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Abstract

All-trans retinoic acid (ATRA) resistance has beemritical problem in acute
promyelocytic leukemia (APL) relapsed patientstiis study, dasatinib synergized
with ATRA to trigger differentiation in ATRA-resiaht APL cell lines. The combined
treatment activated RAF-1, MEK and ERK as well abamced ATRA-promoted
up-regulation of the protein level of PU.1, C/HBRnd C/EBR. U0126 (MEK
specific inhibitor) and sorafenib tosylate (RAF-iesific inhibitor) suppressed the
combined treatment-induced differentiation, ERK glworylation and the
up-regulation of C/EBPs and PU.l. Sorafenib tosylalso attenuated the MEK
activity. However, the combined treatment did nohance Ras activity and Ras
inhibitor neither blocked MEK activation nor inhied differentiation. Therefore, the
combined treatment induced differentiation via Redependent RAF-1/MEK/ERK.
Earlier than RAF-1 activation, dasatinib suppreskgd activity, the predominant
activated Src family kinase (SFK) and dephosphtedld®rAF-1 at S259. Furthermore,
SFK inhibitor, PP2 did suppress Lyn activity andmuked the effect of dasatinib on
ATRA-induced differentiation as well as decreasbdgphorylation of RAF-1 at S259.
Thus, it was suggested that Lyn inhibition mighttieate RAF-1 by the
dephosphorylation of RAF at S259 and lead to dffiéation. In conclusion, the
combination of dasatinib and ATRA could overcomeRA resistance through Lyn
inhibition-mediated activation of RAF-1/MEK/ERK.
Keywords. acute promyelocytic leukemia; dasatinib; all-tramesinoic acid; Lyn;

RAF; differentiation



1. Introduction

Since the introduction of all-trans retinoic acidlTRA) and arsenic trioxide
(ATO) in the conventional chemotherapy of acutenpyelocytic leukemia (APL),
APL has transformed from a highly fatal cancer toghly curable disease(Shen et al.,
2004).However, there are subsets of patients that evigntdapse and/or develop
resistance to ATRA. Increased ATRA metabolism amel wp-regulation of cellular
RA-binding protein were once suggested to be thehar@sms of ATRA resistance in
early studies. However, ATRA-induced mutationsha ligand binding domain of the
RARa moiety of PML-RARa fusion gene resulting in deficient ATRA binding wer
the major cause of ATRA resistance (Tomita et a013). Besides defects in
PML-RARa, mutations in FLT3-ITD or TP53, overexpression ofBP1 or
co-expression oAML-ETO were associated with ATRA resistance (Abreu E Legha
al., 2005; Awwad et al., 2008; Gallagher et al120/Melch et al., 2012). Furthermore,
altered ligand-induced co-repressor release, dwadct recruitment might also
contribute to ATRA resistance (Farris et al., 20X2Yyerexpression of topoisomerase
Il B by PKG and suppressed transcription of certain ATRA-t@d@enes by BRG1
and nucleophosmin were both demonstrated to benttators of ATRA resistance
(McNamara et al., 2010; Nichol et al., 2016).

Over the years, extensive efforts were made totifeother medicines for the
treatment of refractory APL. Though vitro studies showed that some agents, such as
granulocyte colony-stimulating factor, tumor ne¢sdsctor, oridonin, staurosporine,

matrine and interferog-could cooperate with ATRA to induce differentiation



ATRA resistant APL cells, furthein vivo studies and clinical trials were urgently
needed to verify their clinical efficacy (Gao et, &010; Ge et al., 2014; He et al.,
2012; Witcher et al., 2004; Wu et al., 2014). Gerutuab ozogamicin (GQ)an
anti-CD33 monoclonal antibody conjugated to theirtogalicheamicin, exhibited
significant activity in APL (Takeshita et al., 200%0 has been used successfully in
combination with ATRA and ATO for newly diagnosedPlA patients as well as a
single agent for patients with molecular relapsdelAr patients who are unfit for
conventional chemotherapy (Aribi et al., 2007; LoeG et al., 2004; Ravandi et al.,
2009). However, no large randomized study of
GO for APL treatment has been performed and ondg/long-term follow-up of GO
combined with ATRA and ATO in APL treatment was agpd (Abaza et al., 2017).
Allogeneic bone marrow transplantation was anottie@rapy choice, but only
applicable to small amount of patients. Till noWw,Awas the widely proven effective
therapy other than ATRA and chemotherapy in thatinent of APL, especially for
the ATRA-resistant relapsed APL patients (McCullahal., 2017). Unfortunately,
ATO resistance has also been observed recently(&adl., 2011; Lou et al., 2015).
Therefore, the development of alternative therajmes/oid or reverse drug resistance
continues to be a goal in the treatment of APL.

Dasatinb, one of the second generation of tyrokimase inhibitors, was
administered for chronic, blastic, or acceleratéthge chronic myeloid leukemia
(CML) patients who are resistant or intolerant moaiinib, even as the frontline

treatment of CML-chronic phase in some countriesi(#¥ al., 2010). Its capability to



inhibit ABL also allowed its use in the treatmentf oPhiladelphia
chromosome—positive acute lymphoblastic leukemiaLjAwith the combination of
other therapies (Foa et al., 2011; Rousselot €2@1.6; Sasaki et al., 2016).

In addition to blocking BCR-ABL kinase activity, siinib also inhibits other
Src family kinases (SFKs), such as LCK, HCK, FYNEY, FGR, BLK, LYN, and
FRK (Chen and Chen, 2015). SFKs are commonly oypeessed and/or
hyperactivated in acute myeloid leukemia (AML) cdihes and primary cells
(Johnson, 2008). Inhibition of SFKs by its seleetivnhibitor PP2 enhanced
ATRA-induced myeloid differentiation(Jensen et &Q15; Miranda et al., 2007).
Furthermore, as a SFK inhibitor, dasatinib promod®RA-triggered differentiation
in some AML cell lines, such as APL cell line NBa#gute monocytic leukemia cell
line U937 and acute myeloblastic leukemia with metion cell line HL-60
(Congleton et al., 2012; Kropf et al., 2010). Amdhgse cell lines, NB4 and HL-60
cell lines are ATRA-sensitive while U937 is ATRANeresponsive cell line. Therefore,
it was speculated that dasatinib might overcome AT&sistance in some cell lines.
However, whether dasatinib could restore diffeadin response of ATRA-resistant
APL cells to ATRA has not yet been reported.

