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Abstract

The acute promyelocytic leukemia (APL) has been treated with all-trans retinoic acid (RA) for 

decades. While RA has largely been ineffective in non-APL AML subtypes, co-treatments 

combining RA and other agents are currently in clinical trials. Using the RA-responsive non-APL 

AML cell line HL-60, we tested the efficacy of the Src family kinase (SFK) inhibitor bosutinib on 

RA-induced differentiation. HL-60 has been recently shown to bear fidelity to a subtype of AML 

that respond to RA. We found that co-treatment with RA and bosutinib enhanced differentiation 

evidenced by increased CD11b expression, G1/G0 cell cycle arrest, and respiratory burst. 

Expression of the SFK members Fgr and Lyn was enhanced, while SFK activation was inhibited. 

Phosphorylation of several sites of c-Raf was increased and expression of AhR and p85 PI3K was 

enhanced. Expression of c-Cbl and mTOR was decreased. Our study suggests that SFK inhibition 

enhances RA-induced differentiation and may have therapeutic value in non-APL AML.
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Introduction

Acute myeloid leukemia (AML), the most common form of acute leukemia in adults, is 

characterized by defective differentiation and excessive accumulation of proliferatively 

active progenitor cells in bone marrow and blood [1,2]. The acute promyelocytic leukemia 

(APL) subtype of AML is characterized by a t(15,17) cytogenetic marker resulting in the 

CONTACT: Andrew Yen, ay13@cornell.edu, Cornell University College of Veterinary Medicine, Biomedical Sciences, Ithaca, NY 
14853-6401, USA.
*These authors contributed equally to this work.

Supplemental data for this article can be accessed here.

Disclaimers
The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of 
Health.

Potential conflict of interest: Disclosure forms provided by the authors are available with the full text of this article online at https://
doi.org/10.1080/10428194.2018.1452213.

HHS Public Access
Author manuscript
Leuk Lymphoma. Author manuscript; available in PMC 2019 December 01.

Published in final edited form as:
Leuk Lymphoma. 2018 December ; 59(12): 2941–2951. doi:10.1080/10428194.2018.1452213.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://doi.org/10.1080/10428194.2018.1452213
https://doi.org/10.1080/10428194.2018.1452213
https://doi.org/10.1080/10428194.2018.1452213


PML-RARα fusion protein seminal to a block of leukocyte differentiation at the 

promyelocyte stage and accounts for approximately 10–15% of all AML cases [3,4]. Once 

considered one of the most lethal forms of acute leukemia, the advent of all trans-retinoic 

acid (RA) and arsenic trioxide therapy has revolutionized treatment of APL [4]. Now, APL 

is characterized by complete remission rates of 90% and cure rates of around 80% [5].

While RA is effective in treating APL, it is not effective in treating other subtypes of AML. 

Moreover, many APL patients who initially respond to RA treatment relapse; subsequent 

RA treatment is ineffective due to RA-resistance [6,7]. It is therefore of great interest to 

combine RA with other agents, such as other differentiation-inducing compounds or kinase 

inhibitors, in order to promote RA-induced differentiation of APL as well as non-APL AML 

[8,9].

Src family kinases (SFKs) are a group of enzymes that are important in leukemia cell 

proliferation, survival, adhesion, and differentiation [2]. SFKs have been shown to positively 

regulate MAPK signaling, cell proliferation, and contribute to cell transformation [10].

SFKs are overexpressed in many cancer types and are typically associated with acute and 

chronic myeloid malignancies and metastasis [11]. Lyn has been found to be the primary 

active SFK expressed in AML cells [12,13]. However, in the RA-responsive non-APL AML 

cell line, patient derived HL-60 cells, expression of both Lyn and Fgr, the only SFKs we 

detected in these cells, are upregulated following RA treatment leading to differentiation 

[14–16]. SFK inhibition has been effective in slowing leukemic cell growth [17]. It is 

therefore of interest to determine the impact of SFK expression and activity on RA-induced 

differentiation therapy.

SFK inhibitors PP2 and dasatinib have been reported to enhance RA-induced differentiation 

[13,14,18,19]. However, some reports demonstrate that SFKs themselves positively regulate 

RA-induced differentiation [15,16].

