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A B S T R A C T

Aims: Acute lymphoblastic leukemia (ALL) is characterized by abnormal proliferation of immature lymphocytes
in the bone marrow, peripheral blood, and other tissues. HOXB7 is upregulated in tumors and is related to cell
proliferation and cell cycle. However, the role of HOXB7 in ALL progression remains unclear. In this study, we
explored the molecular mechanism of HOXB7 in cell viability and cell cycle in ALL cell lines.
Materials and methods: Peripheral blood lymphocytes was isolated by Isopycnic Ficoll-Hypaque solution;
Relative mRNA expression of HOXB7 was measured by RT-qPCR; Relative protein expressions of HOXB7, p27,
bFGF, pERK1/2 were tested by Western blot assay; Cell viability was tested by MTT; Cell proliferation was
detected by BrdU assay; 2.8. Cell cycle was analyzed by flow cytometry.
Key findings: HOXB7 was significantly elevated in peripheral blood lymphocytes of patients with ALL. HOXB7
was inhibited by HOXB7 siRNA transfection; cell viability decreased; and cell cycle was arrested in ALL cell lines.
Meanwhile, HOXB7 suppression significantly induced the protein expression of p27 (cyclin-dependent kinase
inhibitor). We also demonstrated the molecular mechanism of HOXB7 regulation on p27. HOXB7 suppression
obviously inhibited the protein expressions of b basic fibroblast growth factor (bFGF) and p-ERK1/2. Also, the
inhibitory effects of HOXB7 suppression on p-ERK1/2, cell viability, and cell cycle in ALL cell lines were
markedly reversed after culturing with bFGF (9 ng/mL) for 24 h. After incubating with bFGF, cells with HOXB7
inhibition were treated with a specific ERK1/2 inhibitor, PD98095, after which the effects of bFGF on protein
expression of p27, cell viability, and cell cycle were obviously reversed.
Significance: Our study suggests that inhibiting HOXB7 suppresses p27-mediated ALL progression by regulating
bFGF/ERK1/2.

1. Introduction

Acute lymphoblastic leukemia (ALL) is a malignant blood disease
characterized by abnormal proliferation of immature lymphocytes in
the bone marrow, peripheral blood, and other tissues [1,2]. Its biolo-
gical characteristics and clinical heterogeneity are diverse [3]. Multi-
drug chemotherapy can induce complete remission in more than 80% of
newly diagnosed adults with ALL, but the 5-year disease-free survival of
patients with ALL is only 30% to 40% [4]. A better understanding of the
molecular mechanisms of ALL is crucial for improving the treatment of
acute leukemia.

The HOXB7 gene is a HOXB cluster in the homologous box gene
HOX family [5,6]. It is believed that HOXB7 is a special type of tran-
scriptional regulator that regulates the development and differentiation

of embryonic cells, and its overexpression may promote certain tumors
[7–9]. HOXB7 is highly expressed in breast, pancreatic, and lung can-
cers, and it is associated with tumor cell proliferation, differentiation,
invasion, and angiogenesis [6,10–13]. It influences cell proliferation,
cell cycle, and apoptosis in cancers such as lung cancer and gastric
cancer [14–16]. HOXB7 also has been indicated to be overexpressed in
leukemia [17]. However, the molecular mechanism and function of
HOXB7 in ALL remain unclear. In our study, we aimed to investigate
the molecular mechanism of HOXB7 in ALL, which could be used to
improve treatment of the disease.

The p27 protein encoded by the tumor suppressor gene p27 binds to
cyclin E/cyclin-dependent kinase2 in the nucleus and inhibits its ac-
tivity [18]. P27 could prevent cells in the G1 phase from entering into
the S phase by inhibiting cell growth and proliferation [19,20]. A
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decrease in p27 is closely related to tumorigenesis, tumor progression,
and poor prognosis [21,22]. Liao et al. demonstrated that HOXB7 can
downregulate p27, regulate cell cycle, and increase proliferation in
colon cancer [23]. Its effect on p27 in ALL remains unclear. Thus, we
explore whether and how HOXB7 regulates p27 in ALL.

Basic fibroblast growth factor (bFGF) is widely distributed in the
heart, brain, liver, kidney, and other tissues [24]. Previous studies have
shown that HOXB7 can regulate bFGF in breast cancer and that bFGF
controls p27 by activating ERK1/2 in the Müller cell line [25,26]. As a
strong mitogen that promotes the proliferation and differentiation of
various cells, bFGF is highly expressed in certain dysplasia and tumor
tissues [27,28] and upregulated in ALL [29]. We propose that HOXB7
can regulate cell proliferation and cycle in ALL by controlling bFGF,
ERK1/2, and p27.

We aimed to explore the molecular mechanisms of HOXB7 in ALL by
detecting expression of HOXB7 in leukomonocytes from blood samples
of patients with ALL. We tested cell proliferation and cell cycle in ALL
cell lines after suppressing HOXB7. We also investigated the molecular
mechanism underlying HOXB7's suppression of cell cycle and pro-
liferation in ALL.