In the present study, we investigated the effedhefcombination of ATRA and
dasatinib in ATRA-resistant APL cell lines, NB4-Rihd NB4-R2. The combined
treatment synergized to trigger terminal granulmcgifferentiation accompanied by
GO0/G1 phase arrest in both cell lines. Furthermibneas showed that the combined

treatment overcome differentiation block via RAMEK/ERK-mediated modulation



of the protein level of CCAAT/enhancdrinding proteinf (C/EBR3), C/EBR: and
PU.1. Meanwhile, before the activation of RAF-1sakinib suppressed the activation
of Lyn, the predominant activated SFK in NB4-R1 a@B4-R2 cell lines. Further
study indicated that the linkage between the inioibi of Lyn activity and RAF-1
activation was the dephosphorylation of RAF-1 &6%2
2. Material and Methods
2.1 Reagents

ATRA and okadaic acid were purchased from Sigmariéld(St Louis, MO)
U0126 were obtained from EMD Chemicals (San Diegga). Dasatinib, sorafenib
tosylate, PP2 and salirasib (farnesylthiosalicglotd, FTS) were from Selleckchem
Chemicals (Houston, TX). They were all dissolveddbyiethylsilfoxide (DMSO).
2.2 Céll culture and cell proliferation

The ATRA resistant cell lines, NB4-R1 and NB4-RAse/ere obtained from Dr
Michel Lanotte (Hopital Saint Louis, Paris, Franc@yason-Burchenal et al.,
1997)and were cultured in RPMI-1640, supplementéith W0% fetal calf serum
(Thermo Fisher Scientific Inc, Waltham, MA) in arhdified atmosphere of 95%
air/'5% CO2 at 3T. To avoid possible effects of cell density on agibwth and
survival, cells were maintained at less thak B cells/ml. Actual viable cell
numbers were calculated by multiplying diluted tsmeith counted viable cell
numbers.
2.3 Cell differentiation assays

Cell maturation was evaluated by cellular morphglogitroblue tetrazolium



(NBT) reduction assay and the content of cell sigfdifferentiation-related antigen
CD11b. Morphology was determined with May-Grunw@kmsa’s staining of cells
centrifuged onto slides by cytospin (Shandon, RanddK; 500 r.p.m., 5 min) and
viewed at x1000 magnification. For NBT reduction 10° cells were collected and
incubated with 1mg/ml NBT (Sigma-Aldrich) solutiacontaining 1QM phorbol
12-myristate 13-acetate (Sigma-Aldrich) af@7for 1 hour. Cells were lysed by 10%
sodium dodecyl sulfate (SDS) and 0.04N hydrochladga. The absorbance at O.D
570nm was detected by spectrophotometer (Beckmamtefo Brea, CA). The
expression of cell surface differentiation-relatettigen CD11b (Coulter, Marseilles,
France) was determined on flow cytometry (EPICS &bulter, Hialeah, FL).
2.4 Céll cycle analysis

Cells were collected, rinsed and fixed overnighf@% cold ethanol. Then, cells
were rinsed with phosphate-buffered saline (PB®gtéd with Tris-HCI buffer (pH
7.4) supplemented with 1% RNase (Sigma-Aldrich) atained with 50 mg/ml
propidium iodide (Sigma-Aldrich). Cell cycle diditition was determined by flow
cytometry (EPICS XL, Coulter). Data were collectsthred and analyzed by Modfit
software (BD Biosciences, San Jose, CA).
2.5 Western blot analysis

Cells were washed with cold PBS and lysed with Ritieder (Sigma-Aldrich)
containing protease inhibitor and phosphatase itdnibcocktail (Selleckchem
Chemicals). Cell lysates were centrifuged at 1300® for 10 minutes at ‘@.

Supernants were collected and quantified by Bio-R&dprotein assay (Bio-Rad



Laboratories, Hercules, CA). 50 or 1@ protein extracts were loaded on 8%
SDS-polyacrylamide gel, subjected to electrophsresand transferred to
polyvinylidene difluoride membranes (GE Healthcds& Ltd, Buckinghamshire,
UK). After blocking with 5% nonfat milk or BSA in BS, the membranes were
probed with the following primary antibodies: RARC/EBR3, C/EBR;, PU.1,
p-RAF-1(Tyr340/341) from Santa Cruz Biotech (Sant&€ruz, CA);
phospho—c-RAF(Ser259), phospho-p44/42 Erk1/2 (TAY 204),
phospho-MEK1/2 (Ser217/Try 221) p-RAF-1(Ser338) and Phospho-Src family
(Tyr416) from Cell Signaling Technology (Beverly, AY] Phospho-PP2A (Y307)
catalytic subunit from R&D systems (Minneapolis, MNRas from EMD Millipore
Corporation (Temecula, CAB-actin from Sigma-Aldrich. Subsequently, membranes
were incubated with horseradish peroxidase (HRR)ugmated secondary antibody
(GE Healthcare UK Ltd). Immunocomplexes were viegal by chemiluminescence
kit (GE Healthcare UK Ltd) according to the mantd@er’s instruction. To detect
PP2A, RAF-1, Lyn, Erk1/2 and MEK1/2, the same meaanbrincubated with the
phosphorylated PP2A, RAF-1, Src family, Erk1/2 oEKAL/2 was stripped with
stripping buffer (2% SDS, 100mM beta-mercaptoetha®® mM Tris, pH6.8)
followed by blocking and probing with anti-PP2A Qbsinit (Cell Signaling
Technology), anti-RAF-1(Cell Signaling Technologghti-Lyn (Santa Cruz Biotech),
anti-Erk1/2 (Cell Signaling Technology), or anti-ME2 (Cell Signaling
Technology).

2.6 Ras pull down assay



Cells were lysed in ice-cold Mg2+ lysis/wash buffdEMD Millipore
Corporation) supplemented with protease inhibitad phosphatase inhibitor cocktail.
Lysates were centrifuged at 13000 rpm for 10 mimated°C. Aliquots of lysates were
set aside to allow quantitation of total Ras by mmamblotting. The remainder of the
lysates was incubated with 1@l of beads coated with a fusion protein
(GST-RAF-1-RBD) (EMD Millipore Corporation) at 4°@r 1 hour. Beads were
washed three times with lysis/wash buffer, boiled 10 minutes in 2Laemmli
reducing buffer, and analyzed by immunoblottingRas.