It is ergo unclear what role SFKs themselves have in regulating RA-induced differentiation. 

One focus of interest is the impact of SFK inhibitors on the mitogen-activated protein kinase 

(MAPK) pathway, where different signaling/phosphorylation signatures on the same 

targeted signaling molecules can cause different outcomes. Defining these signatures is 

important to understanding the differential signaling attributes that might be exploited for 

therapeutic intervention. RA has been found to elicit MAPK pathway activation necessary 

for HL-60 cell differentiation and growth arrest [20]. PP2 and dasatinib co-treatments with 

RA were found to affect the rapidly accelerated fibrosarcoma (Raf)/mitogen-activated 

protein kinase kinase (MEK)/extracellular-signal-regulated kinase (ERK) axis by 

upregulating c-Raf pS259 while not impacting MEK or ERK expression or phosphorylation 

[14]. The results are somewhat counter-intuitive, but suggest signaling events that are of 

importance to inducing differentiation of the leukemic cells. They motivate interest in 

signaling that drives differentiation and in particular, they motivate targeting SFKs to probe 

for signaling attributes driving differentiation.

Bosutinib is a second-generation SFK inhibitor that has been used clinically to treat phases 

of intolerant or resistant Philadelphia chromosome (t(19,21)/Bcr-Abl) – positive chronic 
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myeloid leukemias (CML) that do not harbor the T315I or V299LABL kinase domain 

mutations [21]. Bosutinib treatment has been studied extensively in CML, but its effects on 

AML have not been well characterized. Additionally, although the effects of SFK inhibition 

on APL and AML have been widely reported using PP2, the drug is for research use only; 

dasatinib has also been studied, but has a worse toxicity profile than that of bosutinib [22]. 

Studies to characterize the effects of bosutinib are therefore warranted; bosutinib’s clinical 

usage to treat CML and benign toxicity profile make it an attractive candidate for 

combination treatment of AML [21,23]. We recently reported that certain AML primary 

cells responded favorably following co-treatment with RA and bosutinib and that the HL-60 

cell line may represent an RA-responsive non-APL AML subtype [9]. Significantly, 

bosutinib is already in clinical use for CML and this potential off-label application to 

differentiation therapy could accelerate its deployment in AML.

In the present study, we examined the effects of RA/bosutinib co-treatments on HL-60 cells 

to determine the effects of bosutinib on HL-60 differentiation and the MAPK and 

mammalian target of rapamycin (mTOR) pathways. We found that RA/bosutinib enhanced 

RA-induced expression of the differentiation marker CD11b at 48 and 72 h and G1/G0 arrest 

at 48 h. Induced oxidative metabolism and associated marker p47phox, a component of the 

NADPH oxidative metabolism machine, were also enhanced with RA/bosutinib compared to 

RA. With RA/bosutinib treatment, SFK members Fgr and Lyn saw an increase in 

expression, while pan-SFK activation decreased. Bosutinib also enhanced RA-induced c-Raf 

phosphorylation at S259, S621, and the C-terminal domain and decreased expression of c-

Cbl and mTOR compared to RA alone. Bosutinib enhanced RA-induced expression of AhR 

and p85 PI3K. Hence bosutinib affected several known key signaling molecule regulators of 

RA-induced leukemic cell differentiation. Combined RA/bosutinib therapy may thus be 

useful in differentiation therapy for AML.

Materials and methods

Cell culture and treatments

Reagents, unless specified otherwise, were purchased from commercial suppliers in the 

highest purity available. HL-60 human myeloblastic leukemia cells derived from the original 

patient isolates, was a generous gift of Dr. Robert Gallagher, which were maintained in his 

laboratory in Roswell Park Memorial Institute medium (RPMI) 1640 supplemented with 5% 

heat inactivated fetal bovine serum (GE Healthcare, Chicago, IL) and 1 × antibiotic/

antimycotic (Thermo Fisher Scientific, Waltham, MA) in a 5% carbon dioxide humidified 

atmosphere at 37 °C. The cells used were certified as mycoplasma free HL-60 by Bio-

Synthesis, Lewisville, TX, in August 2017. Viability was monitored by 0.2% Trypan Blue 

(Invitrogen, Carlsbad, CA) exclusion and routinely exceeded 95%. Experimental cultures 

were initiated at a density of 0.1 × 106 cells/mL.