2. Materials and methods

2.1. Peripheral blood samples and cell lines

The study comprised 20 (male, n= 12; female, n= 8) cases of
untreated ALL. Patient ages ranged from 5 to 23 years, with an average
age of 9 years. Pathological diagnoses were in line with the FAB diag-
nostic criteria. Control peripheral blood samples (n= 20) were col-
lected from patients without ALL. The patients were along with written
informed consent. This research was approved by the ethics committee
at Zhumadian Central Hospital.

The human leukemia cell lines CCRF-CEM (T-cell, ALL) and Nalm-6
(B cell precursor, ALL) were purchased from ATCC (Rockville, MD,
USA) and DSMZ (Braunschweig, Germany), respectively. The two cell
lines were cultured in RPMI 1640 (Gibco, Rockville, MD, USA) with
10% fetal bovine serum at 37 °C in a 5% CO2 atmosphere.

2.2. Isolation of peripheral blood lymphocytes

Isopycnic Ficoll-Hypaque solution (Amersham Pharmacia Biotech,
Uppsala, Sweden) was mixed with the venous blood (15mL). Next, the
mixture was centrifuged at 1500 rpm for 30min at room temperature.
The resulting middle layer contained the lymphocytes, which were
isolated for subsequent peripheral blood lymphocytes testing.

2.3. Real-time quantitative polymerase chain reaction (RT-qPCR)

Total RNA was extracted from the cells and reverse transcribed into
cDNA, which was used as the template in the real-time quantitative
polymerase chain reaction. GAPDH was the reference gene. Then, 10 μL
of SYBR Green I Premix (Takara Biotechnology, Dalian, China) was
added to the 25-μL reaction system. The reaction program was as fol-
lows: 94 °C for 30 s, 40 cycles at 94 °C for 10 s, 60 °C for 30 s, and 72 °C
for 30 s. The primers were HOBX7, forward 5′-ACC GAC ACT AAA ACG
TCC CTG-3′ and reverse 5′-TTT GTT CTG GGA AGG CTC CG-3′ and
GAPDH, forward 5′-GTC TGG CGT TTT TGG ATG TT -3′ and reverse 5′-
CGT CTT CAC CAC CAT GGA GA-3′.

2.4. Western blot

Cells were lysed in cell lysis buffer (Beyotime, Haimen, China), and
the protein was extracted. The protein was quantified using a BCA kit
(Beyotime). Next, the protein (25 μg) was loaded and separated in the
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and elec-
trophoretically transferred to the polyvinylidene fluoride (PVDF)

membrane (Bio-Rad, Hercules, CA, USA). The membranes were blocked
in 2% non-fat dry milk at room temperature for 2 h. After washing in
tris-buffered saline, the membranes were incubated in the following
primary antibodies: anti-HOXB7 (1:500), anti-bFGF (1:700), anti-
ERK1/2 (1:500), anti-p27 (1:800), and anti-GAPDH (1:1000) (Abcam
Inc., Cambridge, MA, USA), followed by incubation in horseradish
peroxidase–conjugated secondary antibody (1:1000) (Abcam) for 1 h at
room temperature. Finally, protein bands were visualized using an
enhanced chemiluminescence kit (Amersham, Little Chalfont, UK).
GAPDH was the reference protein.

2.5. Cell transfection

The ALL cell lines were separately plated in 12-well plates and
cultured in the incubator (Thermo Fisher Scientific, Waltham, MA,
USA) for 24 h. The cells were transfected with HOXB7 siRNA (5′-GCU
AUUGUAAGGUCUUUGUTT-3′, 2 μg) or non-specific siRNA (2 μg) using
Turbofect (Thermo Fisher Scientific) and incubated at 37 °C in 5% CO2

for 24 h. Transfection efficiency was measured by RT-qPCR and
Western blot assays.

2.6. Cell growth and vitality assay

Cell growth and viability were measured by 3‑(4, 5‑dimethylthia-
zol‑2‑yl)‑2,5‑diphenyltetrazolium bromide (MTT) assay according to
the standard instructions. Cells were plated in 96-well plates and cul-
tured at 37 °C for 24 h. The culture medium was then changed to 20 μL
of MTT solution (5mg/mL of phosphate-buffered solution) and in-
cubated for 5 h. Then, 150 μL of dimethyl sulfoxide per well was added
to dissolve the formazan. Results were read using a microplate reader
(Thermo Fisher Scientific) at 490 nm.

2.7. Bromodeoxyuridine assay

Cell proliferation was tested by using a bromodeoxyuridine (BrdU)
cell proliferation assay kit (Cell Signaling Technology, Danvers, MA,
USA). Briefly, the cells were seeded in 96-well plates and cultured with
BrdU solution (12 μL) at 37 °C for 1 h. After discarding the culture
medium, a denaturing solution (180 μL) was added and incubated for
30min. Next, cells were incubated with anti-BrdU conjugated with
peroxidase for 30min. The optical density at 450 nm was measured
using a SpectroFluor Plus multi-well plate reader (Tecan, Research
Triangle Park, NC, USA).

