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Abstract

Background: Despite the success of tyrosine kinase inhibitors in chronic myeloid
leukemia (CML) therapy, CML still faces the challenges of drug resistance and pro-
gression to blast crisis. Twenty-five percent of patients have imatinib resistance and
treatment difficulties due to heterogeneity after progression, but little is known about
the mechanism. A key transcription factor in hematopoiesis, MYB, has been reported
to increase abnormally in several types of aggressive blood disorders including CML.
Methods: This study used a zebrafish model to explore the relationship between BCR/
ABL1 and c-myb in CML progression. A CML zebrafish model was crossed with a c-myb
hyperactivity transgenic line.

Results: It was found that both exogenous BCR/ABL1 and c-myb could up-regulate the
expression of neutrophil-related genes. More seriously, neutrophil accumulation was
observed when BCR/ABL1 was combined with c-myb overexpression. Further studies
showed that c-myb may be one of the downstream targets of BCR/ABL1 and the effect
of BCR/ABL1 on neutrophils was c-myb dependent. Taking advantage of this inherit-
able in vivo model, it was shown that a combination of imatinib and flavopiridol, a
cyclin-dependent kinase inhibitor targeting MYB, could more effectively alleviate the
aggressive phenotype of the double transgene line.

Conclusion: In summary, this study suggests that c-myb acts downstream of BCR/
ABL1 and is involved in CML progression and is therefore a risk factor and a valuable
target for the treatment of CML progression. The model used in the study could be
helpful in high-throughput drug screening in CML transformation.
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1 | INTRODUCTION

activates multiple pathways, resulting in enhanced cell survival, inhi-
bition of apoptosis and disturbance of cell adhesion and migration.?
Chronic myeloid leukemia (CML) is a clonal hemopoietic stem cell
disorder driven by the juxtaposition of BCR and ABL1.} The fusion
gene BCR/ABL1 encodes the aberrantly activated ABL kinase that

The discovery of imatinib, a first-generation tyrosine kinase inhibitor
(TKI), hasimproved the outcome of CML patients in the chronic phase

(CP). Despite the exciting results obtained with imatinib, resistance
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is observed in approximately 25% of patients.® Current strategies
to circumvent resistance include using second-generation BCR/ABL1
TKis, such as nilotinib, dasatinib and bosutinib, targeting other cellu-
lar pathways.® Nevertheless, TKI response rates are still insufficient
for optimal survival of patients who have CML progression.

Accelerated phase (AP) and blast phase (BP) occur in a minority
of patients and outcomes are significantly worse in these patients
compared with CML-CP, with lower response rates and decreased
duration of response to TKI* The median overall survival and
failure-free survival times of CML-BP are 12 and 5 months, respec-
tively.> At present, allogeneic stem cell transplantation is the only
curative therapy for CML-BP, but overall cure rate is only 10%-20%.°
The underlying molecular mechanism of blastic transformation re-
mains unclear. It is believed that multiple molecular changes, such as
increased expression of BCR/ABL1, oncogenetic activation or ampli-
fication of pro-oncogenes and loss-of-function mutations in tumor
suppressor genes may be involved in the progression to blast crisis.”
As few treatment options are available and prognosis poor, there is a
need to refine the treatment of CML.

A transcription factor, MYB, plays a pivotal role in hematopoietic cell
development. It has been reported that MYB is not only a transcription
factor but also an oncogene that can induce leukemia. MYB mRNA is
expressed at high levels in most human myeloid and acute lymphoid
leukemias,® including CML.7® In CML patients, higher levels of MYB
expression are detected in progression to AP or BP than in CP,”** which
implies that MYB may be involved in CML progression. Several stud-
ies have demonstrated that MYB is indispensable for colony formation
in CML cells?*?7%® and p210B*Bl_dependent leukemogenesis in
mice,**Y” but there is no inheritable CML progression model for drug
screening and observation of blastic transformation. As a proposed

therapeutic target in blastic transformation and drug resistance, 18

no
personalized therapeutic strategy for MYB has yet been reported.