There were three treatment regimens studied: (1) untreated, (2) RA, and (3) RA/bosutinib. 

All-trans retinoic acid (RA) (Sigma, St. Louis, MO) was added from a 5 mM stock solution 

in 100% ethanol to a final concentration of 1 μM in culture. Bosutinib (Sigma) was used 

from a stock of 5 mM in Dimethyl sulfoxide (DMSO; Sigma) to make the final 

concentrations in culture indicated.

MacDonald et al. Page 3

Leuk Lymphoma. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Flow cytometric phenotypic analysis

Immunostaining for CD11b and CD38 was performed as previously described and was 

analyzed using a Becton Dickinson LSR II flow cytometer (Franklin Lakes, NJ). Gating was 

set to exclude 95% of the untreated wild-type HL-60 samples. Propidium iodide (PI) cell 

cycle analysis was performed as previously described [24,25].

Respiratory burst quantification

Respiratory burst quantification was performed as previously described [25] and analyzed 

using a Becton Dickinson LSR II flow cytometer. Gating was set to exclude 95% of the 

DMSO-treated samples. The shift in fluorescence intensity in response to 12-O-

tetradecanoylphorbol-13-acetate (TPA) was used to determine the percent cells with the 

capability to generate inducible oxidative metabolites.

Antibodies

CD38 and CD11b for flow cytometry were from Becton Dickinson (Franklin Lakes, NJ). 

Lyn, Fgr, pY416-SFK, AhR, p47phox, mTOR, c-Raf pS259, c-Raf pS621, c-Raf 

pS289/296/301(c-Raf pC-terminal domain), glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH), horseradish peroxidase anti-mouse, and anti-rabbit antibodies were from Cell 

Signaling (Danvers, MA). Total c-Raf was from Becton Dickinson. c-Cbl (C-15) and AhR 

(H211) were from Santa Cruz Biotechnology (Santa Cruz, CA).

Western blot analysis

Cells were pelleted, washed twice with PBS, and lysed with ice cold mammalian protein 

extraction reagent (Pierce, Rockford, IL) with protease and phosphatase inhibitor cocktails 

(Sigma, St. Louis, MO). Samples were incubated overnight at −80 °C and debris was 

pelleted. Protein concentration was determined using the Pierce BCA Protein Assay(Thermo 

Fisher Scientific Co., Waltham, MA) according to the manufacturer’s protocol. Lysate was 

subjected to standard sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-

PAGE)., using 25 μg of lysate per lane under denaturing conditions. Membranes were 

blocked with 5% dry nonfat milk in phosphate buffer saline (PBS) and were probed with 

antibodies described above. Enhanced chemiluminescence reagent (GE Healthcare, 

Pittsburg, PA) was used for detection. Films were scanned and bands of interest were 

quantified using ImageJ (NIH, Bethesda, Maryland).

Statistical analysis

Statistics were analyzed using Microsoft Excel. Means of treatment groups of interest were 

compared using two-tailed paired-sample t-tests. The data represent the means of three 

repeats ± standard error of the mean (SEM). A p value of <.05 was considered significant.

Results

RA/bosutinib enhances CD11b and G1/G0 arrest

We first determined the effect of bosutinib on RA-induced differentiation in HL-60 cells by 

comparing differentiation markers of cells treated with RA alone or in combination with 
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bosutinib (RA/B) over a 72 h treatment period: we assessed CD38 and CD11b expression, 

G1/G0 cell cycle arrest, and population growth. We chose to use 0.25 μM bosutinib based on 

an initial dose-response experiment, included in the supplementary information 

(Supplementary Figures S1 and S2). It is the lowest dose that yields significant increases 

compared to control; i.e. the lowest observable effect level (LOEL). A previous study also 

found that this dosage of bosutinib inhibited cancer cell migration and invasion [26]. The 

dose chosen elicited no detectable toxicity or significant phenotypic shift by itself.

