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22The phosphorylation of key proteins balanced by protein kinases and phosphatases are implicated in the regula-
23tion of cell cycle and apoptosis of malignant cells and influences anticancer drug actions. The efficacy of dauno-
24rubicin (DNR) in suppression of leukemic cell survival was investigated in the presence of tautomycin (TM) and
25calyculin A (CLA), specific membrane permeable inhibitors of protein phosphatase-1 (PP1) and -2A (PP2A),
26respectively. CLA (50 nM) or TM (1 μM) suppressed viability of THP-1 and KG-1 myeloid leukemia cell lines to
27moderate extents; however, they significantly increased survival upon DNR-induced cell death. CLA increased
28the phosphorylation level of Erk1/2 and PKB/Akt kinases, the retinoblastoma protein (pRb), decreased caspase-
293 activation by DNR and increased the phosphorylation level of the inhibitory sites (Thr696 and Thr853) in the
30myosin phosphatase (MP) target subunit (MYPT1) as well as in a 25 kDa kinase-enhanced phosphatase inhibitor
31(KEPI)-like protein. TM induced enhanced phosphorylation of pRb only, suggesting that this eventmay be a com-
32mon factor upon CLA-induced PP2A and TM-induced PP1 inhibitory influences on cell survival. Silencing PP1 by
33siRNA in HeLa cells, or overexpression of Flag-KEPI in MCF-7 cells coupled with inducing its phosphorylation by
34PMA or CLA, resulted in increased phosphorylation of pRb. Our results indicate that PP1 directly dephosphory-
35lates pRb, while PP2Amight have an indirect influence viamediating the phosphorylation level of PP1 inhibitory
36proteins. These data imply the importance of PP1 inhibitory proteins in controlling the phosphorylation state of
37key proteins and regulating drug sensitivity and apoptosis in leukemic cells.

38 © 2014 Published by Elsevier Inc.

3940

41

42

43 1. Introduction

44 Chemotherapy is a common way to treat hematological malignan-
45 cies to eliminate malignant cells from the body by inducing cell death.

46Anticancer drugs are known to induce apoptosis by activating
47proapoptotic regulators and at the same time suppressing survival
48factors [1]. Several signaling pathways may influence the efficacy of
49chemotherapeutic drugs and it often includes the modification of
50the activity of pro- and anti-apoptotic factors by Ser/Thr-specific
51phosphorylation/dephosphorylation [2,3]. This recognition has directed
52attention to the regulatory functions of protein kinases andphosphatases
53as their actual activity ratio determines the phosphorylation state of key
54proteins in cell survival. It is well established that the elements of certain
55protein kinase cascades, such as p42/44Erk1/2 and some other MAP-
56kinases [4,5] as well as Akt/PKB kinase [6], are important determinants
57of malignant cell apoptosis. They can exert protective influence against
58the action of anticancer drugs increasing survival, or, on the contrary,
59the activation of some MAP-kinase types might contribute to the
60destructive cellular effects.
61Protein phosphatase-1 (PP1) and -2A (PP2A), are twomajor types of
62the phospho-Ser/Thr-specific protein phosphatases and they also play
63essential roles in the regulation of cell death or survival [7,8]. It has
64been shown that induction of cell death by chemotherapeutic agents
65is often coupled with phosphatase activation [9,10], while on the
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66 other hand phosphatase inhibition by cell-permeable inhibitory toxins
67 such as calyculin A (CLA), tautomycin (TM) or okadaic acid (OA) could
68 also decrease cell viability [11–13]. Intriguingly, when the drug and
69 phosphatase inhibitory treatments are coupled, then phosphatase inhi-
70 bition generally increases the survival of leukemic cells against several
71 drugs implicating the protein phosphatases in the regulation of
72 chemosensitivity of these cells [11,13–15]. However, the molecular
73 mechanisms for the action of protein phosphatases have not been char-
74 acterized in details. It is believed that PP2A inhibition plays a role in the
75 suppression of apoptosis by diminishing Bax translocation tomitochon-
76 dria, while PP1 inhibition is thought to be involved in decreasing of
77 CD95/Fas death receptor induced apoptosis [11].
78 The regulation of cell cycle in malignancy is also an important issue
79 in the uncontrolled growth of cancer cells [16,17]. Retinoblastoma pro-
80 tein (pRb), the product of a tumor suppressor gene, is an essential ele-
81 ment of the checkpoint in G1/S transition of cell cycle, and its deletion
82 or mutations are often identified in a variety of different cancers [18].
83 Hypophosphorylated pRb binds E2F family transcription factors strong-
84 ly, thereby suppressing transcription of genes necessary for cell cycle
85 progression.Moreover, pRb in associationwith E2F1 transcription factor
86 can bind to transcriptionally active proapoptotic promoters and this is
87 required to maximal apoptotic effects [19]. The phosphorylation of
88 pRb by distinct cyclin/CDK complexes leads to dissociation of E2F1
89 allowing progression through G1/S transition and synthesis of the
90 genes in S phase [20]. pRb is phosphorylated at more than 10 Ser/Thr
91 residues, and phosphorylation and communication between several of
92 these sites, such as Thr373, Ser608, Ser612, Thr821 and Thr826, might
93 be implicated in inducing structural changes in pRb which promote
94 possible dissociation of E2F1 [18]. However, among these sites, Thr821
95 or Thr826 are with special importance since phosphorylation of either
96 residue may result in disruption of the interaction of pRb with
97 interacting partners [20]. While the identity of the protein kinases that
98 phosphorylate the Ser/Thr residues in pRb are well established, the
99 protein phosphatases involved in the dephosphorylation processes are
100 described less in details, although many studies have been carried out
101 to date [20]. These results substantiate that the phospho-Ser/Thr sites
102 in pRb are dephosphorylated by PP1 or PP2A, or both enzymes.
103 In our previous study, we showed that the C-terminal phosphoryla-
104 tion sites of pRb phosphorylated by cyclinE/CDK2 and cyclinD/CDK4
105 were preferentially dephosphorylated by PP1, and that myosin phos-
106 phatase (MP) in which PP1 catalytic subunit (PP1c) is complexed with
107 myosin phosphatase target subunit 1 (MYPT1) might be one of the
108 PP1 holoenzyme acting on phospho-pRb in THP-1 leukemic cells [13].
109 In accordance with the above data, increased inhibitory phosphoryla-
110 tion of MP inMYPT1was correlated with elevated pRb phosphorylation
111 and increased chemosensitivity of THP-1 cells to daunorubicin (DNR)
112 treatment. It was also proven that there is a competition between pRb
113 and MYPT1 for binding of PP1c since both proteins include an RVxF
114 like PP1c-binding motif. With respect to the latter it was demonstrated
115 that PP1c interacted with pRb via a KLRF sequence motif at its regulato-
116 ry subunit binding site and PP1c was positioned in complexwith pRb in
117 away that it could still exert its catalytic activity on phosphorylated res-
118 idues [21]. In addition, binding of PP1c to pRb had another important
119 consequence; it blocked interaction of pRb with CDKs; therefore,
120 besides forming an active phosphatase-pRb complex, it might also con-
121 tribute to the decreased phosphorylation level of pRb through keeping
122 the kinase away from the substrate. The above results, together with
123 previously published data [10,22–24] present compelling lines of evi-
124 dence that PP1 is the major physiological phosphatase for pRb dephos-
125 phorylation. Nevertheless, many reports proved the involvement of
126 PP2A in mediating the phosphorylation level of pRb [25,26] and other
127 pocket proteins [27,28].
128 In this work, we have attempted to identify how PP1 and/or PP2A
129 may influence the chemosensitivity of leukemic cells against chemo-
130 therapeutic drug treatments using cell-permeable phosphatase inhibi-
131 tory toxins selective for PP2A or PP1. Our present data suggest that