To assess the role of c-myb in CML progression, we overexpressed
c-myb in a zebrafish CML model that closely mimics the natural pro-
gression of human CML.Y" The resulting data suggested that BCR/ABL1
and c-myb synergistically promoted the expansion of neutrophils. In
addition, it was found that c-myb may be a target of BCR/ABL1 and
that the regulation of neutrophils by BCR/ABL1 depends, in part, on c-
myb. More importantly, for the first time, the cyclin-dependent kinase
(CDK) inhibitor flavopiridol that targets MYB?° in the CML model was
evaluated and combined treatment with imatinib was found to work
better than imatinib alone. These results implied that c-myb may be
a regulatory factor involved in CML progression and targeting c-myb

would be an option for the treatment of CML patients in BP.

2 | METHODS

2.1 | Zebrafish husbandry

OBCR/ABLI)’19 and ¢

The following strains were used: AB, Tg(hsp70:p21
myb"Per 21 Tg(hsp70:p2108RABLY) expresses human BCR/ABL1 (hBCR/

ABL1) (b3a2) under the control of the zebrafish heat shock-inducible

hsp70 promoter.’ c-myb"Pe" expressed a truncated c-myb, lacking
the majority of the negative-regulatory region, fused with a nearly
full-length c-myb under the control of the first core c-myb pro-
moter.?! Zebrafish were maintained according to the guidelines of
the Animal Care and Use Committee of the South China University
of Technology. All experimental protocols were approved by the
Division of Cell, Developmental and Integrative Biology, School of

Medicine, South China University of Technology.

2.2 | Heat-shock treatment

Tg(hsp70:p2108RABLY) and  Tg(hsp70:p210BRABLY).c.myb™Per  em-
bryos were heat-shock treated at 39.5°C for 1 h during 10-12hours
post-fertilization (hpf), and then for 2 h twice per day after 22 hpf.
The interval of heat-shock treatment was 6 h at least. Adult zebrafish
were heat-shocked at 39.5°C for 2 h once per day.

2.3 | Whole-mount in situ hybridization

In vitro transcription of antisense digoxigenin-labeled RNA probes
and whole-mount in situ hybridization were performed according
to standard protocols.?? The following probes were synthesized:
lyz, mpx, npsn, srgn, c-myb, and Icpl. We used the multi-point tool
in ImagelJ software to count the number of whole-mount in situ hy-

bridization signals.

2.4 | Sudan black staining

Embryos at 3 dpf were fixed with 4% paraformaldehyde (Macklin) in
phosphate-buffered saline (PBS) for 2 h at room temperature. After
being rinsed in PBS twice, fixed embryos were incubated in Sudan
black (Macklin) solution for 30min to mark neutrophils and then
washed as described.?®

2.5 | Cytological analysis

Kidney marrow (KM) was re-suspended in PBS with 5% fetal bo-
vine serum, followed by Cytospin 4 (Thermo Scientific) at 400rpm
for 3 min. The cells were then stained with May-Grinwald-
Giemsa (Merck) stain according to the manufacturer's instruc-
tions. Blood cells in KM were calculated manually based on their

morphologies.?*2°

2.6 | Drugtreatment

After heat-shock treatment, embryos at 2.5days post-fertilization
(dpf) were soaked in egg water containing 1%. dimethylsulfoxide
(DMSO) (Sigma-Aldrich), 80 pmol/L imatinib (Selleck), and 0.1 pmol/L
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flavopiridol (Selleck) for drug treatment. Embryos were treated with
drugs for 48 h, and the egg water containing the drugs was changed
after 24 h of treatment.