2.8. Cell cycle detection

Cells were dissociated using trypsin and centrifuged for harvesting.
Cells were resuspended in 75% ethanol and fixed overnight at −20 °C.
Phosphate-buffered solution was used to wash cells twice, and each
sample was resuspended in 450 μL of phosphate-buffered solution with
50 μL propidium iodide (1 μg/mL). After incubating at 37 °C for 30min,
cell cycle was measured and analyzed by flow cytometry (BD
Biosciences, San Jose, CA, USA).

2.9. Statistical analysis

Differences were determined by t-test for two groups or one-way
ANOVA followed by Bonferroni's test for multiple groups. For each
analysis, P < .05 was recognized as statistically significant. Data are
expressed as mean ± standard deviation (SD).
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3. Results

3.1. HOXB7 is increased in peripheral blood lymphocytes of patients with
acute lymphoblastic leukemia

To explore the expression of HOXB7 in ALL, we tested the mRNA
(Fig. 1A) and protein (Fig. 1B) expressions of HOXB7 in peripheral
blood lymphocytes of patients with ALL and found that it was twice that
of the normal group.

3.2. HOXB7 inhibition constrains cell viability and proliferation

To investigate the effect of HOXB7 on ALL, we measured the cell
viability and proliferation of the ALL cell lines CCRF-CEM and Nalm-6

with HOXB7 inhibition, using MTT and BrdU assays, respectively. First,
the mRNA (Fig. 2A) and protein (Fig. 2B) expressions of HOXB7 were
markedly decreased in the loss-of-function experiment of HOXB7, in-
dicating that HOXB7 inhibition was successful. Moreover, the results
demonstrated that cell viability (Fig. 2C) and proliferation (Fig. 2D) in
the HOXB7 siRNA group was significantly decreased, compared to the
non-spe siRNA group.

3.3. HOXB7 inhibition induces cell cycle arrest and p27 expression

To determine whether the growth inhibitory effect of HOXB7 was
caused by cell cycle arrest, we assessed cell cycle in ALL cell lines with
HOXB7 inhibition using flow cytometry. Data indicated that the HOXB7
suppression obviously accumulated G1 phase of the cell cycle in ALL

Fig. 1. HOXB7 expression in peripheral blood lym-
phocytes of patients with acute lymphoblastic leu-
kemia, compared to normal group. (A) The mRNA
expression of HOXB7 was measured by real-time
quantitative polymerase chain reaction. (B) The
protein expression of HOXB7 was measured by
Western blot. Normal, lymphocytes collected from
blood samples of patients without ALL; ALL, lym-
phocytes collected from blood samples of patients
with untreated acute lymphoblastic leukemia;
⁎P < .05 versus the normal group.

Fig. 2. Effect of HOXB7 inhibition on cell viability and proliferation. The relative HOXB7 mRNA (A) and protein (B. left: CCRF-CEM, right: Nalm-6) levels after cell
transfection were tested using real-time quantitative polymerase chain reaction and Western blot, respectively. Cell viability (C) and proliferation (D) were measured
by MTT and BrdU assays, respectively. Control, untreated acute lymphoblastic leukemia (ALL) cells; HOXB7 siRNA, ALL cells transfected with HOXB7 siRNA; non-spe
siRNA, ALL cells transfected with non-specific siRNA. N=3 for each group. ⁎P < .05 and ⁎⁎P < .01 for the HOXB7 siRNA group versus the non-spe siRNA group.
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cell lines (Fig. 3A). Also, p27 was elevated under HOXB7 suppression.
The protein expression of p27 was markedly improved by HOXB7
downregulation (Fig. 3B).

3.4. HOXB7 regulates cell viability and cell cycle via bFGF and ERK1/2
signaling

It was reported that bFGF can control p27 by regulating phos-
phorylated ERK1/2 and that HOXB7 can regulate bFGF [25,26]. Thus,
we hypothesized that HOXB7 could regulate bFGF/ERK1/2 signaling in
ALL cell lines. We found that HOXB7 downregulation significantly re-
strained the protein expression of bFGF and p-ERK1/2 in ALL cell lines
(Fig. 4A). Next, the cell lines with HOXB7 inhibition were treated with
bFGF (9 ng/mL) for 24 h, and the results showed that ERK1/2 phos-
phorylation levels were increased by one time (Fig. 4B). Meanwhile,
cell viability (Fig. 4C) increased and cell cycle arrest (Fig. 4D) arrested
following treatment of bFGF in ALL cell lines with HOXB7 suppression.
Thus, HOXB7 could regulate bFGF/ERK1/2 signaling and then affect
cell viability and cell cycle in ALL cell lines.