132PP2A may regulate the phosphorylation level of Erk1/2, Akt and pRb,
133and it had an influence on caspase-3 activity, too. In contrast, PP1
134appears to be involved in the direct dephosphorylation of pRb. It is
135demonstrated that a 25 kDa kinase-enhanced phosphatase inhibitor
136(KEPI)-like protein, with known inhibitory potency on both PP1c and
137MP, may also participate in the inhibition of PP1 in THP-1 cells, thereby
138increasing the phosphorylation level of pRb. Our results support the
139conclusion that PP2A influences pRb dephosphorylation indirectly, via
140regulating the phosphorylation state of PP1c inhibitory or regulatory
141proteins (KEPI, MYPT1). These data draw attention to the importance
142of the expression and phosphorylation of PP1 inhibitory proteins in
143malignant cells and on their role in controlling the phosphorylation
144state of key proteins in the regulation of cell survival.

1452. Materials and methods

1462.1. Cell cultures

147THP-1 human monocytic leukemia cells, KG-1 human myeloid leu-
148kemia cells, MCF-7 breast cancer cells and HeLa human cervical cancer
149cells were purchased from the European Collection of Cell Cultures
150(ECACC) and cultured according to the supplier's recommendations at
15137 °C in a humidified atmosphere of 5% CO2 and 95% air.

1522.2. In vitro drug sensitivity assay

153In vitro drug resistance assays were assessed using a 2-day cell cul-
154tures on microtiter plates. THP-1 or KG-1 cells were preincubated ini-
155tially with 50 nM calyculin A (CLA, Santa Cruz Biotechnology) or 1 μM
156tautomycin (TM, Merck Millipore) and were washed with PBS after 1
157h. Daunorubicin (DNR, Sigma-Aldrich) was dissolved in DMSO, and it
158was placed out in 50 nL volumes and four concentrations in triplicates
159on 384-well plates by using a Biomek robot. Each well was loaded
160with 30 μL cell suspension containing 1000 cells as the final concentra-
161tions of DNR were 0.15 μM, 0.61 μM, 1.84 μM and 7.38 μM. After 2 days
162of incubation, the live and dead cells were differentially stained using
163fluorescent VitalDye (Biomarker, Hungary). The precise number of liv-
164ing cells was determined using a custom built automated laser confocal
165fluorescent microscope (a modified Perkin-Elmer UltraView LCI) at the
166Karolinska Institute visualization core facility (KIVIF). The images were
167captured using the computer program QuantCapture 4.0, whereas the
168living cells were identified and individually counted using the program
169QuantCount 3.0. Both programs were developed at the KIVIF using
170OpenLabAutomator programming environment (Improvision) [29]. Fif-
171teen control wells that were used to determine the control cell survival
172contained cells with only culture medium and 50 nL solvent (DMSO)
173without drugs, 5wells contained cells with culturemedium alone. Com-
174paring the two types of control wells, no toxic effect of DMSO could be
175seen.Mean cell survivalwas determined from the average of cell surviv-
176al from the three identical wells.

1772.3. Phosphatase activity assay

178Prior to treatments, THP-1 cells were incubated in serum-free medi-
179um for 16 h. To investigate the influence of the inhibitors on phospha-
180tase activity, cells were treated with 50 nM CLA and 1 μM TM for 1 h
181in serum-free media, and lysates were prepared for phosphatase assays
182as described previously [30]. Briefly, cellswerewashedwith phosphate-
183buffered saline (PBS) followed by 0.1MTris–HCl (pH 7.6), 150mMNaCl
184(TBS) containing 0.1mMEDTA, and then collected in 100 μl ice-cold TBS
185containing 0.1 mM EDTA supplemented with 0.5% protease inhibitor
186cocktail and 50 mM 2-mercaptoethanol. Cells were frozen in liquid ni-
187trogen and then thawed and sonicated, and the lysates were clarified
188by centrifugation at 16,000g for 10 min. The phosphatase activity of
189the supernatants (30-fold final dilution in the assays) was assayed
190with 1 μM 32P-labeled 20 kDa light chain (32P-MLC20) of turkey gizzard
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191 myosin [31] in the absence or presence of 2 μM His-inhibitor-2 (I-2,
192 expressed and prepared as described in [21]) at 30 °C in 20 mM Tris–
193 HCl (pH 7.4) and 0.1% 2-mercaptoethanol. The reaction was initiated
194 by addition of the substrate. After a 10-min incubation, the reaction
195 was terminated by the addition of 200 μl 10% TCA and 200 μl 6 mg/ml
196 BSA. The precipitated proteins were collected by centrifugation and
197 the released 32Pi was determined from the supernatant (370 μl) in a
198 scintillation counter.

199 2.4. Caspase-3 activity measurement

200 The activity of caspase-3 enzymewas measured in both treated and
201 control cells using a fluorometric Caspase-3 Immunoassay/Activity Kit
202 (MerckMillipore). After treatments, THP-1 cells (5× 106)were harvest-
203 ed by centrifugation and washed with ice-cold PBS. Cells were lysed by
204 adding 110 μL chilled lysis buffer (10 mM HEPES, 2 mM EDTA, 0.1%
205 CHAPS, 1 mM PMSF, 10 μg/mL Pepstatin A, 10 μg/mL Aprotinin, 20
206 μg/mL Leupeptin). Lysates were centrifuged at 16,000g for 3 min at 4
207 °C. A 60-μM substrate in 2× reaction buffer (200 mM HEPES, 20% su-
208 crose, 0.1% CHAPS) was added to the supernatant, and the samples
209 were incubated for 60min at 37 °C. Thefluorescence from appropriately
210 diluted samples was measured at 380 nm excitation and 460 nm
211 emission.

