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Caspases Mediate Retinoic Acid—Induced Degradation of the Acute Promyelocytic
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Leukemia PML/RAR « Fusion Protein
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All-trans-retinoic acid (RA) treatment induces morphological
remission in acute promyelocytic leukemia (APL) patients
carrying the t(15;17) and expressing the PML/RARa product
by inducing terminal differentiation of the leukemic clone.
RA treatment induces downregulation of PML/RARa and
reorganization of the PML-nuclear bodies. These events
have been proposed to be essential for the induction of APL
cell differentiation by RA. Here, we show that in the APL-
derived NB4 cell line as well as in myeloid precursor U937
cells expressing the PML/RARa (U937/PR9) and in blasts
from APL patients, the PML/RARa fusion protein is cleaved
by a caspase 3-like activity induced by RA treatment. In fact,
a caspase 3-like activity is detectable in PML/RAR« express-
ing cells after RA treatment, and selective caspase inhibitor

peptides are able to prevent the RA-induced degradation of
the fusion protein in vivo and in vitro. Using recombinant
caspases and PML/RARa deletion mutants we mapped a
caspase 3 cleavage site (Asp 522) within the a-helix region of
the PML component of the fusion protein. The extent of
PML/RAR« cleavage directly correlates with the ability of RA
to restore the normal PML nuclear bodies (NBs) pattern.
However, RA-induced differentiation is not prevented by the
persistence of the fusion product and occurs in the absence
of normally structured PML NBs. These results indicate that
PML/RARe is directly involved in conferring RA sensitivity of
APL cells and that the RA-induced reassembly of PML NBs is
the consequence of the disappearance of PML/RARa.

© 1998 by The American Society of Hematology.

HE ACUTE PROMYELOCYTIC leukemia (APL) pheno- precursor cell lines induces differentiation block and promotes
type depends on the expression of the PML/R&Rsion  survivall! Both phenotypes depend on the integrity and fusion
product, which results from the recombination between theof PML and RARx sequence¥ It has been proposed that
promyelocytic leukemia (PML) gene on chromosome 15 andPML/RARa exerts a dominant negative action on wild-type
the retinoic acid (RA) recepter gene (RARy) on chromosome PML and RXR, an RAR cofactor, because expression of
17 (t15;17)%2 PML, a member of the RING finger family, is PML/RARa provokes PML and RXR delocalizatirt.Indeed,
ubiquitously expressed in tissues within large multiproteinin APL cells and in bone marrow cells from leukemic PML/
nuclear structures, termed nuclear bodies (NBs), and acts asRARa transgenic mice, the PML NBs are disrupted into a
growth suppressor in vitrd® RARa is one of the nuclear microspeckled patterh®13-15 Based on these findings it has
retinoid receptors that mediates RA action on myeloid differen-been suggested that the integrity of PML NBs is important for
tiation1© PML/RARa retains large portions of the parental normal myeloid differentiation and that PML/RARNay cause
proteins, including the RING, B1-B2, and coiled-coil regions of leukemia by interfering with either the RAR- or PML-
PML and the DNA and ligand binding domains of RAR? dependent differentiation pathwa/s16
The mechanism of the PML/RARIeukemogenic activity is APL is a unique model for differentiation therapy, as
poorly understood. PML/RAR expression into hematopoietic  indicated by the fact that RA induces terminal differentiation of
PML/RARa-expressing cells both in vivo and in vittg:16.17
Treatment with RA induces downregulation of the fusion
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Here, we show that caspases mediate the RA-inducedulfate (SDS)-PAGE. The gels were fixed (acetic acid 60%,
degradation of PML/RAR. Using different caspase inhibitor methanol 40%, and glycerol 5%), treated with the Amplify
peptides, we were able to prevent RA-induced PML/RAR solution (Amersham), and dried. The cleavage products were
degradation and test directly the contribution of PML/RAR visualized after an overnight exposure-s80°C or by immuno-
degradation and PML NBs reorganization to RA response otlotting as described above.