3.5. HOXB7 controls p27 by regulating bFGF and ERK1/2 signaling

We found that HOXB7 could regulate bFGF and ERK1/2 signaling
and affect p27. Other studies have indicated that p-ERK1/2 controls

p27. Therefore, we supposed that HOXB7 could affect p27 by regulating
bFGF and ERK1/2 signaling. The ALL cell lines with HOXB7 inhibition
were incubated with bFGF at 9 ng/mL for 10 h and then 60 μmoL of
PD98095 (specific ERK1/2 inhibitor) or DMSO (control) for 7 h. The
results indicated that protein expression of p27 in the HOXB7 si-bFGF-
PD group was more than twice that of the HOXB7 si-bFGF-DM group
(Fig. 5A). Moreover, cell viability (Fig. 5B) decreased and cell cycle
arrest improved (Fig. 5C) in the HOXB7 si-bFGF-PD group, compared to
HOXB7 si-bFGF-DM group. These findings indicate that HOXB7 controls
p27 by modulating bFGF and ERK1/2 signaling, thus regulating cell
viability and cell cycle in ALL cell lines.

4. Discussion

The clinical cure rate for ALL has been significantly improved with
the application of bone marrow transplantation and multi-drug com-
bination therapy. Unfortunately, some patients respond poorly to
treatment [30]. The HOX gene family is mainly responsible for reg-
ulating spine and human embryonic organ development [31]. As the
main gene that regulates cell proliferation and differentiation, HOXB7
is closely related to tumor progression and metastasis [32]. Kovochich
et al. find that HOXB7 is overexpressed and induces cell survival and
invasion in pancreatic adenocarcinoma [13]. HOXB7 also is upregu-
lated in melanoma and colon cancer [33].

Fig. 3. Effects of HOXB7 inhibition on cell cycle and p27 expression in ALL cell lines. Cell cycle (A) was assessed using flow cytometry after HOXB7 inhibition in ALL
cells lines. Relative protein expression of p27 was detected by Western blot in ALL cell lines (B. (left: CCRF-CEM, right: Nalm)). N= 3 for each group. ⁎P < .05 and
⁎⁎P < .01 for the HOXB7 siRNA group versus the non-spe siRNA group.
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In our study, HOXB7 expression was significantly increased in the
peripheral blood lymphocytes of ALL patients, which is consistent with
studies by Kovochich et al. [13] and others in different cancers [10,34].
For example, HOXB7 promotes cell proliferation and cell cycle and is
related to poor prognosis in gastric cancer [35]. HOXB7 suppression by
miR-376c-3p could control proliferation, migration, cell cycle, and
apoptosis in human oral squamous cancer cells [36]. Similarly, we
found that HOXB7 inhibition effectively suppressed cell viability, pro-
liferation, and cell cycle in ALL cell lines.

The cyclin-dependent protein kinase inhibitor p27 is an important
negative regulator of cell cycle [37]. P27 inhibits cell proliferation and
tumor formation and is recognized as a tumor suppressor gene [38].
Zhao et al. elucidated that a decrease in p27 confers resistance to anti-
HER2-targeted therapy in breast cancer [39]. Lu et al. proposed that
nuclear retention of p27 caused by Nrdp1 suppresses growth of color-
ectal cancer cells [40]. Agarwal et al. have indicated that reduced p27
promotes leukemia [41]. Furthermore, p27 has been reported to be
modulated by HOXB7 and to regulate cell cycle and proliferation in
colon cancer [23]. In our research, p27 expression was markedly con-
strained in ALL cell lines by HOXB7 inhibition, leading to suppressed
cells viability, proliferation, and cell cycle.

The growth factor bFGF has several functions to promote wound
healing, tissue repair, vascular proliferation, and embryonic develop-
ment and differentiation [42]. It is an important regulator of cell pro-
liferation, cell differentiation, apoptosis, and the synthesis and de-
gradation of the extracellular matrix [43]. bFGF may induce human
pluripotent stem cell survival and proliferation [44]. Kitamura et al.
found that bFGF may stimulate endothelial cell proliferation [45].

Additionally, bFGF can accelerate fibroblast differentiation of bone
mesenchymal stem cells to promote tumor growth [46]. It is indicated
to be a transcriptional target of HOXB7 in epithelial cells [47] and to
control p27 by activating ERK1/2 in the Müller cell line [25].

To explore whether HOXB7 can modulate p27 by regulating bFGF
and ERK1/2 in ALL, we performed a loss-of-function experiment of
HOXB7 in ALL cell lines. Results demonstrated that HOXB7 inhibition
significantly reduced the protein levels of bFGF and p-ERK1/2 and
constrained cell viability, proliferation, and cell cycle. Incubation with
bFGF of ALL cell lines with HOXB7 inhibition abolished the inhibitory
effect of HOXB7 on p-ERK1/2, cell viability, proliferation, and cell
cycle. These findings suggest that HOXB7 regulates cell viability, pro-
liferation, and cell cycle via bFGF/ERK1/2 signaling. Furthermore, p27
was upregulated and cell viability, proliferation, and cell cycle were
inhibited when PD98095 was used to inhibit ERK1/2 in ALL cell lines
with HOXB7 suppression and bFGF incubation. Therefore, inhibiting
HOXB7 may suppress cell viability, proliferation, and cell cycle by
regulating bFGF, ERK1/2, and p27 in ALL cell lines.