2.7 Immunoprecipitations

Cells were lysed in lysis buffer (20mM HEPES, (pH7 137mM sodium
chloride, 1.5mM magnesium chloride, 1mM EGTA, 10%){vglycerol, 1% Triton
X-100, protease inhibitor and phosphatase inhibitarcktail). Lysates were
centrifuged at 13000 rpm for 10 minutes at 4°Cqidits of lysates were set aside to
allow quantitation by immunoblotting. The remaindsdrthe lysates was incubated
respectively with gg of Ig G or anti-lyn antibody overnight at 4°C llfoved by
protein G plus agarose (Santa Cruz Biotech) ind¢obatfor 2h at 4°C.
Immunocomplexes were collected by centrifugatiod washed three times with lysis
buffer. Bound proteins were eluted by boiling imL2aemmli reducing buffer for 10
minutes and analyzed by immunoblotting. To avoid ithterference of Ig G heavy
chain, the membrane probed with anti-lyn or antie$pho-Src family (Tyr416) was
incubated with mouse anti-rabbit IgG (light-chaimpesific) (Cell Signaling

Technology) following by HRP-conjugated secondarijtzody.



2.8 Satistical analysis

For NBT reduction, two-tailed unpaired Studentisdt was used, n value was 3.
The flow cytometric analysis of CD11b was analybgdchi-square test, n value was
20,000.

3. Results
3.1 Dasatinib synergized with ATRA to induce differentiation accompanied by GO/G1
phase arrest in NB4-R1 and NB4-R2 cells.

To investigate the effect of combined treatmentdakatinib and ATRA on
NB4-R1 and NB4-R2 cells, we first tested the maximconcentration of dasatinib
studied in both cell lines. DMSO treatment was rdgd as solvent control since both
ATRA and dasatinib were dissolved in iuM and 24M dasatinib was determined to
be the maximum concentration used in NB4-R1 and-RB4ells respectively with
no obvious effects on survival (data not shown)n@aring with DMSO treated cells,
0.5uM and uM dasatinib alone slightly inhibited the prolifaat (Figure 1a)
without marked alteration of cell cycle distribution NB4-R1 cells (Figure 1c), while
1uM and Z21M dasatinib treatment suppressed the proliferatigigure 1b)
accompanied with GO/G1 phase arrest in NB4-R2 ¢Ellgure 1d). Comparing with
dasatinib treatment, the combination of dasatimtd ATRA showed greater growth
inhibition in both cell lines in a dose and timgedadent manner (Figure 1a and 1b)
paralleled by more obvious GO/G1 phase arrest (Eiga and 1d). The cell viability
was maintained above 90% with any treatment in bethlines (data not shown).

To study the effect of combined treatment on tnggedifferentiation, both cell
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lines were treated withuM ATRA and the corresponding concentrations of tdaga
for 72 hours. As shown in Figure 1le and 1f, both lbees had a characteristic
morphology of APL blast such as irregular nuclend E&rge nuclear/cytoplasm ratio.
After incubated with lower concentration of dasdtiralone for 72 hours, no
significantly morphological change was observedath cell lines. However, some
cells treated with higher concentration of dashton 1JuM ATRA presented decreased
nuclear/cytoplasm ratio in these two cell linegg(ife 1e and 1f). In both cell lines,
any concentration of dasatinib and ATRA co-treatetls displayed more matured
appearances, such as kidney-shape or lobed nucteimpanied by markedly
decreased nuclear/cytoplasm ratio (Figure 1e apdMidreover, almost all the cells
treated with the combination of higher concentratd dasatinib and ATRA presented
fully differentiation (Figure 1e and 1f). Consistemth the morphology, iM ATRA

or high concentration of dasatinib alone for 72 rsomodestly increased NBT
reduction activity in both cell lines (Figure 1gdafh). More remarkably enhanced
NBT reduction activity was observed in both celhels with dasatinib/ATRA
co-treatment (Figure 1g and 1h). Accordingly, aesgistic effect of dasatinib and
ATRA on the content of CD 11b positive cells wasatved in a dose-dependent
manner in both cell lines (Figure 1i-1l). Taken dter, these results demonstrated
that co-treatment of dasatinib and ATRA inducedngtacytic differentiation and
indicated that the addition of dasatinib could reee ATRA resistance in
ATRA-resistant APL cells.

3.2 The combination of dasatinib and ATRA activated MEK/ERK signal pathway;,

11



modul ated the protein level of C/EBPs and PU.1.

To survey the molecular mechanisms of combined treatmenteedu
differentiation, high concentrations of dasatinibrevused in the subsequent studies.
Since dasatinib could reverse ATRA resistance ies¢htwo cell lines and RA
signaling pathway is involved in the regulationnayeloid differentiation, we focused
on certain proteins and signaling pathways invgvim ATRA-induced granulocytic
differentiation.

The degradation of PML-RAR the pathogenic protein of APL, was deemed to
be the key mechanism of ATRA-induced granulocytiffecentiation of APL
cells(Ohnishi, 2007). As illustrated in Figure 2,TERA treatment alone or
dasatinib/ATRA co-treatment degraded RlARHowever, PML-RAR fusion protein
was not destructed by any treatment in both aa#idieven at 72 hours when the cells
had already been induced differentiation (Figure Z&JRA and the combined
treatment decreased the protein level of PML-RARSion protein at the similar
level in NB4-R1 cells while the addition of dasdiinpartially inhibited
ATRA-mediated reduction of PML-RARIN NB4-R2 cells (Figure 2). Therefore, the
cooperation differentiation effect of ATRA and d&sid might be independent of the
regulation of PML-RAR.

The induction of C/EBPR and C/EBR expressions implicated in the later stage
of granulocytic differentiation(Lekstrom-Himes, 200 The transcription factor PU.1
is a member of the Ets transcription factor famdgd plays a vital role in

commitment and maturation of the myeloid lineaddereover, it was reported that
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their expression could be induced by ATRA and thegre all required for
ATRA-induced differentiation in APL cells(Duprez ak, 2003; Mueller et al., 2006;
Park et al., 1999). As shown in Figure 2, in bo#ll ines, ATRA or dasatinib
treatment alone for 24 hours slightly elevated puetein level of C/EBP and
C/EBR3 but not PU.1. However, the combination of dasatimith ATRA remarkably
enhanced the protein level of C/HBRC/EBFe and PU.1 in both cell lines (Figure 2).

Activation of MEK/ERK was demonstrated to be regqdir for some
cytokine-induced myeloid differentiation as well A3RA-triggered granulocytic
differentiation in APL cells(Miranda et al., 2008)02; Weng et al., 2016). To explore
whether MEK/ERK signaling pathway was activate& gfhosphorylated MEK and
ERK1/2 were assessed by Western blot analysis lis weated with ATRA or/and
dasatinib for 24 hours. As illustrated in Figurett® combined treatment increased
the amount of phosphorylation of MEK and ERK1/2 ensignificantly than that with
any single treatment in both cell lines. The tatalount of MEK and ERK1/2 in both
cell lines remained almost unaltered after anytitneat.

Therefore, it indicated that rather than PML-RARiIsion protein, the activation
of MEK/ERK cascade and the up-regulation of C/EBRd PU.1 might be involved
in the combined treatment-induced differentiation.