APL cells.
RESULTS

Inhibition of caspases prevents RA-induced PML/RAR
degradationinvivo. To investigate the involvement of caspases

Chemicals, antibodies, and plasmidsAll- transretinoic acid was in the RA-induced degradation of PML/RARNBA4 cells, fresh
(k’bttai”e‘(j Ugg‘) S’;i\g”;a (I\éﬁ:an\?,lItaly).t_Z-AI-Aala-:zL-hAzp-f(lgc;\c;g;etyl-d APL blasts, and the U937/PR9 cell line, a subclone of the

etone (z , AC-ASp-Glu-Vval-aspartic acid aldenyae , an . . . .
Ac-Tyr-Val-Ala-Asp-chloromethylketone (YVAD) were obtained from ﬁ:gm:h:i%g‘cg;euckgm Aa Ssg;:nfhggggn;t;blgftl:lnzsfsgt(?gn\;v_lth

Bachem, Switzerland. RAR antibody was obtained from Dr P. | . ) .
Chambon (Strasbourg, Frané&nd from Santa Cruz Biotechnology inducible promoter were treated with RA, in the presence or

(Santa Cruz, CA). PG-M3 ang-PML3 are anti-PML antibodie&3° absence of the broad spectrum caspase inhibitor oligopeptide
PML/RARa and the mutanta\C P/R, AH P/R, and HA-tagged ZVAD,** and analyzed for PML/RAR expression by immuno-
PML/RARo were previously describéd:12The pSG5/H4-RAR mutant  blotting using the anti-RAR RPx(F) antibody?® As shown in
was constructed by polymerase chain reaction (PCR) amplification andFig 1A, RA-induced degradation of PML/RARwas inhibited
fusion of the PML heptad region with the RARmoiety of the by the addition of 100 pmol/L zVAD. Densitometric analysis of
PML/RAR fusion protein (F. Grignani and P.G. Pelicci, manuscriptin the \Western blots shown in Fig 1A revealed that ZVAD is able to
prepara?ion)‘. MBP-PML/RAR construct was generated by PCR/ inhibit about 40% to 50% of the RA-induced PML/RAR
subcloning in the pMa'I vector (New Engla.nd B'(.Jlabs.’ B_everly, MA) degradation in NB4 cells and in PML/RAR expressing
and expressed iBscherichia colB21 cells by induction with isopropyl- . T .
1-thio-B-D-galactopyranoside (IPTG) for 1 to 3 hours at 23°C. Poly- U937/PR9 c_e_lls, whereas in APL blasts inhibition by_ zVAD is
(ADP-ribose) polymerase (PARP) cDNAwas subcloned into a _87%. In addition, treatment of NB4 ano! APL_ blasts with zZVAD
pBluescript vector (Stratagene, La Jolla, CAY*S-PARP, -PML/  In the absence of RA often resulted into increased levels of
RARa, and -mutant proteins were prepared by in vitro transcription- PML/RARa. This effect of zVAD was not detectable in
translation using the TNT T7 coupled reticulocyte lysate systemPML/RARa expressing AML cells (U937/PR9 cells), suggest-
(Promega, Madison, WI1)3§S]-methionine was purchased from Amer- ing that caspases are involved in the steady-state regulation of
sham (Arlington Heights, IL). PML/RAR stability in APL cells.
Cell culture and differentiation. The human APL cell line NB4 was Caspase inhibitors containing the peptide-recognition ele-

Ob::iait?'led Jg;/g; NFl; RLfnottz, INS_ER(Ij\/I, P;rlis, Fraﬁ:?g]het'jsg/ PRO " ments of endogenous substrates may reveal the involvement of
an e - are aescriped supclones o e promonao,, e . .
. i . ) : specific classes of caspageést Th r ide YVAD i

cytic cell line1+12eukemic cells from informed, newly diagnosed APL P P € tetrapeptide sa

patients were isolated and cultured as previously descfit@ells were ,pOt,er,]t inhibitor of the caspase 1-like subfamily and a pqor

maintained in RPMI 1640 medium supplemented with 10% fetal cah‘Inhlbltor of C_ED‘?’__I'l_(e_ caspases. Cor.wersel_y,_ _the te”apep_t'de

serum (FCS). Cell differentiation was evaluated as describ¥d. DEVD effectively inhibits caspase 3-like activities. Increasing
Immunofluorescence staining and immunoblot analysells were

collected, cytocentrifuged, and fixed in 100% methanol at room

MATERIALS AND METHODS

temperature for 5 minutes, followed by acetone for 2 minutes24r’C. A NB4 APL blasts U937/PR9

PML staining was performed with the PGM3 or with the anti-HA " . &+ + - - + + - + - + ZVAD
monoclonal antibodies as describéd®The immunofluorescence was - + - + - + - + - - + + RA

detected using an Olympus BX-60 fluoromicroscope equipped with a i [~ | 5 i

chilled 3CCD digital color camera (C5810 Hamamatsu Photonics, H | & ﬁ P-4 E <PML/RARG.
Hamamatsu City, Japan). il

Immunoblot analysis was performed on total cell homogenates as
previously describet?8 Immunoreactivity was determined using the
ECL method (Amersham).