2.7 | Statistical analysis

Data were analyzed by GraphPad Prism 7 software. Student's t
test was used for comparisons between two groups and one-way
analysis of variance (ANOVA; with Fisher's LSD test) was applied
to comparisons among multiple groups. Significance was accepted
when p<0.05 (ns indicates not significant; *p<0.05; **p<0.01;
***p<0.001, and ****p <0.0001). Data are shown as means +stand-
ard deviation (SD) from at least three independent experiments with

duplicate samples.

3 | RESULTS

3.1 | Both BCR/ABL1 and c-myb overexpression can
affect the expression of neutrophil-related genes

To first characterize the effect of BCR/ABL1 and c-myb on neu-
trophils, lineage-specific markers of neutrophils were detected
by whole-mount in situ hybridization. It was found that lysozyme
(lyz) was significantly increased in c-myb™P®', a transgenic zebrafish
with ¢-myb overexpression, at 36 hpf compared with the control
group, as seen in Figure 1A,B,M, concurring with a previous study.21
Other neutrophil-related markers, such as myeloperoxidase (mpx) in
Figure 1D,E,N, nephrosin (npsn) in Figure 1G,H,0O, and serglycin (srgn)
in Figure 1J,K,P, were further analyzed, showing comparable results.
Like c-myb™P®", all the genes mentioned above were increased in
the heritable CML zebrafish model expressing human BCR/ABL1,
as seen in Figure 1C,F,l,L, which indicated that both BCR/ABL1 and
c-myb overexpression affected the expression of neutrophil-related
genes.??

3.2 | Neutrophils expansion in
Tg(hsp70:p2105R/ABLY) depended on c-myb

As described above, zebrafish larvae expressing exogenous BCR/
ABL1 showed increased expression of neutrophil-related genes simi-
lar to that expressed c-myb, which suggested that BCR/ABL1 and c-
myb may form vertical or parallel regulatory networks in neutrophil
development. The c-myb expression in Tg(hsp70:p2108R/ABLYy \yas
firstdetected by whole-mountinsitu hybridization, and indicated that
the expression of c-myb mRNA increased in Tg(hsp70:p2108R/ABLY) 4t
60hpf, as seen in Figure 2A-C, in line with the previous observa-
tion.'” This result suggested that BCR/ABL1 and c-myb might form
a vertical genetic network related to hematopoietic regulation. To
test this idea, the c-myb antisense oligonucleotide morpholino26

OBCR/ABLI)

was injected into a Tg(hsp70:p21 embryo at the one cell

stage to block c-myb translation in order to examine whether c-myb
inhibition would affect the promotion of neutrophil production by
Tg(hsp70:p2108RABLY) The number of L-plastin (Icp1) positive my-
eloid cells significantly decreased after injection at 36 hpf, as shown
in Figure 2D-F, and the numbers of SB™ neutrophils and lyz" neu-
trophils also decreased markedly after injection at 3 dpf, as shown
in Figure 2G-L. Taken together, these data indicated that c-myb may
function as a downstream regulator of BCR/ABL1 in the CML ze-
brafish model.

3.3 | Exogenous c-myb activation could mimic CML
progression in the zebrafish CML model

Aberrant elevation of MYB has been reported in CML-BP pa-
tients,” implying the potential role of MYB in CML progres-
sion. To identify the function of c¢-myb in CML progression, a
Tg(hsp70:p2105°RABLY).c.mybYPer double transgenic zebrafish was
obtained by crossing Tg(hsp70:p2105RABLY) with c-myb™P®" to over-
express c-myb in Tg(hsp70:p2105R#BLY) Compared with c-myb™P¢" or
Tg(hsp70:p2108R/ABLY) alone, the numbers of lyz*, mpx*, npsn*, srgn™
neutrophils markedly increased in double transgenic zebrafish at 36
hpf, as shown in Figure 3A-L, indicating that c-myb overexpression
can affect the neutrophil expansion of Tg(hsp70:p2108R/ABLY) 1o
further verify this result, kidney marrow cells were collected from
Tg(hsp70:p2108R/ABLY). c.myb"Per adult zebrafish after inducing BCR/
ABL1 expression by continuous heat shock and subjected to cytologi-
caland white blood cell analyses. As expected, more neutrophils were
observed in the kidney marrow of Tg(hsp70:p210BR/ABLY).c.myphvPer

compared with Tg(hsp70:p2108CR/ABLL)