We measured expression of two cell surface markers, CD38 and CD11b, using flow 

cytometry. CD38 expression was nearly 100% in both RA and RA/bosutinib treated cells at 

24, 48, and 72 h, respectively (Figure (A)). CD38 mean expression per cell also yielded no 

difference between RA and RA/bosutinib at the three time points (Figure 1(B)). We 

measured CD11b, a differentiation marker of RA-induced differentiation, at 48 and 72 h. 

RA/bosutinib significantly increases CD11b expression at 48and 72 h (Figure (C)). Mean 

expression per cell of CD11b also showed a significant increase with RA/bosutinib 

treatment at 48 h (Figure (D)).

At 48 h but not 72 h, RA/bosutinib showed significant enhancement of G1/G0 arrest 

compared to RA alone (Figure (E)). Addition of bosutinib to the cells did not result in any 

apparent toxicity compared to RA, as both RA/bosutinib and RA treatments yield similar 

cell growth patterns over the 72 h treatment period (Figure (F)). Both RA and RA/bosutinib 

induce growth retardation compared to untreated cells (Figure 1(F)).

RA/bosutinib increases RA-induced respiratory burst activity

To determine the effects of RA/bosutinib on a functional differentiation markerand 

respiratory burst, we measured inducible reactive oxygen species production (ROS) by flow 

cytometry at 72 h. RA caused an increase in ROS compared to untreated cells and RA/

bosutinib treated cells show a significant further increase in oxidative metabolism compared 

to RA alone (Figure 2(A)).

To corroborate the ROS assay, we also measured expression of a subunit of the NADPH 

oxidase complex that produces the respiratory burst, p47phox [27,28]. After a 48 h treatment 

period, we collected cell lysate and performed western blots for p47phox (Figure 2(B)). 

Expression was greater in both RA and RA/bosutinib compared to untreated cells and RA/

bosutinib further enhanced p47phox levels compared to RA alone (Figure 2(B)). GAPDH 

was used as a loading control (Figure 2(C)).

RA/bosutinib increases RA-induced SFK expression, but decreases SFK activation

As bosutinib is an SFK inhibitor and the SFK members Fgr and Lyn have been shown to be 

upregulated by RA treatment in HL-60 cells [3,26,28], we assessed levels and 

phosphorylation of these members by Western blot. Since Fgr and Lyn are the primary SFK 

members that are upregulated (i.e. Fgr, Lyn) or activated (i.e. Lyn) in response to RA 

treatment in AML, we did not probe for other members [12–16]. We collected lysate 

following a 48 h treatment period. Both RA and RA/bosutinib increased Fgr and Lyn levels 

compared to untreated cells and RA/bosutinib induced further increases of Fgr and Lyn 

levels compared to RA alone (Figure 3(A,B)).
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We measured SFK activation using a pan-SFK anti-body that detects active site (Y416) 

phosphorylation in all family members, including Fgr and Lyn. While treatment with RA 

and RA/bosutinib both caused increases in SFK phosphorylation compared to untreated 

cells, treatment with RA/bosutinib decreased SFK phosphorylation compared to RA alone 

(Figure 3(A–C)). GAPDH was used as a loading control (Figure 3(D)).

RA/bosutinib augments RA-induced c-Raf phosphorylation

We also examined phosphorylation of several sites of c-Raf previously shown to drive RA-

induced differentiation[29]. Since SFKs can regulate MAPK signaling, we analyzed the 

effect of bosutinib on RA-induced c-Raf activation. We evaluated the phosphorylation status 

of c-Raf regulatory phosphorylation’s at S259, S621 and the c-Raf C-terminal domain by 

western blot following a 48 h treatment period. RA increases the amount of c-Raf pS259, c-

Raf pS621, and c-Raf pC-terminal domain. We observed modest enhancements of levels of 

each of these in cells treated with RA/bosutinib compared to RA alone (Figure 4(A–C)). 

Total c-Raf levels were modestly increased with both RA and RA/bosutinib treatment 

(Figure 4(D)). GAPDH was used as a loading control (Figure 4(E)).