In brief, this study revealed that HOXB7 is induced in the peripheral
blood lymphocytes of ALL patients and that HOXB7 inhibition upre-
gulated p27 and constrained cell viability, proliferation, and cell cycle
in ALL lines. Additionally, HOXB7 inhibition suppressed p27-mediated
ALL progression by regulating bFGF and ERK1/2. Our study reveals the
unique role of the HOXB7 in regulating p27-mediated ALL progression
and thus provides novel insight into developing a potential therapeutic
strategy for the treatment of ALL.

Fig. 4. Effects of HOXB7 on bFGF and ERK1/2 signaling, cell viability, and cell cycle in ALL cell lines. The relative protein levels (A) of bFGF and p-ERK1/2 after
HOXB7 inhibition were tested using Western blot analysis in ALL cell lines. N= 3 for each group. ⁎P < .05 and ⁎⁎P < .01 for the HOXB7 siRNA group versus the
non-specific siRNA group. The relative protein levels (B) after incubation with bFGF were tested using Western blot analysis in ALL cell lines with HOXB7 inhibition.
Cell viability (C) and cell cycle (D) were assessed by MTT and by flow cytometry, respectively. N= 3 for each group. ⁎⁎P < .01 for the HOXB7 si-bFGF group versus
the HOXB7 siRNA group. HOXB7 si-bFGF, ALL cell lines with bFGF incubation after HOXB7 inhibition.
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5. Conclusion

HOXB7 may be an important regulator of p27-mediated ALL pro-
gression. Our data indicated that HOXB7 inhibition suppressed p27-
mediated ALL progression by regulating bFGF and ERK1/2. We define a
novel molecular mechanism underlying ALL progression.

Abbreviations

ALL acute lymphoblastic leukemia
bFGF basic fibroblast growth factor
MTT 3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bro-

mide

Fig. 5. HOXB7 controls p27 by regulating bFGF and ERK1/2 signaling. The relative protein levels (A) of p-ERK1/2 and p27 after bFGF and PD98095 incubations
were tested using Western blot analysis in ALL cell lines with HOXB7 inhibition. Cell viability (B) and cell cycle (C) were assessed by MTT and by flow cytometry,
respectively. HOXB7 si-bFGF-DM, ALL cell lines with bFGF and DMSO incubations after HOXB7 inhibition. HOXB7 si-bFGF-PD, ALL cell lines with bFGF and
PD98095 incubations after HOXB7 inhibition. N= 3 for each group. ⁎P < .05 and ⁎⁎P < .01 for the HOXB7 si-bFGF-PD group versus the HOXB7 si-bFGF-DM group.
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BrdU bromodeoxyuridine
RT-qPCR real-time quantitative polymerase chain reaction
PVDF polyvinylidene fluoride
SD standard deviation

Disclosures

No conflicts of interest, financial or otherwise, are declared by the
authors.

Acknowledgements

None.

References

[1] P.D. Lam, A. Kuribayashi, J. Sakamoto, S. Nakamura, H. Harada, T. Kurabayashi,
Imaging findings of childhood B-cell lymphoblastic lymphoma in the mental region:
a case report, Dentomaxillofac. Radiol. 46 (2017) 20160313.

[2] T. Sanda, W.Z. Leong, TAL1 as a master oncogenic transcription factor in T-cell
acute lymphoblastic leukemia, Exp. Hematol. 53 (2017) 7–15.

[3] M. Zaliova, O. Zimmermannova, P. Dorge, C. Eckert, A. Moricke, M. Zimmermann,
et al., ERG deletion is associated with CD2 and attenuates the negative impact of
IKZF1 deletion in childhood acute lymphoblastic leukemia, Leukemia 28 (2014)
182–185.

[4] J.M. Ribera, A. Oriol, M. Morgades, P. Montesinos, J. Sarra, J. Gonzalez-Campos,
et al., Treatment of high-risk Philadelphia chromosome-negative acute lympho-
blastic leukemia in adolescents and adults according to early cytologic response and
minimal residual disease after consolidation assessed by flow cytometry: final re-
sults of the PETHEMA ALL-AR-03 trial, J. Clin. Oncol. 32 (2014) 1595–1604.

[5] A. Divoux, H. Xie, J.L. Li, K. Karastergiou, R.J. Perera, R.J. Chang, et al., MicroRNA-
196 regulates HOX gene expression in human gluteal adipose tissue, Obesity (Silver
Spring) 25 (2017) 1375–1383.

[6] W. Yuan, X. Zhang, Y. Xu, S. Li, Y. Hu, S. Wu, Role of HOXB7 in regulation of
progression and metastasis of human lung adenocarcinoma, Mol. Carcinog. 53
(2014) 49–57.