, as shown in Figure 3M,N.
In addition, these data revealed that neutrophils exceeding 55%
were found in 20% of Tg(hsp70:p210BRABLY) zeprafish, but in 80%
of Tg(hsp70:p2108R/ABLY). c.myb"Pe" zebrafish, as seen in Figure 30.
These results indicated that BCR/ABL1 combined with c-myb overex-
pression affected neutrophil expansion both in embryonic and adult
zebrafish, which suggested that c-myb might be involved in CML

progression.

3.4 | The combination treatment of imatinib and
flavopiridol worked better than imatinib alone in
BCR/ABL1 combined with c-myb overexpression

It has been reported that different gene expression profiles can pre-
dict early molecular response and long-term outcomes of cMmL.Z
Given the increased expression of MYB in CML patients, especially
in BP? and that c-myb can aggravate the BCR/ABL1 phenotype men-
tioned above, c-myb may serve as a predictive risk factor for pre-
venting progression to blast crisis. The double transgenic zebrafish
may therefore serve as an ideal model for drug screening. A previ-

12° could

ous study showed that the MYB-targeting drug flavopirido
alleviate the abnormal accumulation of neutrophils in c-myb™?e".

Therefore in search for better therapeutic strategies to prevent the



YE €T AL.

LA
sibling c-myhbhyper Tg(hsp70:p2108Cr/ABL1)
(A) - 200m - (€)
| - % o hY VSRR
o -':‘2,;*,_
x
Q.
g »
36 hpf
(G) <
c V. s R e TR
2 ; > » - »
<
(K) (L)
T vyv. - o
g > A "R - e
S X
@ ) % 3
36 hpf mpx 36 hpf npsn 36 hpf srgn
(M) N) PP (©) prap P) prsrg
400 200 e » 300 - , 300 s
° T S — = ¢ 3 5 e o
3 300 . 8 300 8 oo 8 e
o og0 e T * 200 - o3e o 200 . . yie!
° O 13 ° [ ) [} ]
E 200 ° $ ool g. 200 ; o, O . % a8 : X ?, ; % -
o g F . ¥ k1 gEE g
2 100 o . 2 100 2 toqn® o0 2 s00® °
0 . 0 . 0 . . 0 . . .
) o W o A ! o ) . o WY
é{o\\(\‘) . b\ﬂ 90"“& 5&\\(& g 6\‘1 ’ p®! é{o\\(\‘) g e\‘l 50“”& .-,‘\"\\“g 6\‘! o 8!
A0 A0 A0 0
91 0P 91 0P 91 R 91 0?
o <o 1o <o

FIGURE 1 Both BCR/ABL1 and c-myb overexpression can up-regulate neutrophil-related genes. (A-L) Whole-mount in situ hybridization
(WISH) showed increases in lyz (A-C), mpx (D-F), npsn (G-1), and srgn (J-L) expression in Tg(hsp70:p2105RBLY) and c-myb"Pe" at 36 hpf
compared with controls. Blue arrowheads indicated lyz*, mpx*, srgn™ and npsn* neutrophils in each row. (M-P) Quantification of

numbers of 36 hpf lyz+ (M) (sibling, n = 31; c-myb™"®", n = 30; Tg(hsp70:p2105°R*BY) n = 16), mpx™ (N) (sibling, n = 30; c-myb"P¢", n = 30;
Tg(hsp70:p2108R4BLY) ' = 15) npsn* (O) (sibling, n = 32; c-myb™Pe", n = 32; Tg(hsp70:p2108RABLY) 'y = 22), srgn* (P) (sibling, n = 31; c-myb"Pe",
n = 32; Tg(hsp70:p2108RABLY) 1y — 14) cells. Scale bar, 200 pm; applies to panels (A-L).