RA/bosutinib inhibits c-Cbl and mTOR expression, and enhances AhR and p85 PI3K 
expression

We next assessed levels of several proteins associated with RA-induced differentiation, AhR, 

c-Cbl, and p85 PI3K, as well as one known to be aberrantly activated in AML, mTOR 

[8,24,30,31]. After a 48 h treatment period, we collected cell lysate and analyzed expression 

of these proteins via Western blot. C-Cbl expression was upregulated in cells treated with 

RA and RA/bosutinib, but RA/bosutinib inhibited c-Cbl expression compared to cells treated 

with RA alone (Figure 5(A)). mTOR expression followed a similar pattern (Figure 5(B)). 

AhR and p85 PI3K levels, however, were further upregulated in RA/bosutinib-treated cells 

compared to RA-treated cells (Figure 5(C, D)). GAPDH was used as a loading control 

(Figure 5(E)).

Discussion

We sought to provide an initial characterization of the effects of treatment with bosutinib on 

RA-induced differentiation of HL-60 cells in order to explore its potential therapeutic value 

in non-APL AML. We recently reported that the HL-60 cell line bears fidelity to a 

previously undefined RA-responsive, non-APL subtype of AML [9]. Here, we observed that 

RA/bosutinib treatment enhanced several myeloid lineage differentiation markers compared 

with RA treatment alone: CD11b expression, G1/G0 cell cycle arrest, and respiratory burst, a 

functional marker of mature myeloid series cells [28]. Expression of CD38, an early marker 

of RA-induced differentiation, was not affected by the addition of bosutinib. Recent reports 

from our laboratory, however, suggest that CD38 may not be necessary for the 

differentiation process, although it can enhance it [9,21,32].

Since addition of bosutinib enhanced phenotypic and functional markers of RA-induced 

differentiation, we explored its effects on activation of the key signaling protein c-Raf. Cells 

treated with RA/bosutinib displayed increased phosphorylated c-Raf levels. The particular 
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phosphorylation sites assayed, S259, S621, and the C-terminal domain, are all associated 

with active c-Raf in HL-60 cells and thus drive RA-induced differentiation [29]. The 

Western blotting results are consistent with our phenotypic results and previous findings that 

RA co-treatments with PP2 or dasatinib also increased c-Raf phosphorylation, namely c-Raf 

pS259 and c-Raf pS621, in HL-60 cells [14]. These findings are congruous with the notion 

that c-Raf is a downstream target of SFK inhibitors like bosutinib.

Given that bosutinib is a SFK inhibitor, we assessed its effects on the two prominent SFK 

members expressed in RA-treated HL-60 cells, Fgr and Lyn, the primary active SFK 

expressed in AML cells [12–16]. As anticipated, we saw that RA/bosutinib treatment 

decreased levels of phosphorylated Y416, a mark of activated SFKs. We did, however, 

observe increased levels of Fgr and Lyn in RA/bosutinib compared to RA alone; increase in 

expression could perhaps be an attempt to compensate for the inhibited activity of the 

proteins. These results are consistent with previous findings with RA/dasatinib co-treatments 

[14]. Dasatinib, like bosutinib, is a second generation SFK inhibitor that is used clinically to 

treat CML. Bosutinib, however, may be more interesting as a potential therapeutic 

intervention in AML because it has a lower toxicity profile compared to dasatinib; it is used 

in patients with CML who have shown intolerance to dasatinib [22].

c-Cbl interacts with CD38 to promote RA-induced differentiation and G1/G0 arrest of HL-60 

cells [30]. As previously reported, c-Cbl expression is upregulated by RA treatment; RA/

bosutinib treatment partially inhibits RA-induced upregulation. Since c-Cbl expression has 

been shown to drive RA-induced differentiation, this is surprising, but it is possible that 

bosutinib drives RA-induced differentiation via other pathways such as c-Raf activation.