3.3 The combination-induced differentiation and the up-regulation of C/EBPs as well
as PU.1 were dependent on MEK/ERK activation.

Having validated the activation of MEK/ERK by dasdi/ATRA co-treatment,

we next studied whether MEK/ERK signaling pathwaaswequired for the combined
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treatment-induced granulocytic differentiation. I€elvere pretreated with uM
U0126, a specific inhibitor of MEK at the maximurancentration with no effect on
cell viability when added to the combined treatmdihite effectiveness of U0126 was
evaluated by ERK1/2 phosphorylation with the intecktreatment for 24 hours. Such
concentration of U0126 did block ERK1/2 activatiorlNB4-R1 cells while attenuate
ERK1/2 activity in NB4-R2 cells (Figure 3a and 3hYith U0126 pretreatment,
matured granulocytes presented in dasatinib/ATRAreatment were replaced by
primary cells with round nuclei and large nuclegidplasm ratio in NB4-R1 cells
while partial differentiated cells with kidney-skepnuclei in NB4-R2 cells (Figure
3c and 3d). Accordingly, M UQ0126 pretreatment suppressed combined
treatment-enhanced NBT reduction assay (Figure adel) the content of CD11b
positive cells (Figure 3f-3h) more significantly NB4-R1 cells than that in NB4-R2
cells. These results were consistent with the diffee of MEK inhibition by U0126
in these two cell lines. Meanwhile, in the preserafe U0126, the combined
treatment-enhanced the protein level of C/BBE/EBFe and PU.1 was remarkably
decreased in both cell lines (Figure 3i and 3j)edéresults highlighted a major role
of MEK/ERK signal pathway in the differentiationdacing effect of ATRA and
dasatinib in ATRA resistant-APL cells. It was alsoggested that MEK/ERK signal
pathway positively regulated dasatinib/ATRA-indudditferentiation by modulating
the protein level of PU.1, C/EBRandC/EBFx.

3.4 RAF-1 was an upstream positive modulator of MEK/ERK signaling pathway and

required for the combination-induced differentiation.
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Having demonstrated the critical role of MEK/ERK tipsay in the
combination-induced differentiation and some ofditsvnstream targets, the upstream
molecules of MEK/ERK signal pathway was to be syece RAF-1 is a classical
upstream regulator of MEK/ERK signal pathway. Thativation of RAF-1 was
analyzed by Western blot analysis of p-RAF-1(Sey3&& p-RAF-1(Tyr340/341).
The phosphorylated RAF-1 at Ser 338 was only dedeict NB4-R1 cells with ATRA
treatment for 6 hours (Figure 4a). However, in bodh lines, phosphorylated RAF-1
at Tyr340/341 was presented more remarkably with dbmbined treatment for 6
hours, 18 hours earlier than MEK activation (Figdeaeand 4b).

To further investigate whether RAF-1 activation wasuired for MEK/ERK
signal pathway, cells were pretreated for 1 houh worafenib tosylate, a specific
inhibitor of RAF-1. uM and 2uM sorafenib tosylate was determined to be used in
NB4-R1 and NB4-R2 cells respectively with no obwdoeffects on survival when
added to the combined treatment (data not shows)lldstrated in Figure 4c and 4d,
sorafenib tosylate pretreatment suppressed theioatidn-enhanced phosphorylation
of MEK and ERK in both cell lines. Thus, the actisga of MEK/ERK by the
combined treatment was dependent on RAF-1. Moremaafenib tosylate also
attenuated the combination-triggered differentratio both cell lines as assessed by
morphology (Figure 4e and 4f), NBT reduction asg&igure 4g) and CD11b
expression (Figure 4h-4j). Consistent with the edéghce of the concentration of
sorafenib tosylate used in these two cell lineg ithibitory effect of sorafenib

tosylate on differentiation was more distinct in NB1 cells than that in NB4-R2
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cells. In addition, the combination-enhanced protevel of C/EBB, C/EBF and
PU.1 was significantly decreased by sorafenib &isypretreatment in both cell lines
(Figure 4k and 4l). These data demonstrated that-RAvas an upstream positive
modulator of MEK/ERK signaling pathway and requifedthe combination-induced
differentiation.

3.5 Ras might not be involved in the combined treatment-induced differentiation and
the activation of MEK.

To further explore the upstream molecules of RARwvg, first determined the
role of Ras, a well-known upstream regulator of RBREn the combination-induced
differentiation. It has been well documented thasRn its active-GTP-bound state,
binds to RAF-1 through Ras-binding-domain (RBD).ush Ras activation was
measured by the level of Ras-GTP in both cell lingh dasatinib or/and ATRA
treatment for 3 hours, a few hours earlier than RA&ctivation. As shown in Figure
5a, there was baseline activation of Ras in boliHines and the combined treatment
hardly altered the Ras activity. Therefore, the bmred treatment did not enhance the
Ras activity prior to RAF-1 activation and it indted that the combination-induced
RAF-1 activation might not depend on Ras. To comfine role of Ras, both cell lines
were pretreated with 51 salirasib (FTS) for 1 hour and then exposed toent
treatments for 24 hours. FTS is an S-farnesyl aystanalog that affects docking of
active GTP-Ras in the membrane by competing with f@aits membrane anchorage
sites, resulting in hydrolyzing GTP-Ras to inact@®P-Ras(Marom et al., 1995).

FTS did remarkably suppress the baseline Ras gciivboth cell lines while slightly
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inhibited Ras activation with the combined treatm@enNB4-R1 and NB4-R2 cells
(Figure 5b). Unexpectedly, FTS pretreatment elavatehe combined
treatment-induced phosphorylation of MEK in bothl des (Fig 5¢c and 5d).
Meanwhile, FTS did not affect the combination-teged differentiation in both cell
lines as assessed by morphology (Figure 5e and\Bf), reduction assay (Figure 5Q)
and CD11b expression (Figure 5h-5j). Taken togetR@iS, the inhibitor of Ras
activation, did suppress Ras activity in both dieks while it neither inhibit MEK
activation nor affect differentiation. It was condéd that Ras might not be involved
in the combined treatment-induced differentiatiod ¢he activation of MEK.