[7] X. He, Z. Liu, Y. Xia, J. Xu, G. Lv, L. Wang, et al., HOXB7 overexpression promotes
cell proliferation and correlates with poor prognosis in gastric cancer patients by
inducing expression of both AKT and MARKs, Oncotarget 8 (2017) 1247–1261.

[8] M. Takasato, P.X. Er, M. Becroft, J.M. Vanslambrouck, E.G. Stanley, A.G. Elefanty,
et al., Directing human embryonic stem cell differentiation towards a renal lineage
generates a self-organizing kidney, Nat. Cell Biol. 16 (2014) 118–126.

[9] M. Tsuboi, K. Taniuchi, T. Shimizu, M. Saito, T. Saibara, The transcription factor
HOXB7 regulates ERK kinase activity and thereby stimulates the motility and in-
vasiveness of pancreatic cancer cells, J. Biol. Chem. (2017).

[10] M.R. Heideman, A. Frei, N.E. Hynes, Targeting a novel ER/HOXB7 signaling loop in
tamoxifen-resistant breast cancer, Cancer Discov. 5 (2015) 909–911.

[11] H.B. Huan, D.P. Yang, X.D. Wen, X.J. Chen, L. Zhang, L.L. Wu, et al., HOXB7 ac-
celerates the malignant progression of hepatocellular carcinoma by promoting
stemness and epithelial-mesenchymal transition, J. Exp. Clin. Cancer Res. 36
(2017) 86.

[12] R. Ma, D. Zhang, P.C. Hu, Q. Li, C.Y. Lin, HOXB7-S3 inhibits the proliferation and
invasion of MCF-7 human breast cancer cells, Mol. Med. Rep. 12 (2015)
4901–4908.

[13] A. Nguyen Kovochich, M. Arensman, A.R. Lay, N.P. Rao, T. Donahue, X. Li, et al.,
HOXB7 promotes invasion and predicts survival in pancreatic adenocarcinoma,
Cancer 119 (2013) 529–539.

[14] J.Q. Cai, X.W. Xu, Y.P. Mou, K. Chen, Y. Pan, D. Wu, Upregulation of HOXB7
promotes the tumorigenesis and progression of gastric cancer and correlates with
clinical characteristics, Tumour Biol. 37 (2016) 1641–1650.

[15] M.K. Joo, J.J. Park, H.S. Yoo, B.J. Lee, H.J. Chun, S.W. Lee, et al., The roles of
HOXB7 in promoting migration, invasion, and anti-apoptosis in gastric cancer, J.
Gastroenterol. Hepatol. 31 (2016) 1717–1726.

[16] Z.C. Liu, H.S. Wang, G. Zhang, H. Liu, X.H. Chen, F. Zhang, et al., AKT/GSK-3beta
regulates stability and transcription of snail which is crucial for bFGF-induced
epithelial-mesenchymal transition of prostate cancer cells, Biochim. Biophys. Acta
1840 (2014) 3096–3105.

[17] J. Starkova, B. Zamostna, E. Mejstrikova, R. Krejci, H.A. Drabkin, J. Trka, HOX gene
expression in phenotypic and genotypic subgroups and low HOXA gene expression
as an adverse prognostic factor in pediatric ALL, Pediatr. Blood Cancer 55 (2010)
1072–1082.

[18] C. Ventura, M. Nunez, V. Gaido, C. Pontillo, N. Miret, A. Randi, et al.,
Hexachlorobenzene alters cell cycle by regulating p27-cyclin E-CDK2 and c-Src-p27
protein complexes, Toxicol. Lett. 270 (2017) 72–79.

[19] B.S. Ferguson, H. Nam, R.F. Morrison, Curcumin inhibits 3T3-L1 preadipocyte
proliferation by mechanisms involving post-transcriptional p27 regulation,
Biochem. Biophys. Rep. 5 (2016) 16–21.

[20] T. Satoh, D. Kaida, Upregulation of p27 cyclin-dependent kinase inhibitor and a C-
terminus truncated form of p27 contributes to G1 phase arrest, Sci. Rep. 6 (2016)
27829.

[21] H. Wang, H. Chen, H. Zhou, W. Yu, Z. Lu, Cyclin-dependent kinase inhibitor 3
promotes cancer cell proliferation and tumorigenesis in nasopharyngeal carcinoma
by targeting P27, Oncol. Res. 25 (9) (2017) 1431–1440.

[22] A. Watanabe, H. Suzuki, T. Yokobori, M. Tsukagoshi, B. Altan, N. Kubo, et al.,
Stathmin1 regulates p27 expression, proliferation and drug resistance, resulting in
poor clinical prognosis in cholangiocarcinoma, Cancer Sci. 105 (2014) 690–696.