In vitro cleavage assays.Cells were collected by centrifuga- B~ _DEVD (uM) YVAD (uM)
tion and resuspended in 100 pL of a lysis buffer containing 50 00 200400 800

+RA + + + +RA
mmol/L NaCl, 2 mmol/L MgC}, 40 mmol/L B-glycerophos-
phate, 5 mmol/L EGTA, and 10 mmol/L HEPES pH 7.0.
Cleavage reactions were performed in a volume of 36 pL
containing 25 mmol/L HEPES, pH 7.5, 100 mmol/L NaCl, 2
mmol/L MgCl,, 5 mmol/L dithiotreitol, 0.1% Triton X, 1 ) . :
. Fig 1. Effect of the caspase inhibitors zZVAD, DEVD, and YVAD in
mmol/L phenylmethyISUIfonyl fluoride, and 2 ”g/mL of each preventing RA-induced PML/RAR« degradation. (A) Cells were treated
aprotinin, leupeptin, and pepstatin with 3 pL #f] methionine—  with 1 wmol/L RA for 96 hours. U937/PR9 cells were induced to
labeled PARP and 15 pL of the cell lysates. Each reaction wasxpress PML/RARa by treatment with 100 pmol/L Zn for 16 hours.
incubated for 1 hour at 37°C. To map the PML/RARaspase EVADd(loole';‘;% :;)R‘é"asuadded Ior : Zouftr’]’i’;‘”? A irzatme“t-t(B)
. - . - n-iauce cells were treated wi e Indicated concentra-
cleavage site, cell lysates were substituted with baCtena”_ytions of DEVD or YVAD. Immunoblot analysis was performed on total
expressed GST or GST caspasel, or GST—caspase 3 fusi@ular proteins (50 pg) using the anti-RARa RPa(F) antibody. Immu-
proteins3! The reactions were fractionated on sodium dodecylnoreactivity to g-tubulin was used for loading control.

e o on IS ew - "-’ﬂ = <3—tubulin

%n 4 - :-.3' < PML/RAR«
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concentrations of YVAD or DEVD were added for 1 hour, specifically induced by caspase 3 because it was blocked in
before 1 pmol/L RA treatment for 20 hours. Degradation of vitro by DEVD and was not observed using GST or GST
PML/RARa was almost completely blocked by DEVD (60% to caspase 1 (Fig 3B and C and data not shown). Anti-RAR
80%), whereas YVAD was less effective (Fig 1B). Similar RPa(F) antibody specifically reacted with p50 (Fig 3B), thereby
results were obtained in NB4 cells (not shown). These resultsuggesting that GST caspase 3 induces a p50 proteolytic
suggested that a caspase 3-like protease is preferentialfyagment that contains the C-terminal F region of RAR
involved in the degradation of PML/RARby RA in vivo. Because in vitro—translated RARwvas not cleaved by GST
RA induces caspase 3-like activity in NB4 cell$o evalu-  caspase 3 or 1 (data not shown) and the RABmponent of the
ate whether caspase 3-like activity was induced by RA treatfusion protein is~46 kD, the caspase 3 cleavage site was
ment, we tested NB4 cellular lysates for their capacity to induceexpected to map within the C-terminal portion of the PML
cleavage of the nuclear enzyme poly(ADP-ribose) polymeraseéomponent of PML/RAR fusion product. To directly show it,
(PARP), an endogenous substrate for caspase 3-like proteve tested the stability of various in vitro—translated PML/
aseg® Incubation of in vitro-translated PARP with cell lysates RAR« deletion mutants (shown in Fig 3A) in the presence of
from untreated NB4 cells resulted in a partial PARP cleavage, a&ST caspase 3AC P/R is a PML/RAR deletion mutant in
shown by the appearance of the 85-kD cleavage product (Fig 2yhich the N-terminal RING and B# B2 regions were de-
arrow). However, PARP cleavage was greatly enhanced b¥eted!? In the AH P/R mutant, the coiled-coil region was
lysates from RA-treated NB4 cells (Fig 2A). In both cases, thisdeleted? The two regions deleted iAC P/R andAH P/R are
cleavage was prevented by DEVD in vitro, the inhibitor peptide adjacent in PML. Figure 3D and E shows that p50 is released
mimicking the PARP cleavage site (Fig 2A). These resultsfollowing the incubation of GST caspase 3 with in vitro—
indicate that caspase 3-like activity is endogenously present ifyanslatedAC P/R andAH P/R mutants, thereby suggesting that
NB4 cells and that it is further enhanced after RA treatment. the caspase 3 C|eavage site maps downstream to PML coil-
RA-induced caspase 3-like activity requires PML/RAR cojled region, within thex-helix region. Notably, recombinant
expression. We investigated the role of PML/RARoN the  caspase 3 was not able to cleave the H4-RAR mutant obtained
induction of RA-dependent PARP cleavage activity using cellby fusing the PML heptad repeats directly to the RAportion
lysates from the U937/PR9 clone. In these cells treatment withhf ppML/RAR (Fig 3F). Thus, a caspase 3 cleavage site maps
100 umol/L Zn results in the expression of the PML/RAR  jithin the a-helix region of PML retained in botAC P/R and
proteinit Cell extracts prepared from untreated U937/PR9AH p/R mutants but not in H4-RAR. This region contains only
cells, or from cells treated with RA or Zn, failed to cleave in gpe aspartic acid (Asp) at position 522, within a sequence
vitro—translated PARP. However, PARP cleavage was induce‘éPHLD:GP) permissive to caspases cleavage. The predicted
by lysates from U937/PR9 cells treated with Zn and RA. PARPlecular weight for the 434 amino acids proteolytic product