212 2.5. Detection of normal, apoptotic and necrotic cells by differential staining
213 and cell morphology as well as lactate dehydrogenase (LDH) assay

214 After treatments, the cells were washed two times with phos-
215 phate-buffered saline (PBS) and stained with 10 μM Hoechst 33342
216 (Sigma-Aldrich) in PBS for 15 min followed by staining with 5 μM
217 propidium iodide (PI) for 5 min at 37 °C in the dark. For the analysis
218 of cell viability and nuclear morphology, cells were seeded on poly-L-
219 lysine-coated coverslips. Afterwards, coverslipswerewashedwith PBS
220 and mounted with ProLong Gold antifade reagent. Images were ac-
221 quired with a Zeiss LSM 510 Meta confocal microscope (Carl Zeiss,
222 Jena, Germany). The autofluorescent signal of DNRwas excluded by de-
223 tecting the PI emission in the wavelength range of 710 to 750 nm. Cells
224 were classified as “viable” (Hoechst positive/PI negative, normal nucle-
225 ar morphology), “apoptotic” (Hoechst positive/PI negative, chromatin
226 condensation, fragmentation, blebbing) or “necrotic” (Hoechst posi-
227 tive/PI positive). At least 200 cells were examined in each preparation
228 in three independent experiments.
229 The proportion of necrotic cells was also assessed by measuring the
230 release of lactate dehydrogenase (LDH) from damaged cells using
231 Cytoscan colorimetric assay (G-Biosciences) according to the manufac-
232 turer's instructions. Briefly, after treatments, cells were collected and
233 centrifuged at 8000g for 1min, and the supernatants (50 μl) were trans-
234 ferred into 96-well flat bottom plate. Substrate mix (50 μl) was added,
235 and the plate was incubated (20 min) and then the absorbance of sam-
236 ples was measured at 490 nm. Culture medium without cells was used
237 as background control. Themaximumamount of releasable LDHactivity
238 was determined by disrupting the cells with lysis buffer. Cytotoxicity
239 was expressed as a percentage of maximum LDH activity.

240 2.6. Cell treatment and Western blotting

241 THP-1 cells were serum starved for overnight before treatment with
242 50 nM CLA or 1 μM TM for 1 h. Then the cells were collected by centri-
243 fugation at 800g, the culture mediumwas discarded and the cells were
244 incubated in fresh RMPI with or without 2 μg/mL DNR for 6 h. After the
245 treatment, the THP-1 cells were collected by centrifugation (800g,
246 3 min) and washed with ice-cold phosphate-buffered saline (PBS) and
247 lysed in 100 μL RIPA lysis buffer (50 mM Tris–HCl, 10 g/L Nonident
248 P-40, 10 g/L Na-deoxycholate, 1 g/L Na-dodecyl sulfate (SDS), 0.15
249 M NaCl, 2 mM EDTA), containing 0.5% protease inhibitor mix
250 (Roche) and 0.1 μM microcystine-LR.

251MCF-7 cells were serum starved for overnight before treatmentwith
25225 nM CLA for 1 h or 100 nM phorbol 12-myristate 13-acetate (PMA,
253Santa Cruz Biotechnology) for 30 min, harvested by a cell scraper and
254lysed in 100 μL RIPA lysis buffer supplementedwith 0.5%protease inhib-
255itor mix (Roche) and 0.1 μM microcystine-LR.
256Cell lysis was accelerated by ultrasonic treatment; cell debriswas re-
257moved by centrifugation (4 °C, 16000g, 10 min). Lysates were boiled at
258100 °C for 10 min with 5× SDS sample buffer (320 mM Tris–Cl pH 6.8,
25910% SDS, 50% glycerol, 25% β-mercaptoethanol, 0.01% bromophenol
260blue). Protein concentration of the lysateswasmeasured by BCA protein
261assay (Thermo Scientific) at 540 nm in an ELISA Reader (Labsystem
262Multiscan MS). Equal amounts of cell lysates (50 μg) were loaded onto
26310% or 15% SDS–polyacrylamide gel and subjected to SDS–PAGE then
264transferred to nitrocellulose membrane. Nonspecific binding sites
265were blocked with 5% nonfat dry milk in Tris-buffered saline (TBS) con-
266taining 0.5% Tween-20 (TBST). Membranes were probed for proteins of
267interest using primary antibodies to phospho-Thr38 of CPI-17
268(1:500–1:1000) (Santa Cruz), phospho-Thr826 of retinoblastoma pro-
269tein (1:1000) (Sigma-Aldrich), phospho-Thr202/Tyr204 of Erk1/2
270(1:1000) (Cell Signaling Technology Inc.), phospho-Ser473 of Akt
271(1:1000) (Cell Signaling Technology Inc.), Flag-tag (1:3000)
272(Sigma-Aldrich), KEPI (1:1000) (Abcam), PP1c (1:1000) (Santa Cruz
273Biotechnology) and actin (1:2000) (Sigma-Aldrich). The membranes
274were washed two times with TBST and once with TBS for 10 min then
275incubated with horseradish peroxidase-conjugated rabbit or mouse
276secondary antibody (1:8000) (Sigma-Aldrich). The immunoreactive
277bands were detected by ECL reagents (Thermo Scientific) and imaged
278with FluorChem FC2 Imager (Alpha Innotech).

2792.7. Transfection of siRNA

280The panPP1 siRNA (Santa Cruz Biotechnology) and the appropriate
281DharmaFECT 2 transfection reagent (Thermo Scientific) were diluted
282in serum-freeMEMmedia. siRNAwas added to the transfection reagent
283and incubated for 10 min at room temperature. Then this mixture was
284added to HeLa cells in 100 nMfinal concentration of siRNA and incubat-
285ed in suspension for 30min. The cells were plated and the same volume
286of MEMmedia containing 20% FBS was added. Cells were incubated for
28748 h before analysis.

2882.8. Transfection of Flag-KEPI

289MCF-7 cells were transfectedwith Flag-KEPI plasmid (GeneCopoeia)
290using Gene Juice transfection reagent (Merck Millipore) in a 6-well
291plate. The Flag-KEPI plasmid (2 μg/well) and the transfection reagent
292(6 μL/well) were diluted in 100 μL serum and antibiotic-free MEM
293medium in separate tubes and incubated for 5 min. Then the diluted
294plasmid was added to the diluted transfection reagent and the mixture
295was incubated for 10min. Then thesemixtureswere added to theMCF-7
296cells in serum-free media and incubated in suspension for 30 min. The
297cells were plated and the same volume of MEM media containing 20%
298FBS was added. Cells were incubated for 48 h.

