1, and KG-1 cell lines all had high expressions of p-Akt, with MUTZ-1 having the highest expression. (C) inhibition of PI3Kp110α

expression was further confirmed at the mRNA level in a time- and dose-dependent manner. Columns represent the mRNA level of PIK3CA

to actin. (D) MUTZ-1 cells were preincubated with 30 µ mol/L LY294002 for 1 h before the treatment of 4 g/L CDA-2 for 24 h. CDA-2

combined with LY294002 significantly inhibited the expression of p-Akt. p-Bad, p-P65, XIAP, FLIPL, as well as cyclin D1 proteins. Columns

represent the ratios of p-Akt, p-Bad, p-P65, XIAP, FLIPL, and cyclin D1 to actin after treatment with CDA-2 and LY294002. bP<0.05, cP<0.01

vs untreated control; eP<0.05 vs LY294002-treated group. Data represent mean±SD of 3 independent experiments.
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tent antiproliferative activity in the MDS–RAEB-derived cell

line, MUTZ-1. However, it exhibited no cytotoxicity of PBMC

from normal volunteers. We further evaluated the effects of

CDA-2 on MUTZ-1 xenografted SCID mice. The results of

the in vivo experiments demonstrated the potent anticancer

activity of CDA-2 in inhibiting tumor growth in a dose-de-

pendent manner, without any significant influence on the body

weight of mice. On the basis of the in vitro studies, it was

most likely that the anticancer effect on MUTZ-1 xenografted

SCID mice was due to CDA-2-mediated apoptosis, and the

results of the apoptosis assay were consistent with our

hypothesis.

Furthermore, we identified the mechanisms involved in

the process of CDA-2-induced apoptosis and our work re-

vealed the obvious changes of the expression levels of sev-

eral survival proteins that play key roles in apoptosis.

Apoptosis is confirmed by the activation of the caspase

cascade, which is a crucial gateway involved in the execu-

tion of apoptosis in a variety of cellular systems. Caspase-3

is an ultimate executioner of the caspase family, which is

essential for the nuclear changes associated with apoptosis,

including chromatin condensation[24]. PARP is a highly con-

served nuclear enzyme that binds tightly to DNA and plays

a role in DNA repair, recombination, proliferation, and ge-

nomic stability[25,26]. It is also known that when the caspase

cascade is activated, caspase-3 disassembles PARP into

cleaved fragments. Therefore, the appearance of the cleaved

PARP is solid proof of the activation of the caspase family.

Our observation showed that cleaved caspase-3 and PARP

appeared after incubation of 2-8 g/L CDA-2 for 24 h. The

caspase-3 inhibitor Z-DEVD-fmk (40 µmol/L) could signifi-

cantly block CDA-2-induced caspase-3 activation and PARP

cleavage, which indicated the activation of caspase-3 was

close related to CDA-2-induced apoptosis.

The activation of the PI3K/Akt survival pathway is one

of the critical steps in cell survival through the suppression

of apoptosis[27,28]. Recently, activated Akt kinase has been

demonstrated in high-risk MDS patients[29]. The activated

Akt inhibits apoptosis by multiple mechanisms, including

phosphorylation of Bad, caspase-9, NF-κB, and the modula-

tion of the IAP protein family[30]. Inactive cytosolic Akt is

recruited to the plasma membrane and is activated by phos-

phorylation at serine-473 and threonine-308 in response to

growth factors or cytokines[31,32]. The phosphorylation of

Akt is mediated by the direct binding of lipid second

messengers, such as phosphatidylinosital-3,4-biphosphate

(Ptdins(3,4)P2) and phosphatidylinositol-3,4,triphosphate

(Ptdins(3,4,5)P3) that are generated by PI3K[33]. The PIK3CA

gene, located at 3q26, encodes the p110α catalytic subunit

of PI3K. This gene has been proposed as a putative oncogene

in solid tumors and its amplification gives rise to the activa-

tion of Akt[34]. Our preliminary data showed that the activa-

tion of Akt was highest in the MUTZ-1 cell line, which might

be strongly associated with the sensitivity of CDA-2 in

MUTZ-1 cells. Our data also showed that CDA-2 inhibited

the activation of Akt through the inhibition of PIK3CA gene

transcription. The blockade of Akt signaling by the PI3K

inhibitor LY294002 (30 µmol/L) resulted in the inhibition of

Akt phosphorylation in MUTZ-1 cells. When CDA-2 was

combined with LY294002, the ability of CDA-2 to induce

apoptosis of MUTZ-1 cells was potentiated, and the phos-

phorylation of Akt was significantly downregulated, which

indicated that the inactivation of the PI3K/Akt survival path-

way played an important role in CDA-2-induced MUTZ-1

cell death.

The PI3K/Akt pathway can transiently associate with the

IκB kinase, which will then phosphorylate the inhibitory

element IκB, thereby releasing NF-κB to translocate to the

nuclear, while IκB is degraded via the proteasome pathway[35].

The constitutive activation of NF-κB is observed in high-

risk MDS[36,37], and NF-κB regulates the expression of many

genes important for apoptosis and the survival of cancer

cells, including Bcl-2, the IAP family[38], as well as FLIPL
[22].

In our studies, we found that CDA-2 could inhibit NF-κB

activity through an impact on NF-κB phosphorylation and

nuclear translocation. CDA-2 combined with LY294002 could

significantly affect NF-κB phosphorylation. It was con-

firmed that CDA-2 had the ability to negatively regulate

NF-κB activity through the inactivation of the PI3K/Akt

survival pathway. Given the expression of NF-κB in MDS

cells, but not normal primitive cells, CDA-2 can induce

cancer-specific apoptosis through the inactivation of the

PI3K/Akt/ NF-κB pathway.