cleavage was prevented by DEVD (Fig 2B). Simultaneous(—49 g kD) is consistent with the observed p50 fragment and
treatment of parental U937 cells with Zn and RA did not induceith Asp 522 being the cleaved residue.

caspase 3 activity (not shown). Therefore, PML/RABKpres- Inhibition of PML/RAR degradation does not prevent
sion is required for the induction of caspase 3-like activity thatg a_induced myeloid differentiation.To investigate the role of
follows RA treatment. PML/RARa degradation in RA-induced terminal differentia-

Mapping of a major caspase 3 cleavage site within thetion we took advantage of the possibility to prevent PML/
a-helix region of PML. We then directly tested whether pary downregulation using caspase inhibitors. NB4 and
PM_L/RARa could be cleaved by caspase 3 in vitro. Incubation 7 _induced U937/PR9 cells were pretreated with caspase
of in wtro—translgted or bacterially expresse_d (MBP-P_ML/ inhibitors (DEVD or zVAD) or control medium for 1 hour
RARa; see Materials and Methods) PML/RARvith recombi-  pefore the addition of 1 pmol/L RA for 4 days. Immunoblot
nant GST caspase 3 for 1 hour induced the formatioR®0 kD anajysis revealed a marked effect of caspase inhibitor DEVD on
proteolytic fragment (Fig 3B and C). This cleavage product wasine stability of PML/RARx in both NB4 (Fig 4A) and

U937/PR9 (Fig 4B) cells. Treatment with RA and caspase

A B inhibitors, either DEVD or zVAD, induced differentiation of
NB4 U937/PR9 both NB4 and Zn-induced U937/PR9 cells, as shown by the
- 4+ - + - + - +2Zn nitroblue tetrazolium (NBT) dye reduction test (Fig 4C) and the
- - + 4+ - - 4+ 4+ - - + +RA quantitative fluorescence-activated cell sorter (FACS) analysis
- %+ - 4+ - - - - + + + +DEVD of the expression of the CD11a surface differentiation antigen
pr—— T - (Fig 4D). In control experiments performed in the absence of