2992.9. Immunofluorescence microscopy

300After 30min incubation in suspensionwith the transfectionmixture,
301cells were plated on coverslips 48 h before the immunofluorescent
302staining. Paraformaldehyde (3.7%) was used for fixation followed by
303three washes with PBS. Cells were permeabilized with 0.02% (v/v) Tri-
304ton X-100 dissolved in PBS for 10min at room temperature andwashed
305three times with PBS. After incubation with 1% (w/v) bovine serum al-
306bumin (BSA) containing blocking solution for 1 h, cells were incubated
307with anti-Flag antibody diluted at 1:200 in 1% (w/v) BSA/PBS at room
308temperature for 2 h. After extensive washing with PBS (three times),
309cells were incubatedwith Alexa 488-conjugated chicken anti-rabbit an-
310tibody at a dilution of 1:200 and Texas Red Phalloidin (Molecular
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311 Probes) at a dilution of 1:1000 in 0.1% (w/v) BSA/PBS at room tempera-
312 ture for 1 h. Coverslips were washed three times with PBS and covered
313 with mounting medium using SlowFade Antifade Kit (Life Technolo-
314 gies). Samples were imagedwith Leica TCS SP8 Confocal Laser Scanning
315 Microscope. Images were prepared using image-editing software
316 (Photoshop; Adobe Systems).

317 2.10. Densitometry

318 For densitometry analysis of the Western blot images, ImageJ 1.46r
319 software was used.

320 2.11. Statistical analysis

321 Experimental results were reported as a mean of at least three inde-
322 pendent experiments. Statistical analysis was performed by t test, and a
323 P value b 0.05was considered statistically significant. Statistical analysis
324 was carried out using GraphPad Prism software.

325 3. Results

326 3.1. The effect of CLA and TM on the survival of THP-1 and KG-1 leukemic
327 cells upon DNR treatment

328 The functions of PP1 and PP2A in cellular regulation have been stud-
329 ied by the application of membrane permeable inhibitory toxins which
330 exhibit selectivity toward these two types of phosphatase following cell
331 permeation [30,32]. It was shown that 50 nM CLA specifically inhibited
332 PP2A in Balb/c 3 T3 cells [32], while TM at 1 μM was believed to be se-
333 lective for PP1 in several cell lines [30]. In the light of these results, we
334 applied 50 nM CLA and 1 μM TM to THP-1 and KG-1 leukemia cells
335 and studied their effects on the viability of these cells in the absence
336 and presence of DNR, a potent chemotherapeutic drug used in treat-
337 ments of leukemia. Both CLA and TM decreased viability to different ex-
338 tent for THP-1 (67–70%) and KG-1 cells (85–90%) as shown in Fig. 1A
339 and B. DNR decreased cell viability in a concentration dependent man-
340 ner, and at the highest DNR concentration survival was suppressed by
341 close to 100% and 65% for THP-1 and KG-1 cells, respectively. When
342 the cells were preincubated with CLA or TM before DNR treatment the
343 cell death inducing efficacy of DNRwas profoundly attenuated, suggest-
344 ing that inhibition of either PP1 or PP2A results in decrease of the
345 chemosensitivity of these leukemic cells toward DNR. Similar protective
346 effects of CLA or TM against cell death inducing effect of other chemo-
347 therapeutic drugs (cytosine arabinoside, methotrexate, actinomycin-D)
348 to THP-1 or KG-1 cells were also detected (data are not shown).
349 PP1 and PP2A are known to exert their regulatory influence via de-
350 phosphorylation of distinct substrates in the signaling pathways. The

351similar effects of CLA and TM on the cell survival of THP-1 and KG-1
352cells in the presence of DNR might raise questions if these inhibitors
353exert their previously suggested type specificity in phosphatase inhibi-
354tion [30,32] in THP-1 cells under our experimental conditions. Thus,
355after treatments of THP-1 cells with CLA or TM, the lysateswere assayed
356for phosphatase activity in the absence or presence of 2 μM I-2 with
357

32P-MLC20 substrate, which is dephosphorylated by both PP1 and
358PP2A (Fig. 2). I-2 specifically inhibits PP1; therefore, the I-2-sensitive
359phosphatase activity corresponds to PP1, while the I-2 insensitive
360fraction is due to PP2A. In untreated THP-1 cell lysate, I-2 reduced
361the phosphatase activity to 52 ± 0.95%, suggesting approximately
362equal activity ratio of PP1 and PP2A in these cells. CLA or TM treatment
363of THP-1 cells resulted in suppression of phosphatase activity of the
364lysates to 79 ± 5.9% and 61.7 ± 2.6%, respectively, when the assays
365were carried out in the absence of I-2. In the presence of I-2, CLA
366treatment decreased the I-2 insensitive phosphatase activity by similar
367extent (18.3%) to that observed in the absence of I-2 (21%), implying a
368PP2A-specific inhibitory influence of CLA in THP-1 cells. In contrast,
369TM treatmentwas essentiallywithout effect on the I-2 insensitive phos-
370phatase activity (only ~3% inhibition), suggesting that it specifically
371suppressed PP1 activity. The above results confirmed the previously
372claimed PP1 and PP2A type specificity of phosphatase inhibition
373[30,32] in THP-1 cells by TM and CLA as well. Similar specificities in
374the inhibition of PP1 and PP2A by TM and CLA were assessed in
375KG-1 and MCF-7 cells (data are not shown). It is to note also that
376the inhibitors (TM or CLA) in the applied concentrations resulted in
377specific, but only partial inhibition of PP1 and PP2A in these cells.
378Nevertheless, the extent of phosphatase inhibition they exerted could
379be expected to shift the kinase/phosphatase activity ratio significantly
380toward the preference of phosphorylation of several substrates.