[23] W.T. Liao, D. Jiang, J. Yuan, Y.M. Cui, X.W. Shi, C.M. Chen, et al., HOXB7 as a
prognostic factor and mediator of colorectal cancer progression, Clin. Cancer Res.
17 (2011) 3569–3578.

[24] A.J. Bean, R. Elde, Y.H. Cao, C. Oellig, C. Tamminga, M. Goldstein, et al., Expression
of acidic and basic fibroblast growth factors in the substantia nigra of rat, monkey,
and human, Proc. Natl. Acad. Sci. U. S. A. 88 (1991) 10237–10241.

[25] S. Kase, K. Yoshida, T. Harada, C. Harada, K. Namekata, Y. Suzuki, et al.,
Phosphorylation of extracellular signal-regulated kinase and p27(KIP1) after retinal
detachment, Graefes Arch. Clin. Exp. Ophthalmol. 244 (2006) 352–358.

[26] W. Tu, X. Zhu, Y. Han, Y. Wen, G. Qiu, C. Zhou, Overexpression of HOXB7 is as-
sociated with a poor prognosis in patients with gastric cancer, Oncol. Lett. 10
(2015) 2967–2973.

[27] G. Bredholt, M. Mannelqvist, I.M. Stefansson, E. Birkeland, T.H. Bo, A.M. Oyan,
et al., Tumor necrosis is an important hallmark of aggressive endometrial cancer
and associates with hypoxia, angiogenesis and inflammation responses, Oncotarget
6 (2015) 39676–39691.

[28] S.Q. Chen, Q. Cai, Y.Y. Shen, X.Y. Cai, H.Y. Lei, Combined use of NGF/BDNF/bFGF
promotes proliferation and differentiation of neural stem cells in vitro, Int. J. Dev.
Neurosci. 38 (2014) 74–78.

[29] S. Verstovsek, H. Kantarjian, A. Aguayo, T. Manshouri, E. Freireich, M. Keating,
et al., Significance of angiogenin plasma concentrations in patients with acute
myeloid leukaemia and advanced myelodysplastic syndrome, Br. J. Haematol. 114
(2001) 290–295.

[30] D.I. Marks, K.A. Woo, X. Zhong, F.R. Appelbaum, V. Bachanova, J.N. Barker, et al.,
Unrelated umbilical cord blood transplant for adult acute lymphoblastic leukemia
in first and second complete remission: a comparison with allografts from adult
unrelated donors, Haematologica 99 (2014) 322–328.

[31] S. Gu, W. Gu, J. Shou, J. Xiong, X. Liu, B. Sun, et al., The molecular feature of HOX
gene family in the intramedullary spinal tumors, Spine (Phila Pa 1976) 42 (2017)
291–297.

[32] S. Liu, K. Jin, Y. Hui, J. Fu, C. Jie, S. Feng, et al., HOXB7 promotes malignant
progression by activating the TGFbeta signaling pathway, Cancer Res. 75 (2015)
709–719.

[33] H. Heinonen, T. Lepikhova, B. Sahu, H. Pehkonen, P. Pihlajamaa, R. Louhimo, et al.,
Identification of several potential chromatin binding sites of HOXB7 and its
downstream target genes in breast cancer, Int. J. Cancer 137 (2015) 2374–2383.

[34] F.T. Liu, Y.X. Ou, G.P. Zhang, C. Qiu, H.L. Luo, P.Q. Zhu, HOXB7 as a promising
molecular marker for metastasis in cancers: a meta-analysis, OncoTargets Ther. 9
(2016) 2693–2699.

[35] Y. Yang, J. Chen, Q. Chen, Upregulation of HOXB7 promotes proliferation and
metastasis of osteosarcoma cells, Mol. Med. Rep. 16 (2017) 2773–2778.

[36] K. Wang, J. Jin, T. Ma, H. Zhai, MiR-376c-3p regulates the proliferation, invasion,
migration, cell cycle and apoptosis of human oral squamous cancer cells by sup-
pressing HOXB7, Biomed. Pharmacother. 91 (2017) 517–525.

[37] I. Peschel, S.R. Podmirseg, M. Taschler, J. Duyster, K.S. Gotze, H. Sill, et al., FLT3
and FLT3-ITD phosphorylate and inactivate the cyclin-dependent kinase inhibitor
p27Kip1 in acute myeloid leukemia, Haematologica 102 (2017) 1378–1389.

[38] L. Zhu, C.Y. Chiao, K.G. Enzer, A.J. Stankiewicz, D.V. Faller, Y. Dai, SIRT1 in-
activation evokes antitumor activities in NSCLC through the tumor suppressor p27,
Mol. Cancer Res. 13 (2015) 41–49.

[39] H. Zhao, C.M. Faltermeier, L. Mendelsohn, P.L. Porter, B.E. Clurman, J.M. Roberts,
Mislocalization of p27 to the cytoplasm of breast cancer cells confers resistance to
anti-HER2 targeted therapy, Oncotarget 5 (2014) 12704–12714.