RA, caspase inhibitors (DEVD or zVAD) had no effect on the
biod - - differentiation properties of these cells (not shown). Compari-
son of differentiation in cells treated with RA or RA plus
caspase inhibitors revealed a slight, but consistent, synergistic
effect of caspase inhibitors (Fig 4C and D). Remarkably, similar
Fig 2. Cleavage of in vitro-translated PARP. [35S]-PARP was incu- results were obtained using leukemic blasts from peripheral
bated for 1 hour at 37°C with cell lysates from untr_eated or from blood of newly diagnosed APL patients (Fig 5).
i’;:” (()_'/)L ;yA'ltg%at:gqélA/)LNzB: fgti?é?éﬁf%fgimc‘)j::egu(n;)rgé Inhibition of PML/RAR: degradation by caspase inhibitors
micromoles per liter DEVD was added as indicated. Arrow indicates prevents reorganization of PML NBsRA treatment of APL
the 85-kD PARP cleavage product. blasts induces progressive disappearance of PML/RAR-
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Fig 3. (A) Schematic representation of the amino acid se-
quences of PML/RARa and mutants. P, proline-rich region; R, RING
finger domain; B1 and B2, B-boxes; C.C., coiled-coil region; a-H,
a-helix region; SP, the a-helix serine and proline-rich region; BP,
PML/RARa junction. (B through F) RARa functional regions. (B)
MBP-PML/RARa (MBP-P/R) or (C) in vitro-translated [*>S]-PML/
RARa (P/R) or (D) [®3S]-AC P/R, (E) [®3S]-AH P/R, and (F) [¥S]-H4-
RAR were incubated with GST or GST caspase 3 for 1 hour at 37°C.
One hundred micromoles per liter DEVD was added where indi-
cated. Samples were analyzed by discontinous 8% to 15% SDS-
PAGE and visualized by autoradiography or by immunoblotting
(B) using an anti-RARa antibody (Santa Cruz Biotechnology).
Molecular weight markers are indicated. Arrows indicate the p50
proteolytic fragment. +DEVD -DBvD +DEVD -DEVD

crospeckles, reorganization of PML NBs, and in consequencepattern of PML NBs in both cell lines (Fig 6b and €). However,
relocalization of PML to its physiological site. Whether these this effect was blocked by caspase 3 inhibitor DEVD (Fig 6¢
phenomena are involved in RA differentiation and the role ofand f). In fact, cells treated with both RA and DEVD revealed a
PML/RARa degradation is not clear. Therefore, we analyzedmicrospeckled pattern of anti-PML staining (Fig 6¢ and f). It
the effect of DEVD on the subcellular localization of PML and appears that inhibition of PML/RA&Rdegradation prevents the

PML/RARa in NB4 and in U937/PR9 cells by indirectimmuno- reorganization of PML NBs. These results imply that PML/
fluorescence using the PG-M3 anti-PML monoclonal anti- RAR« localization is not sensitive to RA and that restructuring
body3® NB4 and Zn-treated U937/PR9 cells showed the mi-of the PML NBs induced by RA might be the consequence of
crospeckled pattern of PML and PML/RARXpression typical  the degradation of PML/RA&within the microspeckles, rather

of APL cells (Fig 6a and d). RA treatment restored the speckledhan its relocalization to PML NBs. To directly test this

© -
A nes +RA C NBa USs7/PRS 7 Fig 4. Time-dependent
-DEVD +DEVD inhibition of 1 pmol/L RA-
0O 24 48 96 24 48 96 24 48 96 h induced PML/RAR« degra-
ol i s ST dation by 100 pmol/L DEVD
in (A) NB4 cells and (B) Zn-
induced U937/PR9 cells. Im-
munoblot analysis was per-
formed on total cellular
proteins using an anti-
DEVD ZVAD Contol DEVD ZVAD RAR« antibody (Santa Cruz
U937/PR9 Biotechnology). B-tubulin
+RA :

B D NB4 U937/PR9 antibody was used for load-
o 24 48 % 24'D§\8/D % ZZD%D % h & ing control. (C and D) Ef-
Bl i B fect of DEVD and zVAD on
T o me 80 cell differentiation in cells
- . amm ow PMURARG grown in the absence (black
PR 40 bars) or in the presence of 1
pmol/L RA for 96 hours (di-
agonal bars) evaluated by
NBT reduction test (C) or
RA quantitative expression of

CD11a antigen (D).

» ” o+ PMURARa

% NBT reduction

s ————R V)

% of CD11a expression

g - [lOUN

i 0

:
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Fig5. Leukemic cells isolated from a newly diagnosed APL patient
were treated for 96 hours with either 1 pmol/L RA or 100 pmol/L
zVAD or with the combination of both agents as indicated. (A)
Immunoblot analysis performed using the anti-RARa RP«a(F) anti-
body; (B) percentage of differentiated cells determined by NBT
reduction assay.