3.6 Dasatinib inhibited the activity of Lyn, the predominant activated SFK in NB4-R1
and NB4-R2 cells.

SFKs are the key targets of dasatinib and SFK inbib could enhance
ATRA-induced myeloid differentiation (Congleton &, 2012; Jensen et al., 2015;
Kropf et al., 2010; Miranda et al., 2007). To inthgate whether dasatinib affect the
activity of SFKs, the whole cell lysates of botlil tiees treated with dasatinib or/and
ATRA for 3 hours were immunoblotted with the antligao phospho-Src Y416. This
antibody recognized a conserved phosphotyrosinesmonding with activated form
of different SFK members. The molecular weightshef SFK members are between
50-kDa to 70-kDa. As shown in Figure 6a left, soofieSFKs with the molecular
weight around 55-kDa were phosphorylated with DM®O ATRA treatment.
Meanwhile, the phosphorylation was decreased byatiods and the combined

treatment at the same level in both cell lines {F@g6a left). Lyn, with the molecular
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weight of 53 to 56-kDa, is the major activated SRKNB4 cells(Kropf et al., 2010),
the original cell line of NB4-R1 and NB4-R2. Theved, the membrane
immunoblotted with the antibody to phospho-Src YAt#s stripped and reprobed
with the antibody to Lyn. The bands of Lyn werdhe similar pattern of phospho-Src
Y416 in both cell lines (Figure 6a right). Thus,indicated that Lyn might be the
predominant activated SFK which was inhibited bgadmib in NB4-R1 and NB4-R2
cells.

To further confirm whether Lyn was the major actiseth SFK suppressed by
dasatinib, immunodepletion study of Lyn was perfedmvith dasatinib or/and ATRA
treatment for 3 hours, followed by immunoblottingwthe antibody to phospho-Src
Y416. The same experiment with the cell lysate frortreated NB4 cells was used as
positive control. Theoretically, after immunopratagion of Lyn, the
immunoprecipitate pellets contained the immunocexplf Lyn while proteins other
than the Lyn complex presented in the immunodegplstegernant. As illustrated in
Figure 6b middle and lower, like NB4 cells, phospteted SFKs were not detected
in the immunodepleted supernant but only in the imaprecipitate pellets with
DMSO or ATRA treatment in both cell lines. Furthema, Lyn was only presented in
the immunoprecipitate pellets but not the immundetep supernant in these cell
lines (Figure 6b middle and lower). Therefore, #sndemonstated that only Lyn was
the activated SFK member in NB4-R1 and NB4-R2 aatld dasatinib suppressed the
activity of Lyn.

3.7 The inhibition of Lyn activity by the combined treatment initiated RAF-1
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activation by reducing the phosphorylation of RAF-1 at 259.

Our above results showed that dasatinib synergizéd ATRA to trigger
terminal granulocytic differentiation by Ras indeadent RAF-1/MEK/ERK pathway,
accompanied by Lyn inhibition. Since Lyn inhibitiomas 3 hours earlier than the
activation of RAF-1 and Lyn has been implicated asnegative regulator of
ERK(Lannutti and Drachman, 2004), it prompted usniestigate the link between
Lyn inhibition and RAF-1 activation.

Dephosphorylation of RAF-1 phospho-S259, one of ithigbitory sites of
RAF-1, initiates the activation of RAF-1(Lavoie aftierrien, 2015). Interestingly,
PP2A is one of the phosphotases responsible fdradgorylation of RAF-1 at S259
and Lyn can inhibit PP2A through phosphorylating ¥807 in its catalytic
subunit(Zonta et al., 2015). Thus, we hypothesthatl dasatinib-induced suppression
of Lyn might release the inhibition of PP2A and sedpuently initiate RAF activation
by dephosphorylation of RAF-1 at S259. As Figureaidd 7b shown, 3 hours before
RAF-1 activation, the same time point of Lyn inlidm, the phosphorylation of
RAF-1 at S259 was dramatically decreased by thebgwed treatment in both cell
lines. However, the phosphorylation of PP2A at Y&@pt the similar level by any
treatment (Figure 7a and 7b). Moreover, PP2A sgkeabhibitor, okadaic acid could
not affect the combined treatment-induced diffdedinin as assayed by morphology
(Figure 7c and 7d) and CD11b expression (Figurante7f).

To further confirm the correlation between Lyn ioikion and dephosphorylation

of RAF-1 at S259, we evaluated whether the SFKiBpechibitor PP2 could mimic
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the effect of dasatinib. Since Lyn was verifiedtothe predominant activated SFK in
both cell lines, it meant that the main target BKSspecific inhibitor PP2 was Lyn.
Similar to the co-treatment of dasatinib and ATRAhe Ilevel of
phosphorylated/activated Lyn and the phosphorylattd RAF-1 at S259 were
significantly reduced with the combination qfM ATRA and 10 mM PP2 for 3 hours
(Figure 8a and 8b). Moreover, co-treatment of PR2 ATRA also induced terminal
granulocytic differentiation in both cell lines assessed by morphology (Figure 8c
and 8d), NBT reduction assay (Figure 8e) and CEession (Figure 8f-8h). Thus,
it was suggested that the inhibition of Lyn coupdosphorylate RAF-1 at S259 and
finally lead to differentiation.

4. Discussion

In this work, we demonstrated that dasatinib, adiyre kinase inhibitor currently
used in the treatment for CML and Philadelphia ofosome—positive ALL, could
restore ATRA-sensitivity in two retinoid resistallPL cell lines. However, the effect
of the combination of dasatinib and ATRA on primaegjls from ATRA-resistant APL
patients needs further investigation.

PML-RARa fusion protein is believed to contribute to thehpgenesis of APL
in a dominant negative fashiolMoreover, the destruction of PML-RARwas widely
accepted as the key mechanism of ATRA-induced dpaptic differentiation of APL
cells. However, in this work, PML-RAR fusion protein was not destructed by the
combined treatment even at 72 hours when the ¢elth already been induced

differentiation. Thus, it indicated that the comddion could induce differentiation
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independent of PML-RAR degradation. Consistent with our observation, other
agents such as oridonin, G-CSF, TNF and staurospaould synergize with ATRA
to induce differentiation in ATRA-resistant APL teines without any effect on
PML-RARa(Gao et al., 2010; Ge et al., 2014; Higuchi et 2004; Witcher et al.,
2004). Since dasatinib could also promote ATRA-getl differentiation in some
non-APL AML cells which is PML-RAR fusion protein negative, suggesting that
PML-RARa degradation was not required for dasatinib enhasoémof
ATRA-triggered differentiation.