3813.2. Effect of DNR, CLA, TM and their combinations on caspase-3 activity
382and the type of cell death in THP-1 cells

383The activation of caspase-3 is an indicator of apoptosis, and itwas re-
384ported previously that DNR treatment increased caspase-3 activity and
385PP2A inhibition influenced caspase-3 activation [13]. Therefore, we ex-
386amined if the PP2A and PP1 inhibitors themselves, or in the presence of
387DNR, affect caspase-3 activity differently in THP-1 cells. Fig. 3A
388illustrates that CLA and TM elevated caspase-3 activity significantly;
389however, the extent of activation was substantially higher in case of
390CLA (4.5-fold) compared to TM (1.5-fold). DNR enhanced caspase-3 ac-
391tivity profoundly (~8-fold), which was attenuated in the presence of
392CLA (~4-fold), but was not changed upon combination of TMwith DNR.
393It is generally assumed that the changes in caspase-3 activation cor-
394relates with the extent of apoptotic cell death. However, our data in
395Fig. 1 and Fig. 3A are controversial with regards of this assumption,
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Fig. 1. Effect of CLA and TMon the survival of THP-1 and KG-1 cells in the absence or presence of DNR. Survival of THP-1 (A) andKG-1 (B) cells and the number of living and dead cells was
determined using an automated laser confocal fluorescentmicroscope. THP-1 (A) and KG-1 (B) cells were pretreated with solvent, CLA (50 nM) or TM (1 μM) for 1 h, then incubated for
2 days with DNR at 4 different concentration (0.15 μM, 0.61 μM, 1.84 μM, 7.38 μM). Cell viability was determined using fluorescent VitalDye as described in the Materials and Methods
section. Data represent the average of triplicates. Survival of the cells in the absence of effectors was taken as 100%.
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396 especially in case of treatments involving TM, which did not influence
397 the activation of caspase-3 by DNR, even though reduced profoundly
398 DNR-induced cell death. These data raise questions concerning the
399 ratio of the types of cell death (apoptosis and/or necrosis) upon the
400 different treatments of THP-1 cells. Thus, cells treated with DNR or
401 phosphatase inhibitors (CLA or TM)plus DNRwere analyzed byHoechst
402 33342 and propidium iodide (PI) staining as well as by assessing cell
403 and nuclear morphology to determine the ratios of normal, apoptotic
404 and necrotic cells (Fig. 3B). In control cells, approximately ~15% of
405 apoptotic and necrotic cells were identified. DNR treatment increased
406 the ratio of apoptotic cells to ~55%, while in the presence of CLA or TM
407 apoptotic cells amounted to 30% or 32%, respectively. DNR and CLA in-
408 creased the percentage of necrotic cells marginally, whereas TM was
409 without effect. When preincubation of cells with CLA or TM was
410 combined with DNR treatments the percentage of apoptotic cells was
411 ~32-35% in accord with the previously observed attenuating effects of
412 the phosphatase inhibitors onDNR-induced cell death. Lactate dehydro-
413 genase (LDH) activity of differentially treated THP-1 cells was also
414 assayed as a characteristic measure of the presence of necrotic cells
415 (Fig. 3C). In accordance with the data of Fig. 3B control cells exhibited
416 low level of LDH activity, which was moderately increased in the pres-
417 ence of DNR, CLA and CLA plus DNR, but was not affected by TM and
418 TM plus DNR treatments. The above data suggest that upon the treat-
419 ment of THP-1 cells with the chemotherapeutic agent DNR, the PP1 or
420 PP2A inhibitor TM or CLA, or the combination of these drugs, the cells
421 predominantly undergo apoptosis.

422 3.3. Effect of CLA and TM on the phosphorylation levels of Erk1/2, Akt,
423 retinoblastoma protein and PP1 regulatory and inhibitory proteins in the
424 absence and the presence of DNR

425 In order to study further the molecular background of the actions of
426 protein phosphatase inhibitors, the phosphorylation states of several
427 proteins important in cell survival were studied in the presence of CLA
428 and TM. Fig. 4A depicts that Erk1/2 was not phosphorylated either in
429 untreated or DNR-treated cells, whereas CLA induced the phosphoryla-
430 tion of Erk1/2 both in the absence and in the presence of DNR. Akt ki-
431 nase showed about the same level of basal phosphorylation in the
432 absence or presence of DNR, which was increased significantly upon
433 CLA treatment. There was a basal phosphorylation at Thr826 residue
434 of the pRb protein observed in control THP-1 cells, which was signifi-
435 cantly reduced uponDNR treatment. In contrast, CLA treatment resulted

436in a profound rise in the phosphorylation of Thr826 of pRb compared to
437control both in the absence and presence of DNR. These results suggest
438that the inhibition of PP2A in THP-1 cells increases the phosphorylation
439level and activation of Erk1/2 and Akt kinases as well as the phosphor-
440ylation of pRb, which are important survival factors andmay contribute
441to the decreased cell death observed by the combined treatment with
442CLA and DNR compared to DNR alone. When TMwas applied in similar
443experiments (Fig. 4B), different phosphorylation pattern of the studied
444proteins was observed. TM did not induce the phosphorylation of
445Erk1/2 or it did not influence the basal phosphorylation of Akt kinase.
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Fig. 2. Type specificity of phosphatase inhibition in CLA and TM treated THP-1 cells. THP-1
cells were incubated with 50 nM CLA or 1 μMTM for 1 h, then cells were washed and cell
lysates were prepared for phosphatase assays as described in the Materials and Methods
section. Phosphatase activity of the lysates was assayed in the absence or in the presence
of 2 μM I-2 with 1 μM 32P-MLC20 substrate. Phosphatase activity in the absence of the
effectors was taken as 100%. **p b 0.01, ***p b 0.001, ###p b 0.001, n.s. not significant,
Student t test.

DNR - + - + - +
CLA - - + + - -
TM - - - - + +

A

DNR - + - + - +
CLA - - + + - -
TM - - - - + +

C

DNR - + - + - +
CLA - - + + - -
TM - - - - + +

B

Fig. 3. Effect of DNR, CLA, TMand their combinations on caspase-3 activity and the propor-
tion of apoptotic and necrotic cell death in THP-1 cells. THP-1 cells were untreated, treated
with 50 nM CLA or 1 μM TM for 1 h and then with or without DNR, for 6 h. The caspase
activity (A) in THP-1 cell lysates was determined using the caspase-3 activity assay as
described in the Materials and Methods section. Caspase activity in the absence of the
effectors was taken as 100%. **p b 0.01, ***p b 0.001, ###p b 0.001, n.s. not significant,
Student t test. The ratio of normal, apoptotic and necrotic cells (B) and LDH release
(C)was determined after 12 h treatment of THP-1 cells with DNR, CLA, TM and their com-
binations as described in theMaterials andMethods section. *p b 0.05, n.s. not significant,
Student t test.
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446 However, it increased the phosphorylation level of Thr826 in pRb simi-
447 larly to that of CLA. These data are consistent with the conclusion that
448 inhibition of PP1 by TM results in increased phosphorylation of pRb
449 only. Since CLA and TMboth attenuate the death of THP-1 cells similarly
450 upon DNR treatment, the increased phosphorylation of pRb caused by
451 these inhibitors may be a common pathway in their action. Previous
452 findings also indicate that the mediation of pRb phosphorylation level
453 is an important factor not only in the regulation of cell cycle, but also
454 in the initiation of drug-induced apoptosis [10,33] aswell as developing
455 chemoresistance of leukemic cells [34] against chemotherapeutic drugs.
456 Thus, these data together with our present results may implicate the
457 phosphorylation/dephosphorylation events of pRb as important
458 determinants in the chemoresistance of leukemic cells developed in
459 the presence of phosphatase inhibitors. Therefore, in our further
460 experiments, we investigated the molecular background of the pRb
461 dephosphorylation processes with special emphasis on the type of
462 phosphatase and regulatory proteins involved.
463 In order to find physiologically relevant inhibition of protein phos-
464 phatases, the possible activation of regulatory/inhibitory proteins by
465 phosphorylation was investigated in THP-1 cells. We have identified
466 the MP as a possible enzyme that acted on phosphorylated pRb in
467 THP-1 cells [13] and showed that phosphorylation of the PP1 inhibitory
468 sites (Thr696 and Thr853) in MYPT1 was parallel with increased phos-
469 phorylation of pRb. We confirmed this observation with respect to the
470 effect of CLA on the phosphorylation on MYPT1 (Fig. 4C) and tested
471 TM for a possible similar effect. It is apparent, however, that TM did