The NF-κB pathway has been also implicated in regulat-

ing cell cycle progression, since NF-κB activity is induced

as cell pass from the G0 phase into the G1 phase of the cell

cycle[39]. Recently it has been shown that NF-κB transcrip-

tionally regulates the expression of the cyclin D1 gene[40],

and the cyclin D1 protein interacts with cyclin-dependent

kinases, which phosphorylate and inactivate the retinoblas-

toma tumor suppressor[41]. In our studies, we found that

CDA-2 could decrease the expression of cyclin D1 and

CDK4 in a dose-dependent manner. CDA-2 combined with

LY294002 could significantly inhibit the expression of cyclin

D1. Thus it is possible that CDA-2 inhibits the progression

of the cell cycle to the G1 phase by targeting the PI3K/Akt/

NF-κB signaling pathway and prevent the expression of

cyclin D1.
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The primary cause of treatment failures in high-risk MDS

is the emergence of both resistant disease and early relapse.

Among the most frequent causes of these phenomena are

the defects in the mitochondrial-mediated apoptosis path-

way[42]. This pathway is regulated by the Bcl-2 family of anti-

apoptotic (Bcl-2, Bcl-xl, and Mcl-1) and pro-apoptotic (Bax,

Bad, and Bak) proteins. Our data demonstrated that CDA-2-

induced apoptosis was most likely mediated by the dephos-

phorylation of Akt and subsequently Bad, thereby destabi-

lizing the stoichiometric relationship between the Bcl-2 fam-

ily members and their regulatory proteins. In our study, aside

from Bad dephosphorylation, the expressions of Bax pro-

teins were enhanced greatly by CDA-2 in a dose-dependent

manner, while the amounts of Bcl-2 were downregulated in a

strong and rapid manner. As Bax has the ability to

heterodimerize with the Bcl-2 protein, the ratio of Bcl-2 to

Bax appears as one of the important markers for the occur-

rence of apoptosis[43]. In fact, Bcl-2 and Bax, represent both

sensitive indicators of clinical outcome and potential targets

of novel pro-apoptotic molecules designed to circumvent

chemoresistance[44]. A higher Bcl-2/Bax ratio confers a very

poor prognosis with decreased rates of complete remission

and overall survival[45–47]. The data in our study showed that

the Bcl-2/Bax ratio decreased in a dose-dependent manner,

which suggests that CDA-2 might represent a new thera-

peutic regiment, capable of inducing apoptosis at an early

treatment state and overcoming multidrug resistance in vivo.

Mitochondria, which may play a pivotal role in the interac-

tion of Bcl-2 and Bax, are also important indications of

apoptosis[48]. Therefore, the depolarized mitochondrial mem-

branes were observed during CDA-2-induced apoptosis. A

dose-dependent activation of the initiator caspase, caspase-9,

was also observed after CDA-2 treatment. We concluded

that the Bcl-2 family and mitochondria were involved in CDA-

2-induced apoptosis, which was associated with the PI3K/

Akt/Bad pathway.

The IAP family is a family of physiological substrates of

Akt that are stabilized to inhibit programmed cell death. IAP

have direct effects on caspases-9 and -3[49]. Our findings

confirmed that a decrease of XIAP, CIAP1, and survivin was

a common mechanism of CDA-2-induced cell death. CDA-2

combined with LY294002 could significantly downregulate

XIAP, CIAP1, and survivin. These results also suggested

that Akt might modulate these survival proteins for the sur-

vival of MUTZ-1 cells. Since IAP family were frequently

overexpressed in high-risk MDS and overt leukemia trans-

formed from MDS[50], the ability of CDA-2 to reduce the lev-

els of the IAP family made it a powerful inducer of apoptosis

and overcame multidrug resistance. By decreasing the IAP

family, CDA-2 also can lower the apoptotic threshold and

thereby enhance cell death induced by chemotherapeutic

agents[48].

FLIP is another antiapoptotic molecule, which is regu-

lated by NF-κB. It interferes with the receptor-mediated acti-

vation of caspase-8. The expression of FLIPL and FLIPS splice

variants is dysregulated in MDS. Specifically, levels of FLIPL

increased and levels of FLIPS decreased with progression of

MDS from refractory anemia (RA) to RAEB (or more ad-

vanced disease), leading to an increase in the FLIPL/FLIPS

ratio[51]. The FLIPL/FLIPS ratio directly correlated with the

levels of NF-κB activity[17]. Our findings confirmed that

MUTZ-1 cells had a high expression of FLIPL and a low ex-

pression of FLIPS. CDA-2 treatment could induce a dose-

dependent decrease in FLIPL when CDA-2 concentrations

were greater than 4 g/L. CDA-2 combined with LY294002

could significantly decrease the expression of FLIPL, which

suggested that the PI3K/Akt/NF-κB signaling pathway were

involved in the CDA-2-induced inhibition of FLIPL.

In summary, this study provides evidence that CDA-2

induces significant cytotoxicity in the MDS–RAEB-derived

cell line MUTZ-1 in vitro. The mechanisms of CDA-2 cyto-

toxicity are related to the induction of apoptosis, which ap-

pears to be regulated by the PI3K/Akt survival pathway in-

volving the prevention of NF-κB nuclear translocation,

downregulation of the IAP family, FLIPL, and the dephos-

phorylation of the Bad protein, triggering the activation of

the caspase cascades. Moreover, the in vivo antitumoral

activity of CDA-2 is demonstrated in the MUTZ-1

xenografted model. The potent effects of CDA-2 in MDS–

RAEB-derived cells reported in this study warrant further

investigations for the treatment of high-risk MDS.
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