To survey the molecular mechanism of the combinezhtinent-induced
granulocytic differentiation, we focused on someown transcription factors and
pathway involving in ATRA-triggered differentiatiom APL cells. As mentioned
above, the expression of C/EBP C/EBRE and PU.1 were all required for
ATRA-induced differentiation in APL cells(Duprez ak, 2003; Mueller et al., 2006;
Park et al., 1999). Among therG/EBP¢ was identified to be a downstream ATRA
target gene in APL treatment while PU.1-mediateshgactivation was repressed by
PML-RARa and restored by the treatment of ATRA(Park et EH99; Qian et al.,
2013). A majority of PU.1 target genes are direttiolved in myeloid differentiation
and function, such as CD11b, CD45, the granulosydaefophage colonystimulating
factor receptor, myeloperoxidase, lysozyme, netiiftop elastase,
microtubule-associated protein 1S and glycolytieyene hexokinase 3 (Federzoni
et al., 2012; Haimovici et al., 2014; Kastner andag, 2008). In this study, the

combined treatment activated MEK/ERK and signifitaenhanced protein level of
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C/EBR3, C/EBR and PU.1. Attenuation of the MEK activation blodkeot only the
differentiation but also the increased protein lexfeC/EBPs and PU.1. It meant that
MEK/ERK signal pathway positively regulated the dmned treatment-induced
differentiation by modulating the protein level &U.1, C/EBP and C/EBF:.
Furthermore, RAF-1 was activated much earlier thélBK phosphorylation and
inhibition of RAF-1 activation suppressed the MERK activation, differentiation as
well as the enhanced protein level of C/EBPs and.1PUThus, the
combination-induced differentiation was via RAF-HEKVERK-mediated modulation
of the protein level of C/EBR C/EBR: and PU.1The exact mechanisms of how
RAF-1/MEK/ERK regulated their expression level rémsato be elucidated. Since
activated ERK translocates from cytoplasm to nuglet might modulate the
expression or the activity of several transcriptiactors by phosphorylation. Indeed,
accumulating evidence showed that MEK/ERK signalpsghway could promote
C/EBRB expression and modify the activity of C/HBBnd PU.1 (Lee et al., 2010; Lu
et al., 2013; Murakami et al., 2011). MoreoverAirRA-treated APL cells, C/EBP
could induce the expression of C/EB&hd PU.1(Duprez et al., 2003; Mueller et al.,
2006). PU.1 could also directly activate the traipsion of C/EBR (Yoshida et al.,
2007). Hence, there might be MEK-C/HBE/EBF, MEK-PU.1-C/EBR or
MEK-C/EBPB3-PU.1-C/EBR cascade in the combination-induced differentiation

In further study, NB4-R1 and NB4-R2 cells were shdw have basal activity of
Ras and dasatinib or/and ATRA treatment did noteanh its activity. Attenuation of

the Ras activity by FTS neither suppressed thevatain of MEK nor inhibited

22



differentiation. Therefore, Ras might not be inemvin the combined treatment
induced differentiation and the activation of MEK. other words, the combined
treatment induced differentiation was via Ras-irmegent RAF-1/MEK/ERK
pathway. Similar to dasatinib, another SFK inhibieP2 was demonstrated to
enhance phorbol myristate acetate ang®DHnduced activation of RAF-1 in Ras
independent manner (Lee et al., 2004).

Dasatinib, a tyrosine kinase inhibitor which alsogets to SFK, did suppress
SFK activity in NB4-R1 and NB4-R2 cells 3 hours lesrthan RAF-1 activation.
Further study proved that Lyn was the prominenivatdd SFK which was inhibited
by dasatinib in these two cell lines. Lyn was destied to function as a negative
regulator of myelopoiesis (Harder et al., 2004)n” granulocyte precursors showed
obvious hyperresponsiveness to G-CSF via increBsdd activation(Mermel et al.,
2006). It is similar to our observation that dasatiovercome ATRA resistance
through RAF-1/MEK/ERK activation accompanied by thhibition of Lyn activity.

It indicated that the inhibition of Lyn activity gint link to the activation of RAF-1,
that is, Lyn might negatively regulate RAF actieati However, there was no detailed
mechanism of the negative role of Lyn in G-CSFwattd ERK inLyn”" granulocyte
precursors. Then, we first focused on certain negaegulators of RAF-1 which are
activated by SFK. RAF-1 kinase inhibitor proteid-3-3, Sprouty 2 and Sprouty 4
are by far the known negative modifiers in RAF-Ingbex (Lavoie and Therrien,
2015). Among them, only Sprouty 2 is activated tigto tyrosine phosphorylation by

a Src-like kinase and leads to consequent suppressi RAF-1 activation through
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sequestering RAF-1 or Grb2 (Lavoie and Therried,5220However, we did not detect
tyrosine phosphorylation of Sprouty 2 with any treent in both cell lines (data not
shown). Hence, Sprouty 2 was not activated and imigit be involved in the
regulation of RAF-1 activity by Lyn in our model.eXt, inhibitory sites of RAF-1
which are positively regulated by Lyn were taketoinonsideration. Phosphorylation
of S43, S233, S259, S289, S296 and S301 mediatephnession of RAF-1 activity
(Lavoie and Therrien, 2015). Interestingly, PP2A¢ @f the phosphotases responsible
of S259 dephosphorylation resulting in initiatinget RAF-1 activation, can be
inhibited by Lyn through phosphorylation of Y307 time catalytic subunit (Zonta et
al.,, 2015). Therefore, suppression of Lyn mightease PP2A inhibition by
dephosphorylation, lead to dephosphorylation of RMB259 and initiation of RAF-1
activation. Our further study showed that the coratlitreatment really decreased the
phosphorylation of RAF-1 at S259 but not Y307 ie ttatalytic subunit of PP2A.
Okadaic acid, the antagonist of PP2A could not meg®p the combined
treatment-induced differentiation. Moreover, SFHKuibitor, PP2 really suppressed
Lyn activity and mimicked the effect of dasatinib ATRA-induced differentiation as
well as dephosphorylation of RAF-1 at S259. Thuswas suggested that Lyn
inhibition might trigger the dephosphorylation oAR at S259 so that lead to the
activation of RAF-1 and differentiation. It alsadinated that Lyn inhibition mediated
dephosphorylation of RAF S259 was not by PP2A. @emiled mechanism of Lyn
inhibition resulting in dephosphorylation of RAF 8259 remains to be further

investigated. Consistent with our results, Lyn Kadmwvn was confirmed to decrease
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phosphorylation of RAF-1 at S259 in HL-60 cells, iwhdasatinib also promoted
ATRA-triggered differentiation in this cell line @gleton et al., 2012).
5. Conclusions

Dasatinib, the medicine currently used for CML dplagt- ALL therapy could
synergize with ATRA to trigger terminal granuloeytdifferentiation in ATRA
resistant APL cell lines. The detailed mechanisrasavillustrated in Figure 9. Briefly,
Lyn might inhibit RAF-1 activity by Ser 259 phospitation. Dasatinib could release
RAF-1 inhibition by suppressing Lyn. With the adldlit of ATRA, the combination
dephosphorylated RAF-1 at Ser259 and activated RABYy Tyr 340/341
phosphorylation. Subsequently, RAF-1 downstreangetar MEK and ERK were
activated. Finally, the enhancing protein levelsGJEBPs and PU.1 modulated by
ERK resulted in differentiation. These findings ftigprovide potential therapy
approach for ATRA resistant APL patients and alaggest Lyn as the target to
overcome ATRA resistance.
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Figure Legends