472not induce the phosphorylation of either inhibitory phosphorylation
473site in MYPT1. The role of MP in pRb dephosphorylation raises the
474question if MP inhibitory proteins such as C-kinase activated phospha-
475tase inhibitory protein of 17 kDa (CPI-17) [35] or kinase-enhanced
476phosphatase inhibitor (KEPI) [36] is present and becomephosphorylated
477in THP-1 cells. Therefore, we subjected control and CLA or TM challenged
478cells to Western blots to identify phosphorylated CPI-17/KEPI-like
479proteins using an antibody specific for the phosphorylated Thr38 of
480CPI-17, the site required to be phosphorylated for phosphatase
481inhibitory potency. A protein band at 25 kDa (p25) was identified
482which was cross-reactive with both an anti-KEPI and anti-CPI-
48317pThr38 antibodies (Fig. 4D). There was a basal level of phosphoryla-
484tion of p25 in control cells, which was significantly increased upon
485CLA treatment, but remained essentially unchanged when the cells
486were exposed to TM. These data suggest that PP1 regulatory and
487inhibitory proteins are expressed in THP-1 cells, and they are phos-
488phorylated in a PP2A dependent manner which is accompanied
489with their increased PP1 inhibitory potencies.

4903.4. Silencing PP1c increases pRb phosphorylation in HeLa cells

491The above results implicate PP1 andphosphorylatable PP1 inhibitory
492proteins in the dephosphorylation of pRb. To gain further support of this
493finding we attempted to silence PP1c and determine its influence on
494pRb phosphorylation. We have not succeeded to transfect THP-1 cells
495in order to silence PP1c with small interfering RNA (siRNA) or with

MYPTpT853

MYPTpT696

MYPT1-296

-CLA +                  -
-TM - +                  

C

A

Erk½pT202/pY204
-CLA - +                  +                  

DNR - +                  - +                  

AktpS473

pRbpT826

actin

B

Erk½pT202/pY204 

-TM - +                  +                  
DNR - +                  - +                  

AktpS473 

pRbpT826 

actin

-CLA +                  -
-TM - +                  

KEPIpT73

KEPI

actin

D

Fig. 4.Different effects of CLA and TMon protein phosphorylation in THP-1 cells. A and B: Phosphorylation of Erk, Akt and pRb in THP-1 cells. THP-1 cells were pretreatedwith 50 nMCLA
(A) or 1 μMTM (B) and incubated in the absence or the presence of 2 μg/mL DNR for 6 h. Then the cells were lysed and subjected toWestern blot analysis using Erk½pT202/pY204, AktpS473,
pRbpT826 antibodies. Histograms demonstrate densitometry analysis of pRbpT826 levels normalized to the corresponding densities of actin protein and the values represent the mean of
three independent experiments. *p b 0.05, **p b 0.01, ***p b 0.001 Student t test. C: Phosphorylation of MYPT1 in THP-1 cells. THP-1 cells were untreated, treated with CLA or TM for
1 h. The membrane was probed with phosphorylation site-specific antibodies of MYPT (pT696 and pT853). Cross reactions with anti-MYPT1–296 are shown as a loading control. D: Phos-
phorylation of a KEPI-like protein in THP-1 cells. Cells were untreated, treatedwith CLA or TM for 1 h. The membrane was probed with anti-CPI-17pThr38 antibody, which recognizes
KEPIpT73 too, as well as anti-KEPI and anti-actin antibodies.
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496 constructs to overexpress KEPI inhibitory protein, to obtain transfected
497 cells in necessary ratios to reliably study their effects. Thus, we applied
498 panPP1c siRNA to HeLa cells to model the effect of PP1 silencing on
499 pRb phosphorylation. We successfully silenced PP1c in these cells to
500 ~25% of control and it was apparent that the decreased expression of
501 PP1c resulted in a rise in pRb phosphorylation at Thr826 (Fig. 5)
502 confirming the essential role of PP1 in pRb dephosphorylation.

503 3.5. Expression and phosphorylation of Flag-KEPI in MCF-7 cells increases
504 pRb phosphorylation

505 To elucidate the role of phosphatase inhibitory proteins in the
506 mediation of pRb phosphorylation MCF-7 cells were transfected with
507 Flag-KEPI construct to overexpress this protein. MCF-7 cells serve as
508 good models for these experiments since it has been established previ-
509 ously that they do not express KEPI [37]. Fluorescence microscopy of
510 MCF-7 cellswith anti-Flag antibody indicated an average of 50% transfec-
511 tion ratio (data are not shown). As KEPI is a protein kinase C (PKC) po-
512 tentiated protein we also probed the effect of the PKC activator phorbol
513 myristate acetate (PMA) on the localization and phosphorylation of the

514expressed Flag-KEPI (Fig. 6). Confocal images of the cells indicated that
515Flag-KEPI mainly resided in the cytoplasm in untreated cells, but PMA
516challenge induced shuttling of Flag-KEPI to the nucleus (Fig. 6A). In addi-
517tion, PMA induced phosphorylation of Flag-KEPI at the inhibitory
518phosphosite (Thr73) as judged by the antibody specific for both phos-
519phorylated CPI-17pThr38 and KEPIpThr73 as reported earlier [38]. More-
520over, the increased Flag-KEPI phosphorylation was also accompanied
521with a rise in the phosphorylation of Thr826 in pRb in MCF-7 cells
522(Fig. 6B).
523Next, we examined the effect of CLA on the phosphorylation level of
524Flag-KEPI expressed in MCF-7 cells. CLA increased the inhibitory phos-
525phorylation of Flag-KEPI to a significant extent (Fig. 7A). It was also of
526interest how the phosphorylation of pRbpThr826 was influenced in non-
527transfected or Flag-KEPI transfected MCF-7 cells upon CLA treatment.
528Fig. 7B shows that in non-transfected MCF-7 cells there was a slight in-
529crease in pRbpThr826 upon CLA treatment. In contrast, in Flag-KEPI
530transfected MCF-7 cells the level of pRbpThr826 was relatively higher
531than in non-transfected cells, presumably due to a slight, basal phos-
532phorylation level of Flag-KEPI (see Fig. 7A) even in the absence of CLA.
533CLA treatment resulted in a profound increase in the level of pRbpThr826

534suggesting that the KEPI and its phosphorylation may be an important
535determinant in the regulation of the phosphorylation level of pRb.