[40] H. Lu, H. Li, D. Mao, Z. Zhu, H. Sun, Nrdp1 inhibits growth of colorectal cancer cells
by nuclear retention of p27, Tumour Biol. 35 (2014) 8639–8643.

[41] A. Agarwal, R.J. Mackenzie, A. Besson, S. Jeng, A. Carey, D.H. LaTocha, et al., BCR-
ABL1 promotes leukemia by converting p27 into a cytoplasmic oncoprotein, Blood
124 (2014) 3260–3273.

[42] E.Y. Lee, Y. Xia, W.S. Kim, M.H. Kim, T.H. Kim, K.J. Kim, et al., Hypoxia-enhanced
wound-healing function of adipose-derived stem cells: increase in stem cell pro-
liferation and up-regulation of VEGF and bFGF, Wound Repair Regen. 17 (2009)
540–547.

[43] M.M. Ferreira, R.E. Dewi, S.C. Heilshorn, Microfluidic analysis of extracellular
matrix-bFGF crosstalk on primary human myoblast chemoproliferation, chemo-
kinesis, and chemotaxis, Integr. Biol. 7 (2015) 569–579.

[44] X. Guo, R. Lian, Y. Guo, Q. Liu, Q. Ji, J. Chen, bFGF and Activin A function to
promote survival and proliferation of single iPS cells in conditioned half-exchange
mTeSR1 medium, Hum. Cell 28 (2015) 122–132.

[45] N. Kitamura, T. Hasebe, T. Matsumoto, A. Hotta, T. Suzuki, T. Yamagami, et al.,
Basic fibroblast growth factor as a potential stent coating material inducing en-
dothelial cell proliferation, J. Atheroscler. Thromb. 21 (2014) 477–485.

[46] X. Yang, J. Hao, Y. Mao, Z.Q. Jin, R. Cao, C.H. Zhu, et al., bFGF promotes migration
and induces cancer-associated fibroblast differentiation of mouse bone mesench-
ymal stem cells to promote tumor growth, Stem Cells Dev. 25 (21) (2016)
1629–1639.

[47] X. Wu, H. Chen, B. Parker, E. Rubin, T. Zhu, J.S. Lee, et al., HOXB7, a homeodomain
protein, is overexpressed in breast cancer and confers epithelial-mesenchymal
transition, Cancer Res. 66 (2006) 9527–9534.

Y. Zhong et al. Life Sciences 218 (2019) 1–7

7

http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0005
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0005
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0005
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0010
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0010
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0015
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0015
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0015
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0015
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0020
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0020
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0020
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0020
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0020
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0025
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0025
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0025
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0030
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0030
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0030
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0035
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0035
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0035
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0040
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0040
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0040
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0045
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0045
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0045
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0050
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0050
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0055
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0055
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0055
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0055
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0060
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0060
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0060
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0065
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0065
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0065
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0070
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0070
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0070
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0075
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0075
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0075
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0080
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0080
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0080
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0080
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0085
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0085
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0085
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0085
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0090
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0090
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0090
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0095
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0095
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0095
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0100
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0100
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0100
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0105
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0105
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0105
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0110
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0110
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0110
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0115
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0115
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0115
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0120
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0120
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0120
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0125
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0125
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0125
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0130
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0130
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0130
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0135
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0135
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0135
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0135
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0140
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0140
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0140
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0145
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0145
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0145
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0145
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0150
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0150
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0150
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0150
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0155
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0155
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0155
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0160
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0160
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0160
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0165
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0165
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0165
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0170
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0170
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0170
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0175
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0175
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0180
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0180
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0180
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0185
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0185
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0185
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0190
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0190
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0190
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0195
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0195
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0195
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0200
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0200
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0205
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0205
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0205
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0210
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0210
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0210
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0210
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0215
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0215
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0215
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0220
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0220
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0220
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0225
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0225
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0225
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0230
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0230
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0230
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0230
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0235
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0235
http://refhub.elsevier.com/S0024-3205(18)30794-X/rf0235

	Inhibition of HOXB7 suppresses p27-mediated acute lymphoblastic leukemia by regulating basic fibroblast growth factor and ERK1/2
	Introduction
	Materials and methods
	Peripheral blood samples and cell lines
	Isolation of peripheral blood lymphocytes
	Real-time quantitative polymerase chain reaction (RT-qPCR)
	Western blot
	Cell transfection
	Cell growth and vitality assay
	Bromodeoxyuridine assay
	Cell cycle detection
	Statistical analysis

	Results
	HOXB7 is increased in peripheral blood lymphocytes of patients with acute lymphoblastic leukemia
	HOXB7 inhibition constrains cell viability and proliferation
	HOXB7 inhibition induces cell cycle arrest and p27 expression
	HOXB7 regulates cell viability and cell cycle via bFGF and ERK1/2 signaling
	HOXB7 controls p27 by regulating bFGF and ERK1/2 signaling

	Discussion
	Conclusion
	Abbreviations
	Disclosures
	Acknowledgements
	References