Figure 1 Effects of combined treatment on cell growth, cell cycle distribution and
differentiation. Cell growth of NB4-R1 (a) and NB4-R2 (b) was cé#dted as
mentioned in methods. NB4-R1 cells were treateth @iguM (0.5D), 1uM dasatinib
(1D), IuM ATRA (RA) and in combination for 4 days while NB2 cells were
treated with tM (1D), 2uM dasatinib (2D), M ATRA (RA) and in combination for
3 days. One representative experiment was shbBach value represented the mean +
SD of triplicate samples. Similar results were oi#d in three independent
experiments. Cell cycle distribution of NB4-R1 ér)d NB4-R2 cells (d) treated with
dasatinib or/and ATRA for 48 hours. The percentage$0/G1l phase cells were
shown in the corresponding panels. Results wergeseptative among three
independent experiments. Representative morpholagatysis of NB4-R1 (e) and
NB4-R2 cells (f) treated with the indicated drugs 72 hours. Similar results were
obtained in three independent experiments. Diffeméon was also evaluated by
NBT reduction assay (g, h) and flow cytometric geel of CD11b expression (i, j) in
NB4-R1 (g, i) and NB4-R2 cells (h, j) with the ikdied treatment for 72 hours. For
NBT reduction assay, one representative experimgas shown. Each value
represented the mean + SD of triplicate sample®il&i results were obtained in
three independent experiments. For flow cytomednalysis of CD11b expression,
each value represented the mean + SD of three émdiemt measurementd2<0.05,

** P<0.01, ***P<0.001 versus DMSO treated cells. #B#0.001, versus ATRA
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treated cells. &&&P<0.001, as compared with 0.5D+RA in NB4-R1 cellslbrRA

in NB4-R2 cells. The representative histogram oWwflcytometric analysis of CD11b
expression in NB4-R1 (k) and NB4-R2 cells (I) wttie indicated treatment for 72
hours were also shown. The percentages of CD1litiygosells were shown in the
corresponding panels.

Figure 2 The combined treatment modulated the protein level of C/EBP,
C/EBPg, PU.1 and activated MEK/ERK cascade. Except tle Western blot analysis
of PML-RARq, cells were treated with dasatinib (D), ATRA (RAJone and in
combination (D+RA) for 24 hours. For Western blogbsis of PML-RARY, cells
were treated with the indicated drugs for 72 holiltee same membrane incubated
with the phosphorylated Erk1/2 or MEK1/2 was steég@and followed by detection of
MEK and ERK1/2. The expression @factin was assessed as internal control. Similar
results were obtained in three independent expeatsne

Figure 3 MEK inhibition blocked differentiation and restored the protein levels

of C/EBPs as well as PU.1. Cells were exposed tqu U0126 for 1 hour prior to
other treatment. The attenuation of MEK activatipnU0126 (U) was measured by
Western blot analysis of phosphorylated ERK1/2 BY4NR1 (a) and NB4-R2 cells (b)
with indicated treatments for 24 hours. The samenbrane incubated with the
phosphorylated Erk1/2 was stripped and followeddbtection of ERK1/2. Similar
results were obtained in three independent expetsnénhibitory effect of U0126 on
morphologic changes in NB4-R1 (c) and NB4-R2 cét$ incubated with the

indicated drugs for 72 hours. One representatipeement among three independent
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assays was shown. The inhibitory effect of U0126 differentiation was also
confirmed by NBT reduction assay (e) and flow cysbme analysis of CD11b
expression (f) with the indicated drugs for 72 soufor NBT reduction assay, one
representative experiment was shown. Each valuesepted the mean + SD of
triplicate samples. Similar results were obtainedhree independent experiments.
For flow cytometric analysis of CD11b expressiceclevalue represented the mean +
SD of three independent measurements. #%0.001 versus D+RA. The
representative histograms of flow cytometric analysf CD11lb expression in
NB4-R1 (g) and NB4-R2 cells (h) with the indicatédigs for 72 hours were also
shown. The percentages of CD11b positive cells vgbievn in the corresponding
panels. The protein level of C/EBPC/EBR and PU.1 in NB4-R1 (i) and NB4-R2 (j)
cells with the indicated drugs for 24 hours wasdatned by Western blot analysis.
Expression of3-actin was assessed as internal control. Simikult® were obtained
in three independent experiments.

Figure 4 The activation of MEK/ERK signaling pathway and the combined
treatment-induced differentiation were dependent on RAF-1. RAF-1 activation
was evaluated by the phosphorylation of RAF-1 aB$®& Tyr340 and 341 with the
indicated treatments for 6 hours in NB4-R1 (a) &i#-R2 cells (b). Expression of
-actin was assessed as internal control. Similault® were obtained in three
independent experiments. NB4-R1 and NB4-R2 celleevpeetreated with M and
2uM sorafenib tosylate (SORA) for 1 hour respectiv@lfrze attenuation of RAF-1

activation by SORA was measured by phosphorylat&KMnd ERK1/2 with the
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indicated treatments for 24 hours in NB4-R1 (c) alig#}-R2 cells (d). Expression of
B-actin was assessed as internal control. Similault® were obtained in three
independent experiments. The effect of SORA ondbmbined treatment-induced
differentiation for 72 hours was observed by motpb@ changes in NB4-R1 (e) and
NB4-R2 cells (f). One representative experiment rgnibiree independent assays was
shown. The inhibitory effect of SORA on differertittan was also confirmed by NBT
reduction assay (g) and flow cytometric analysi<C8f11b expression (h). For NBT
reduction assay, one representative experimensh@sn. Each value represented the
mean * SD of triplicate samples. Similar resultgevebtained in three independent
experiments. For flow cytometric analysis of CDl1&xpression, each value
represented the mean + SD of three independentumeasnts. ###<0.001 versus
D+RA. The representative histograms of flow cytamsetanalysis of CD11b
expression in NB4-R1 (i) and NB4-R2 cells (j) witie indicated drugs for 72 hours
were also shown. The percentages of CD11b positels were shown in the
corresponding panels. The effect of SORA on theliped treatment modulated
protein level of C/EBPs and PU.1 was measured bgt&kie blot analysis with the
indicated treatments for 24 hours in NB4-R1 (k) &i#4-R2 cells (I). Expression of
B-actin was assessed as internal control. Similault® were obtained in three
independent experiments.