5364. Discussion

537Our present data indicate that PP1 and PP2A play important roles in
538the regulation of drug-induced death of leukemic cells and they are also
539involved in controlling chemosensitivity against distinct drugs. It has
540been established that drug-induced apoptosis of malignant cells is ac-
541companied with the activation of PP2A and PP1 [9,10]. In accordance
542with these observations our data show that DNR-induced cell death in-
543creases phosphatase activity in THP-1 leukemic cells as pRb phosphory-
544lation was significantly reduced upon DNR treatment (see Figs. 4A and
545B). It is, therefore, not surprising that inhibition of PP1 by TM, or PP2A
546by CLA results in increased survival of THP-1 or KG-1myeloid leukemia
547cells upon DNR treatment compared to that of DNR alone (Fig. 1).
548Assuming, however, that PP1 and PP2Amay be involved in different sig-
549naling pathways with distinct substrate specificities it is intriguing that
550inhibition of either PP1 or PP2A leads to the same extent of increased
551survival of cells in the presence of DNR. For instances, our present re-
552sults imply that PP2A- and PP1-specific inhibition have distinct effect
553on caspase-3 activation by DNR; therefore, they might act via different
554pathways in attenuating the extent of cell death upon DNR treatment.
555However, these data are also in conflict with the general view that the
556level of caspase-3 activation reflects the extent of apoptotic cell death
557during drug treatments. We have found here that during treatment of
558THP-1 cells by TM in combinationwith DNR the results obtained deviate
559considerably from this assumed correlation between caspase-3 activa-
560tion and apoptotic cell death: TM did not influence caspase-3 activation
561by DNR; nevertheless it significantly decreased apoptotic cell death in
562the presence of DNR. The reasons for this discrepancy are not known,
563however, it is hypothesized that phosphatase inhibitorsmight influence
564the apoptotic pathways in a way to render them independent of
565caspase-3 activation. In support of this hypothesis it was previously re-
566ported [39] that okadaic acid (OA), another PP2A and PP1 inhibitor, in-
567duced apoptotic cell death of neutrophils and parallel increased
568caspase-3 activation, but even though apoptosis took place in a
569caspase-3 independent manner. Other possible alternatives are that
570phosphatase inhibitors can induce phosphorylation of caspase sub-
571strates which renders these proteins resistant to cleavage by this prote-
572ase. Consistent with this assumption protection of pRb by its increased
573phosphorylation against caspase-3 cleavage has been previously report-
574ed [10,13].
575Protein phosphorylation may influence the actual activity of a num-
576ber of pro- and anti-apoptotic factors implicated in cell survival which
577could be the targets in the actions of PP2A and PP1.We studied changes

siPP1 - +

pRbpT826

PP1c

tubulin

A

B

C

Fig. 5. Phosphorylation of pRb in response to PP1 gene silencing. PP1c was depleted in
HeLa cells using siRNA-mediated gene silencing. Change of PP1c expression and the phos-
phorylation level of pRb were detected by Western blot analysis in control (incubated
with transfection reagent, (−siRNA)) and siRNA transfected (+siRNA) cells (A). Data
were quantified by densitometry and expressed as the PP1c/tubulin ratio (B) or as the
pRbpT826/tubulin ratio (C). *p b 0.05, **p b 0.01, Student t test.
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578 in the phosphorylation states of several such proteins and established
579 that PP2A inhibition by CLA increased the phosphorylation level of
580 p42/44Erk1/2 and Akt kinases which are known to be activated by
581 phosphorylation, and PP2A has been implicated in their dephosphoryla-
582 tion processes [40]. In addition, PP2A inhibition increased the phos-
583 phorylation level of pRb and decreased DNR-induced caspase-3
584 activation. The anti-apoptotic effects of Erk1/2 and Akt activation
585 [4–6] as well as the increased pRb phosphorylation and decreased

586caspase-3 activation [10] are well established, therefore, it is conceiv-
587able to assume that these PP2A regulated events could contribute to
588the increased cell survival. Nevertheless, the contribution of these
589processes to cell survival in our studied system is at question since
590PP1 inhibition by TM resulted in increased pRb phosphorylation only,
591even though the extent of increased survival was the same as in case
592of PP2A inhibition by CLA. The above data point to the pRb phosphory-
593lation as a possible common thread in the regulatory actions of both PP1
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Fig. 6. The effect of PKC activation by PMA on the localization and phosphorylation of KEPI in Flag-KEPI transfected MCF-7 cells. (A) Localization of Flag-KEPI in MCF-7 cells. MCF-7 over-
expressing Flag-KEPI were treated with 100 nM PMA for 30 min. The cells were fixed, stained with TexasRed–phalloidin (red) for actin and anti-Flag antibody for Flag-KEPI followed by
indirect labelingwith goat anti-rabbit IgG antibody conjugatedwith Alexa Fluor 488 (green), and then examined by confocalmicroscopy. (B) Phosphorylation of KEPI and pRb in Flag-KEPI
transfected cells.MCF-7 cellswere transfectedwith Flag-KEPI plasmid and thenuntreatedor treatedwith PMA in a 100 nMfinal concentration for 30min. Cellswere lysed and the samples
were subjected toWestern blot analysis using antibodies against KEPIpT73, KEPI, pRbpT826 and actin. Datawerequantifiedbydensitometry andexpressed as theKEPIpT73/KEPI ratio or as the
pRbpT826/actin ratio. *p b 0.05, ***p b 0.001, Student t test.
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594 and PP2A. Consistent with the importance of pRb in leukemic cell re-
595 sponses to drugs it was previously reported [41] that low pRb expres-
596 sion or hyperphosphorylated pRb in patients of acute myeloid
597 leukemia was accompanied with increased leukemic cell proliferation
598 and drug resistance with poor prognosis of survival. Furthermore, the
599 amount and phosphorylation state of pRb appeared to be an important
600 factor in the commitment of several leukemic cell lines to drug-induced
601 apoptosis [42]. Chemotherapeutic drugs induce hypophosphorylation
602 of pRb followed by its proteolytic cleavage due to phosphatase
603 activation accompanying with the arrest of leukemic cells in G1 phase
604 and initiation of apoptosis [10,33,34]. However, all of these events are
605 effectively counteracted by inhibition of PP1 and PP2A by cell-
606 permeable toxins indicating the importance of the elevated phosphory-
607 lation state of pRb in the survival and chemoresistance of leukemic cells.
608 Implication of pRb (togetherwith E2F1) in the transcriptional activation
609 of proapoptotic genes has also been described [19] and phosphorylation
610 of certain pRb sites appeared to be permissive for this pRb function.
611 However, the influence of key phosphorylated residues (e. g. Thr821,
612 Thr826) with these regards still remains to be elucidated.
613 Accumulating lines of evidence suggest that PP1 is the major pRb
614 phosphatase in cells [10,22–24], however, the mechanisms via PP1 de-
615 phosphorylates pRb are still not clearly established and alternative