risk of blastic transformation that may exist with abnormally elevated
MYB, flavopiridol was utilized in this model. To evaluate whether fla-
vopiridol treatment could relieve the abnormal expansion of myeloid
cells in Tg(hsp70:p210BRABLY).c.mypPer embryos were incubated
with flavopiridol alone and in combination with imatinib. In the con-
trol CML model embryos, imatinib reduced the number of myeloid
cells while flavopiridol only had a slight but non-significant effect, as
seen in Figure 4A,C,E,l, and there was no significant difference be-
tween imatinib treatment and combined treatment with flavopiridol
(Figure 4E,G,|).

In Tg(hsp70:p2108RABLYY.c-mybPe" embryos, flavopiridol effec-
tively reduced the number of abnormally increased Icp1* myeloid
cells, as shown in Figure 4B,D,l, and the combination treatment of
imatinib and flavopiridol had a better response (Figure 4B,D,F,H,I).

The results suggested that c-myb might be a potential therapeutic
target in CML progression.

4 | DISCUSSION

To date, few reports have provided a comprehensive description of the
underlying pathogenesis of CML progression. MYB, a transcription fac-
tor associated with hematopoiesis, has been reported to be up-regulated
in CML-BP patients’ and relapsed CML patients,'® suggesting the po-
tential role of MYB in CML progression. The mechanism involved in the
increased level of MYB expression in CML is still unclear. To investigate
the role of c-myb in CML progression and the relationship between BCR/
ABL1 and c-myb, the impact of c-myb in the CML zebrafish model was
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FIGURE 2 Theimpact of BCR/ABL1 on neutrophil regulation depends on c-myb. (A,B), (A',B’) WISH showed an increase of c-myb
expression in Tg(hsp70:p2105°R/ABLY) (B B') at 60 hpf compared with controls (A,A’). Red boxes showed enlarged details. (C) Quantification
of numbers of 60hpf c-myb* cells in caudal hematopoietic tissue (CHT) (WT, n = 27; Tg(hsp70:p2105°RBL1) ' = 37). (D,E) WISH showed a
decrease of Icp1 expression in Tg(hsp70:p2105RBLY) injected c-myb antisense oligonucleotide morpholino (MO) at 36 hpf. (F) Quantification
of numbers of 36 hpf lcp1* cells (Tg(hsp70:p210BRABLY 1y = 27: Tg(hsp70:p210BRABLY) injected c-myb MO, n = 26). (G,H) SB staining showed
decreased number of SB* cells in Tg(hsp70:p2105**BLY) injected c-myb MO at 3 dpf. Red boxes showed enlarged detail of SB* cells in each
group. (I) Quantification of numbers of 3 dpf SB* cells in CHT (Tg(hsp70:p2108R/ABLY) ' = 32: Tg(hsp70:p2108RABLY) injected c-myb MO,
n=12). (J,K) WISH showed a decrease of lyz expression in Tg(hsp70:p2108R"ABLY) injected c-myb MO at 3 dpf. Red boxes showed enlarged
detail of lyz* cells in each group. (L) Quantification of numbers of 3 dpf lyz* cells (Tg(hsp70:p2105RABLY) 1y = 33; Tg(hsp70:p2105CR/ABLY)
injected c-myb MO, n = 45). Scale bars, 200pm (A, B, D, E, G, H, J, K) and 100pum (A,B).