Figure 5 Ras was not required for the combined treatment-induced
differentiation and the activation of MEK/ERK cascade. Ras activation was

evaluated with the indicated treatment for 3 hoAtive GTP-bound Ras was pulled
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down by a GST fusion protein containing the humaas Pbinding domain of
RAF-1(GST-RAF-1-RBD) and immunoblotted with antisRantibody. Equal amount
of Ras in the extracts were verified by immunolihgitan aliquot of the total cell
lysate taken before pull down (a). Similar reswtre obtained in three independent
experiments. Pretreated withi 3@ salirasib (FTS) for 1 hour, the inhibitory effeaft
FTS on Ras activation was measured in both ceslimith the indicated treatment for
24 hours (b). The effect of FTS on the activatibiM&K was evaluated by Western
blot analysis of phosphorylated MEK with the indexh treatments for 24 hours in
NB4-R1 (c) and NB4-R2 cells (d). Expression [Bhctin was assessed as internal
control. Similar results were obtained in threeejpeindent experiments. Pretreated
with FTS for 1 hour, the effect of FTS on the conda treatment-induced
differentiation for 72 hours was observed by motpb@ changes in NB4-R1 (e) and
NB4-R2 cells (f). One representative experiment rgnibiree independent assays was
shown. The effect of FTS on differentiation wasoat®nfirmed by NBT reduction
assay (g) and flow cytometric analysis of CD11bregpion (h). For NBT reduction
assay, one representative experiment was showi. \Edige represented the mean +
SD of triplicate samples. Similar results were oi#d in three independent
experiments. For flow cytometric analysis of CDIl1&xpression, each value
represented the mean = SD of three independentumeasnts. The representative
histograms of flow cytometric analysis of CD11b eegsion in NB4-R1 (i) and
NB4-R2 cells (j) with the indicated drugs for 72un® were also shown. The

percentages of CD11b positive cells were showherncorresponding panels.

41



Figure 6 Dasatinib inhibited the activity of Lyn, the major activated SFK in
NB4-R1 and NB4-R2 cells. (a) The activation of SFK was assessed by Westein b
analysis of phospho-Src Y416 in the lysates fromiNB and NB4-RzZ2ells with the
indicated treatments for 3 hours (left panel). §aene membrane incubated with the
phospho-Src Y416 was stripped and followed by detecof Lyn (right panel).
Molecular weights in kDa were shown in the middipression off3-actin was
assessed as internal control. Similar results wdrined in three independent
experiments. (b) Aliquot of cell lysates (inputprin NB4-R1 and NB4-R2 cells with
the indicated treatment for 3 hours as well as#ielysates from NB4 untreated cells
were immunoblotted with anti-p-Src Y416. The samambrane incubated with the
phospho-Src Y416 was stripped and followed by detecof Lyn. Expression of
[-actin was assessed as internal control (upper)pdree remainder of cell lysates
was immunoprecipitated with Lyn antibody. ATRA-tred cell lysates from NB4-R1
and NB4-R2 cells were also subjected to immunopition with control 1gG
antibody. After immunoprecipitation of Lyn, the inwmoprecipitate pellets and the
immunodepleted supernant were subjected to immottoig with anti-p-Src Y416.
The same membrane incubated with the phospho-St6é Wés stripped and followed
by detection of Lyn (middle and lower panel). Semitesults were obtained in three
independent experiments.

Figure 7 The combined treatment dephosphorylated RAF-1 S259 but not PP2A.
The phosphorylation of RAF-1 S259 and PP2A Y307evessessed by Western blot

in the lysates from NB4-R1 (a) and NB4-R2 ¢b)ls with the indicated treatments for
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3 hours. The same membrane incubated with the p(8&E59) or p-PP2A(Y307)
was stripped and followed by detection of RAF-1P&2A catalytic unit. Expression
of B-actin was assessed as internal control. Similaunlt® were obtained in three
independent experiments. Pretreated with 5nM okadaid (OA) for 1 hour, the
effect of okadaic acid on the combined treatmeduaed differentiation for 72 hours
was observed by morphologic changes in NB4-R1 (o) WB4-R2 cells (d). One
representative experiment among three independsatys was shown. The effect of
okadaic acid on differentiation was also confirnmmd flow cytometric analysis of
CD11b expression. The representative histogramfloaf cytometric analysis of
CD11b expression in NB4-R1 (e) and NB4-R2 cellsw(ith the indicated drugs for
72 hours were also shown. The percentages of Cpashive cells were shown in
the corresponding panels.

Figure 8 SFK inhibitor, PP2 mimicked the effect of dasatinib. The
phosphorylation of RAF-1 S259 and Src family Y4l1léreassessed by Western blot
in the lysates from NB4-R1 (a) and NB4-R2 ¢B)Is with JuM ATRA and/or 10 mM
PP2 for 3 hours. The same membrane incubated WwihptSrc family (Y416) or
p-RAF(Ser259) was stripped and followed by detectbLyn or RAF-1. Expression
of B-actin was assessed as internal control. Similaunlt® were obtained in three
independent experiments. Cells were treated witii ATRA and/or 10 mM PP2 for
72 hours. Representative morphologic analysis ofHRR (c) and NB4-R2 cells (d)
was shown. Differentiation was also evaluated byTNBduction assay (e) and flow

cytometric analysis of CD11b expression (f) witk thdicated treatment for 72 hours.
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For NBT reduction assay, one representative exgerimvas shown. Each value
represented the mean + SD of triplicate sample®il&i results were obtained in
three independent experiments. For flow cytomednalysis of CD11b expression,
each value represented the mean + SD of three emdemt measurements.
*** P<0.001 versus DMSO treated cells. ###0.001, versus ATRA treated cells. The
representative histogram of flow cytometric anaysi CD11b expression in NB4-R1
(g) and NB4-R2 cells (h) with the indicated treattnfor 72 hours were also shown.
The percentages of CD11b positive cells were shawine corresponding panels.
Figure 9 Schematic diagram of the mechanisms of the combined treatment
induced differentiation. Dasatinib initiated RAF-1 activation by inhibitiasf Lyn,
the kinase related to the phosphorylation of RA&Ber 259. With the addition of
ATRA, RAF-1 Ser259 was dephosphorylated and a&d/aby Tyr340/341
phosphorylation resulting in downstream MEK/ERK iaaion. Activated ERK

enhanced the protein levels of C/EBPs and PU.lexhtb differentiation.
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Dasatinib and ATRA triggered differentiation in ATRA resistant APL cell lines.
The combination induced differentiation via Ras independent RAF-1/MEK/ERK.
Dasatinib suppressed Lyn activity, the predominant activated SFK in both cell
lines.

RAF-1 was activated by Lyn inhibition-mediated dephosphorylation of S259.