The mTOR/p70S6K/4EBP1 pathway, a driver of cellular anabolism/metabolism, is 

constitutively activated in AML cells, leading to increased cell proliferation and inhibition of 

differentiation [26]. mTOR is thought to be downstream of the pathways implicated above to 

regulate differentiation. Dasatinib inactivates the mTOR pathway, correlating with an 

improvement in cell survival in the AML-derived cell line PVTL-1 [33]. Lyn is hypothesized 

to serve as the intermediary; Lyn stimulates mTOR expression, and is inhibited by dasatinib 

[33]. Lending credence to this, silencing Lyn was found to inhibit the mTOR pathway in 

primary AML cells, and PP2 mimics rapamycin, a selective inhibitor of mTOR [12].

To our knowledge, the effects of SFK inhibitors on the mTOR pathway in APL are 

unknown. It was hence of interest to determine if bosutinib has an inhibitory effect on 

mTOR in an RA-responsive AML cell line as found in other forms of AML. Both RA and 

RA/bosutinib induced greater mTOR expression compared to untreated cells, however, RA/

bosutinib decreased mTOR expression compared to RA (Figure 5(B)). It appears that a 

decrease in the activated SFKs yields an inhibitory effect on the mTOR pathway in RA-

treated cells. This inhibitory effect on the mTOR pathway suggests part of the process by 

which bosutinib enhances differentiation compared to RA alone.

We note that MAPK signaling pathway activation is promoting differentiation and cell cycle 

arrest in RA-treated HL-60 cells, yet it is also thought to drive mTOR and, consequentially, 

cellular anabolism to promote proliferation. Hence, RA appears to be redirecting these 
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pathways to support differentiation instead of proliferation. The mechanism of this is a 

profound but yet unresolved question in leukemic cell differentiation.

AhR is known to drive differentiation and is known to be linked to phosphorylated c-Raf in 

an RA-activated signalsome [19]. We found that RA treatment increased AhR levels, which 

is consistent with previous studies (Figure 5(C)) [3,34,35]. Co-treatment with bosutinib 

further increased AhR expression, consistent with the increase in phosphorylated c-Raf 

expression in RA/bosutinib treated samples (Figures 3 and 5(C)).

p85 PI3K activity is upregulated during granulocytic maturation [6]. It was therefore of 

interest to determine the effect of bosutinib on p85 PI3K expression; the protein exhibited an 

expression pattern similar to that of AhR, as bosutinib caused an increase in RA-induced 

upregulation of p85 PI3K expression. Interestingly, while both CD38 and c-Cbl are known 

to interact with p85 PI3K [6], RA/bosutinib treatment did not affect the RA-induced 

expression of these proteins in the same fashion.

Bosutinib, like other SFK inhibitors, has promising effects on enhancing RA-induced 

differentiation in HL-60 cells. These effects include modulation of the SFK members Fgr 

and Lyn and impacts on the MAPK and mTOR pathways. Further studies may elucidate the 

effects of RA/bosutinib co-treatments on RA-resistant APL cell lines or other myeloid 

leukemias. Bosutinib is already in clinical trials as a cytotoxic chemotherapeutic agent, but 

our results suggest that it can also be potentially useful as an agent used in combination 

therapy with RA for differentiation therapy of AML.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Phenotypic analysis of HL-60 cells treated with RA/bosutinib. (A) HL-60 cells were 

cultured in the presence of 1 μM RA or 1 μM RA and 0.25 μM bosutinib as indicated. CD38 

expression was assessed by flow cytometry following 24, 48, and 72 h treatment periods. 

Gating to discriminate positive cells was set to exclude 95% of untreated controls (n = 3). 

Error bars indicate SEM. (B) Normalized means of CD38 expression per cell at 24, 48, or 72 

h (n = 3). (C) CD11b expression was assessed by flow cytometry at 48 and 72 h (n = 3). *p 
< .05 comparing RA-treated samples to RA/bosutinib-treated samples. Two-tailed paired-

sample t-tests were used to determine significance. (D) Normalized means of CD11b 

expression per cell at 48and 72 h (n = 3). *p < .05 comparing RA-treated samples to RA/
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bosutinib-treated samples. (E) Cell cycle distribution showing the percentage of cells in 

G1/G0 was analyzed using flow cytometry with propidium iodide staining at 24, 48, and 72 h 