investigated by overexpression or knockdown and it was found that both
BCR/ABL1 and c-myb overexpression could play a role in regulating neu-
trophils in zebrafish. The expression of c-myb in Tg(hsp70:p2108R/ABL1)

was therefore analyzed to illustrate the relationship between the genes.
Given the increased expression of c-myb in Tg(hsp70:p2108CR/ABLY)
similar to increased expression of MYB in CML patients,”*° it was
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FIGURE 3 Exogenous c-myb activation
can mimic CML progression in the
zebrafish CML model. (A-H) WISH
showed increase of lyz (A,B), mpx (C,D),
npsn (E,F), and srgn (G,H) expression in
Tg(hsp70:p2105RABLY).c.myb"Pe" at 36 hpf
compared with Tg(hsp70:p210BCR/ABLY),
Blue arrowheads indicate lyz*, mpx™,
srgn™ and npsn* neutrophils in each

row. (I-L) Quantification of numbers of
36 hpf lyz* (1) (Tg(hsp70:p210°FA%),
n=16; Tg(hsp70:p2IOBCR/AB“);c-myb"V’“',
n = 30), mpx™ (J) (Tg(hsp70:p2108CR/ABLL)
n = 15; Tg(hsp70:p210°R*8);c-myb™P*,
n = 25), npsn™ (K) (Tg(hsp70:p210BCR/ABLY)
n = 22; Tg(hsp70:p2108R/ABLY).c.myphyper
n = 31), srgn* (L) (Tg(hsp70:p2108RABLY)
n=18; Tg(hsp70:p2IOBCR/AB“);C-mybhy”er,
n = 32) cells. (O) May-Grinwald

Giemsa staining of kidney marrow

(KM) blood cells that were obtained
from WT, Tg(hsp70:p2108CR/ABLY)

and Tg(hsp70:p2108RABLY).c.myphyper
adult zebrafish. Green arrowheads
indicated neutrophils. After staining,
1000 cells were randomly chosen

for further calculation. (N) The
proportion of neutrophils in white

blood cells in whole kidney marrow
(WT, n = 10; Tg(hsp70:p2108CR/ABLY)

n = 10; Tg(hsp70:p2108R/ABLY).c.
myb™Pe" n = 10). (O) High proportions

of neutrophils presented more in
Tg(hsp70:p2108R"ABLY).c_myb"Per than in
Tg(hsp70:p2108RABLY) Scale bars, 200 pm
(A-H) and 50 pm (M).
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FIGURE 4 Combined treatment with

flavopiridol and imatinib had a better
response in Tg(hsp70:p2108°R/ABLY).c.
myb™Pe". (A-H) WISH of lcp1
expression in the drug-treated larvae
at 4.5 dpf. After heat shock treatment,

2.5 dpf Tg(hsp70:p2108RABLY) and
Tg(hsp70:p2108R/ABLY).c_mybhYPer were
treated for 48 h with 1%, DMSO
control, 0.1 pmol/L flavopiridol,

80pumol/L imatinib, or 0.1 pmol/L
flavopiridol combined with 80 pmol/L
imatinib. (I), Quantification of
numbers of 4.5 dpf lcp1™ cells in CHT
(Tg(hsp70:p2108R/ABLY) DMSO, n = 30;

Tg(hsp70:p2108R/ABL1) :c.mybhyper
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hypothesized that c-myb acted downstream of BCR/ABL1, so the pres-
ence of abnormal neutrophil elevation in Tg(hsp70:p2105FBLY) after
knockdown of c-myb was examined. Prior work demonstrated that MYB
is required for BCR/ABL1-dependent leukemogenesis.'®*’ The function
of BCR/ABL1 relies on c-myb, implying that c-myb acts downstream of
BCR/ABL1 in the regulation of neutrophils in the CML zebrafish model,
and suggesting that c-myb may be a potential therapeutic target for CML
treatment. Induction of human BCR/ABL1 in zebrafish combined with
overexpression of c-myb could result in more severe neutrophil expan-
sion in both zebrafish larvae and adult fish, suggesting that c-myb may
participate in CML progression. However, owing the long BP transfor-
mation latency, the occurrence of blastic transformation in one-year-old
adult fish has not found. This study provided in vivo evidence to show
the function of c-myb in CML progression. This model could be used to
observe blastic transformation in vivo, which would be an interesting
area for further study, but there are still limitations in this study. Owing
to the differences in blood cells between zebrafish and humans, precur-
sor cells in zebrafish are difficult to distinguish, while those in humans
can be well recognized by cell-specific surface antigens.