+RA

hypothesis, we analyzed the effects of RA treatment indepen-
dently on the localization of PML and PML/RARusing an Fig 7. Immunofluorescence analysis in Zn-induced U937/HA-PR1
U937 clone expressing the HA-tagged PML/R&Rrotein cells analyzed after 24 hours in the absence (a and b) or in the
(clone HA-PRl), where PML/RAR and the endogenous pPML Presence (cand d) of 1 umpl/L RA us.ing Fhe monoclonal anti-HA (a
L . . L . and c) or the polyclonal anti-PML3 antibodies (b and d).
stainings can be recognized by double immunostaining using
a-HA and «-PML3 antibodies, respectively. The anti-PML3
polyclonal antibody recognizes a carboxyterminal, isoform-the immunofluorescence analysis of HA-PML/R&Rexpress-
specific PML3 epitope not retained within PML/RAR? ing cells using thea-HA antibody revealed a progressive
Immunofluorescence analysis performed in untreated U937-HAdisappearance of the labeling (Fig 7c). Immunostaining of the
PR1 cells showed that both PML and PML/RARre expressed same cells with the-PML3 antibody demonstrated the simulta-
into a microspeckled pattern (Fig 7a and b). After RAtreatment,neous reformation of the PML NBs pattern (compare the
microspeckled pattern of staining in control cells with the
NB4 U937/PR9 speckled pattern in RA-treated cells, Fig 7b and d, respectively).
These data confirm that PML/RARexpression is downregu-
lated by RA and indicate that RA-induced PML/RARegrada-
tion takes place into the microspeckles and that there is
minimal, if any, RA-induced PML/RAR relocalization to the
PML NBs.

DISCUSSION

It has been recently proposed that the PML/RARiIsion
protein is degraded through the proteasome during RA treat-
ment of APL cells and that this event is required for the
differentiative activity of RA%18.19Recent studies show that a
proteasomal pathway can be upstream to caspase activation in
thymocytes and neurons induced by different stir®tAf sug-
gesting a possible linkage between these two pathways.

In this study, we have elucidated the molecular mechanism
and the biological significance of PML/RARdegradation by
RA. We first show that a member of the caspase 3 family is
responsible for PML/RAR proteolysis during RA treatment of
APL cells. In fact, RA-induced degradation of PML/RARan
be prevented in vivo with the broad spectrum caspase inhibitor
zVAD and the caspase 3 selective inhibitor tetrapeptide DEVD.
Degradation of the fusion protein can be reconstituted in a
cell-free system by using in vitro—translated PML/RARNd
Fig 6. Immunofluorescence analysis in NB4 (a through ¢) and  recombinant caspases. One major caspase cleavage site maps

Zn-induced U937/PR9 cells (e through g) using the PG-M3 anti-PML sy . T
monoclonal antibody. Control cells (a and d) and cells treated for 96 within the PML component of the fusion proteia-belix; Asp

hours with 1 pmol/L RA (b and €) or 1 pmol/L RA + 100 pmol/L DEVD 522), and the proteolytic event leaves the RABomponent
(cand f). intact and potentially able to mediate RA-dependent transcrip-

alrans RA

+DEYD
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tional events. Notably, Asp 522 is not retained in a shorteras N-CoR and SMRT that can act as transcriptional corepres-
variant of PML/RARx (bcr3-PML/RARa isoform)-2 found in sors. SMRT and N-CoR associate with the corepressor Sin3 and
approximately 35% of patient83¢ This short PML/RAR: the histone deacetylase protein to form a transcriptional repres-
isoform is indeed resistant to RA-induced degradation. sor complext®4°RA binding releases this complex and recruits
The mechanisms involved in the triggering of caspase-the multisubunit activation complex, which possesses histone
mediated degradation of PML/RARby RA treatment remain  acetyltransferase activit§.PML/RARa has been found to be
unclear. A caspase 3-like activity responsible for the proteolysisissociated with transcriptional corepressors that can dissociate
of PARP was detectable after treatment with RA in NB4 cells asfrom the fusion products at much higher RA concentrations than
well as in U937/PR9 cells induced to express PML/RAR from wild-type RARx.50-54In agreement with these findings, we
However, caspase activation also depends on PMLMRAR propose that in APL cells, RA binding to PML/RARNduces
expression, as shown by the finding that RA induces caspasallosteric changes of the fusion protein that release the corepres-
activation in U937 cells only when the fusion protein is sors and recruit the activator complex resulting in histone
expressed. These findings are in agreement with recent data thagetylation, modification of gene expression, and cell differen-
shows that PARP polypeptide and its enzymatic activity declinetiation. The same allosteric changes in PML/RABonforma-
dramatically during RA-induced differentiation in NB4 cells tion might also allow specific PML/RAR amino acid se-
but not in HL-60 cells, a myeloblastic cell line that does not quences to be cleaved by caspases.
express PML/RAR.3 It appears, therefore, that the PML/
RARa« target protein is also required for RA-induced caspase ACKNOWLEDGMENT
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