(n = 4). *p < .05 comparing RA-treated samples to RA/bosutinib-treated samples. (F) Cell 

counts were taken at 24, 48, and 72 h using a hemocytometer and 0.2% Trypan Blue 

exclusion staining (n = 3).
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Figure 2. 
HL-60 cells treated with RA/bosutinib displayed enhanced respiratory burst and p47phox 

expression. (A) HL-60 cells were cultured in the presence of 1 μM RA or 1 μM RA and 0.25 

μM bosutinib as indicated. Respiratory burst was analyzed by measuring inducible reactive 

oxygen species (ROS) production by flow cytometry using the 2′,7′-dichlorofluorescein 

(DCF) assay. Gates to determine percent increase of expression with treatment were set to 

exclude 95% of the DMSO-treated control population for each culture condition; TPA-

treated samples show induced ROS (n = 3). Error bars indicate SEM. *p < .05 comparing 
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RA-treated samples to RA/bosutinib-treated samples. Two-tailed paired-sample t-tests were 

used to determine significance. (B) HL-60 cells were cultured for 48 h in the presence of 1 

μM RA or 1 μM RA and 0.25 μM B as indicated and whole cell lysate was collected. Twenty 

five microgram of lysate per lane was run. Western blots of PAGE-resolved lysates were 

probed for p47phox (n = 3). Films were scanned and bands of interest were quantified using 

NIH ImageJ. Error bars indicate SEM. A representative blot, cropped to show only the band 

of interest, is included. (C) Western blots of GAPDH were used as loading controls 

following the procedure described above.
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Figure 3. 
Bosutinib enhances RA-induced SFK expression and diminishes SFK phosphorylation. (A) 

HL-60 cells were cultured for 48 h in the presence of 1 μM RA or 1 μM RA and 0.25 μM 

bosutinib (B) as indicated and whole cell lysate was collected. Twenty five microgram of 

lysate per lane was run. Western blots of PAGE-resolved lysates were probed for Fgr (n = 3). 

Films were scanned and bands of interest were quantified using NIH ImageJ. Error bars 

indicate SEM. A representative blot, cropped to show only the band of interest, is included. 

(B) Western blots of Lyn following the procedure described above. (C) Western blots of 

phosphorylated pan-Y416 SFK following the procedure described above. (D) Western blots 

of GAPDH were used as loading controls following the procedure described above.
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Figure 4. 
Bosutinib enhances levels of RA-induced phosphorylated c-Raf. (A) HL-60 cells were 

cultured for 48 h in the presence of 1 μM RA or 1 μM RA and 0.25 μM bosutinib as 

indicated and whole cell lysate was collected. Twenty five microgram of lysate per lane was 

run. Western blots of PAGE-resolved lysates were probed for c-Raf pS259 (n = 3). Films 

were scanned and bands of interest were quantified using NIH ImageJ. Error bars indicate 

SEM. A representative blot, cropped to show only the band of interest, is included. (B) 

Western blots of c-Raf pS621 following the procedure described above. (C) Western blots of 

c-Raf pC-terminal domain following the procedure described above. (D) Western blots of 

total c-Raf following the procedure described above. (E) Western blots of GAPDH were 

used as loading controls following the procedure described above.
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Figure 5. 
The effect of bosutinib on c-Cbl, mTOR, AhR, and p85 PI3K. (A) HL-60 cells were cultured 

for 48 h in the presence of 1 μM RA or 1 μM RA and 0.25 μM bosutinib (B) as indicated 

and whole cell lysate was collected. Twenty five microgram of lysate per lane was run. 

Western blots of PAGE-resolved lysates were probed for c-Cbl (n = 3). Films were scanned 

and bands of interest were quantified using NIH ImageJ. Error bars indicate SEM. A 

representative blot, cropped to show only the band of interest, is included. (B) Western blots 

of mTOR following the procedure described above. (C) Western blots of AhR following the 
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procedure described above. (D) Western blots of p85 PI3K following the procedure 

described above. (E) Western blots of GAPDH were used as loading controls following the 

procedure described above.
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