Since CML patients in BP have limited therapeutic options, blastic
transformation is always followed by a poor prognosis. Once blastic
transformation occurs, survival is less than one year with death due

to infection or bleeding,28 so it is much more important to prevent

myb™Pe DMSO, n = 30;
Tg(hsp70:p2108R/ABLY).c_myphyper
imatinib, n = 31; Tg(hsp70:p2108°R/ABLY).c.
myb™P¢" flavopiridol, n = 30;
Tg(hsp70:p2lOBCR/ABu);c-mybhy”e'
flavopiridol+imatinib, n = 27). Scale bar,
100 um; applies to panels (A-H).

progression rather than treat it. Current methods of CML monitoring in
CP patients include detection of Philadelphia chromosome, BCR/ABL1
DNA, BCR/ABL1 mRNA and mutations in the ABL1 kinase domain.?’
Elevated expression of BCR/ABL1 and mutations in the ABL1 kinase do-
main generally indicate an increased risk of progression to blast crisis.??
In addition, deregulated expression of some stem cells, and cell cycle
and immune response-related genes can also predict the long-term
prognosis of CML patients and those patients recognized as being at
high-risk could benefit from the addition of timely novel interventional
strategies.27 These findings indicated that MYB may be a risk factor for
blastic transformation, suggesting the targeting of MYB as an alternative
therapeutic strategy. Although MYB is indispensable for the generation
and normal functioning of all hematopoietic lineages, reduced MYB lev-
els can be tolerated, indicating that therapeutic inhibition of MYB activ-
ity is also likely to be tolerated by patients.8 Upon treatment with the

MYB-targeting drug fIavopiridoI,20

abnormally increased Icp1* myeloid
cells were successfully reduced in Tg(hsp70:p2105F4BLY).c-mybMPe" and
the effect was increased in combination with imatinib. These studies
are the first to utilize flavopiridol in CML therapy and to report that a
combination of flavopiridol and imatinib may be a superior treatment
strategy for BCR/ABL1 combined with elevated MYB expression levels.
Taken together, the results provide an alternative therapeutic option for

CML patients with elevated expression of MYB.
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Flavopiridol is a pan-CDK inhibitor and can cause either cell cycle
arrest or apoptosis by inhibiting CDK7 and CDK9, which exist in a
super-enhancer complex that is capable of promoting transcriptional
processivity and elongation.30 It has been reported that MYB tran-
scription is inhibited by flavopiridol through its inhibition of CDK9.%°
Furthermore, flavopiridol has synergistic activity with most anti-cancer
drugs and radiation.?* More importantly, flavopiridol has already re-
ceived orphan drug designation for the treatment of chronic lympho-

cytic leukemia (CLL) and acute myeloid leukemia (AML),%?

indicating
the possibility of application in other hematological malignancies, such
as CML, and offering an interesting area for further investigation.
These results demonstrate the synergistic regulation of BCR/ABL1
and c-myb on neutrophils in the CML zebrafish model and indicate
that c-myb functions as a key regulator and risk factor in BCR/ABL1-
dependent blastic transformation. The observed therapeutic effect on
Tg(hsp70:p210BR/ABLY).c.myb™Pe" conferred by combined treatment
with imatinib and flavopiridol provides a valuable strategy for the
therapy of CML. Importantly, this study has provided a novel disease
model for drug screening and dynamic monitoring of disease progres-
sion and an excellent resource to further the understand blastic trans-

formation and identify therapeutics for this aggressive disease.
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