616routes might exist [13,21,43]. PP1c binds tightly to the C-terminal re-
617gion of pRb to a PP1c-binding motif-like sequence and forms an active
618complex functional with respect to dephosphorylation of phosphorylat-
619ed residues in pRb [21]. However, a competition between PP1c regulato-
620ry subunits and pRb for PP1c-binding is assumed [13] and the
621interaction of PP1c with distinct regulatory proteins may have variable
622effects on pRb dephosphorylation. Association of PP1c with PNUTS de-
623creases PP1c activity on pRb [43]. In contrast, interaction of PP1c with
624MYPT1 increases the dephosphorylation rate of pRb suggesting that
625MP holoenzyme may also function as a pRb phosphatase [13]. Our
626data indicate that inhibitory phosphorylation of MYPT1 and a 25 kDa
627KEPI-like (CPI-17 family) PP1 inhibitory protein induced by CLA treat-
628ment parallels with the increased phosphorylation of pRb at Thr826
629(see Figs. 4C and D). This influence of CLA may due to the inhibition of
630PP2A in accordance with previous data designating PP2A as one of the
631possible MYPT1 [44–46] and CPI-17 phosphatase type [44]. TM is with-
632out effect on the inhibitory phosphorylation of MYPT1 or the KEPI-like
633protein and this may indicate that (i) the auto-dephosphorylation of
634MYPT1pThr696 and/or MYPT1pThr853 in the PP1c-MYPT1 complex by
635PP1c, which has been suggested recently [47], is not inhibited by TM
636in THP-1 cells; (ii) the KEPI-like protein is not dephosphorylated by
637PP1. Our data support the conclusions that PP1 plays an essential role
638in pRb dephosphorylation and in this process phosphorylation of PP1
639inhibitory proteins is an important regulatory factor. Secondly, PP2A
640may affect pRb dephosphorylation via an indirect way by controlling
641the PP1c activity inMP by dephosphorylation of MYPT1 and PP1c inhib-
642itory proteins. The novel aspects of our study are that a KEPI-like inhib-
643itory protein is present in THP-1 cells and it may be implicated in the
644regulation of pRb dephosphorylation. KEPIwas shown to inhibit potent-
645ly both PP1c andMP [38], the phosphatase forms considered to dephos-
646phorylate pRb [13,21], therefore its physiological phosphorylation and
647increase of its inhibitory potency could have a major impact on the
648phosphorylation of pRb. It is to note that the basal phosphorylation of
649pRb appears to be relatively high in THP-1 cells and this might be due
650to a significant basal phosphorylation of KEPI-like protein (see
651Fig. 4D), but notMYPT1 (see Fig. 4C), consistentwith a partial inhibition
652of pRb dephosphorylation in leukemic cells coupled with higher prolif-
653eration rate.
654The changes in pRb phosphorylation was followed by the determi-
655nation of the phosphorylation level of Thr826which is considered to re-
656flect major alteration in the interaction of pRb with physiological
657binding partners [20]. It should be noted, however, that phospho-
658Thr826 was also shown to be dephosphorylated by a specific trimeric
659form of PP2A activated by redox imbalance in cells and this holoenzyme
660includes a Ca2+-sensitive 70 kDa regulatory B subunit [26]. Inhibition of
661this PP2A form by CLA might also contribute to the increased pRb
662phosphorylation. It is not known, however, if this PP2A holoenzyme is
663present in THP-1 cells and the conditions are appropriate for its activa-
664tion, since the latter requires oxidative stress stimuli. Nevertheless, the
665role of PP1 in the dephosphorylation of pRbpThr826 may not be
666questioned since our present results substantiate that silencing of
667PP1c in HeLa cells (see Fig. 5) increases significantly the pRbpThr826

668level implying an essential contribution of PP1 to this regulatory event.
669Wehave provided further proofs in this study for the involvement of
670KEPI in the regulation of the phosphorylation level of pRb by investigat-
671ing the effect of transfection of a Flag-KEPI construct to MCF-7 cells. We
672chose MCF-7 cells as a model system for these experiments as it was
673previously reported [37] that this cell line does not express KEPI. Thus,
674expression of KEPI in MCF-7 cells seemed to be reasonable as its effect
675could be studied without the influence of any endogenous protein.
676Our data imply that expression of Flag-KEPI in MCF-7 cells followed by
677challenging the cells with PMA for the activation of PKC, results in phos-
678phorylation of Flag-KEPI at the PP1c inhibitory site and this event is
679coupled with increase in the level of pRbpThr826 (see Fig. 6B). Further-
680more, PMA treatment induced translocation of Flag-KEPI from the cyto-
681plasm to the nucleus, implicating PKC-dependent phosphorylation not
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Fig. 7.Effect of CLA on thephosphorylation of KEPI andpRb in Flag-KEPI transfectedMCF-7
cells. (A) MCF-7 cells were transfected with Flag-KEPI plasmid and treated with CLA
(25 nM) for 1 h and KEPIpT73 protein was visualized by Western blot analysis. In the
lower part, data were quantified by densitometry and expressed as the KEPIpT73/KEPI
ratio. **p b 0.01, Student t test. (B) Non-transfected and Flag-KEPI transfected cells were
untreated or treated with CLA for 1 h and the relative change of pRb phosphorylation
was detected by Western blot. The histogram demonstrates densitometry analysis of
pRbpT826 levels normalized to the corresponding densities of actin protein.*p b 0.05,
***p b 0.001, Student t test.
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682 only in the activation of the inhibitor but also in the regulation of KEPI
683 localization, too (Fig. 6A). This latter result is also supportive for the
684 role of KEPI in the regulation of PP1 in the dephosphorylation of nuclear
685 substrates, and pRb was also shown to reside predominantly in the nu-
686 cleus of malignant cells [13]. Moreover, the role of inhibition of PP2A by
687 CLA in increasing the level of phosphorylation at the phosphatase inhib-
688 itory site in Flag-KEPI is confirmed inMCF-7 cells (Fig. 7A). It is apparent
689 that the expression of KEPI and inducing its phosphorylation by CLA re-
690 sult in a marked increase in the phosphorylation level of pRbpThr826 in
691 KEPI transfected MCF-7 cells compared to that of non-transfected cells
692 (Fig. 7B). Our data are consistent with previous findings [48], indicating
693 that overexpression of a phosphorylation-dependent human inhibitor-
694 5 of protein phosphatase-1 in SW480 cells promotes growth and
695 accelerates G1/S transition, which is accompanied with increased pRb
696 phosphorylation. Moreover, CPI-17, originally identified as a PKC-
697 dependent PP1c and MP inhibitor, is considered as a tumor promoter
698 since it is overexpressed in some cancer cells and inhibits dephosphor-
699 ylation of merlin by MP [49]. The above data collectively suggest that
700 expression and phosphorylation of PP1 inhibitory proteins may be
701 important determinant in the regulation of the phosphorylation level
702 of proteins in malignant cells.
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