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Abstract We sought to determine the expression levels of

hypoxia-inducible factor-1a (HIF-1a) in the bone marrow

chronic myelogenous leukemia (CML) patients. We also

tried to determine the roles HIF-1a in the proliferation of

CML cells by small interfering RNA (siRNA) knockdown.

Real-time PCR was performed to determine the expression

levels of HIF-1a in the bone marrows of CML patients and

healthy volunteers. HIF-1a knockdown by siRNA in K562

cells was confirmed by RT-PCR. Proliferation and colony

formation of the treated cells were determined by CCK8

after HIF-1a knockdown. RT-PCR and western blotting

were performed to detect mRNA and protein levels of p21

and p53 in K562 cells. HIF-1a mRNA expression in the

bone marrow of CML patients was significantly higher than

that in the control, which was statistically significant

(P\ 0.05). HIF-1a knockdown dramatically reduced the

proliferation of K562 cells, which was also statistically

significant (P\ 0.05). HIF-1a knockdown markedly

reduced the colony formation ability of K562 cells, which

was also statistically significant (P\ 0.05). The mRNA and

protein expression of p21 were significantly reduced in

K562 cell after HIF-1a knockdown with affecting the

mRNA and protein levels of p53. HIF-a promotes chronic

CML cell proliferation by up-regulating p21 expression
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p53

Introduction

Chronic myelogenous leukemia (CML) is a disease derived

from hematopoietic stem cells. The main feature of the

disease at the molecular level is the generation of Phila-

delphia chromosome and BCR/ABL onco-protein by

t(9;22) chromosomal translocation. The fusion protein

BCR/ABL exhibits very high tyrosine kinase activity,

which can induce malignant transformation of cells.

Hypoxia-inducible factor-1a (HIF-1a) is a nuclear protein

with transcriptional activity, which performs a variety of

biological functions. It exhibits especially high expression

during tumor growth in a low oxygen environment [1].

However, the expression level of HIF-1a in patients with

chronic myeloid leukemia and how it is correlated with the

pathogenesis of chronic myeloid leukemia remain to be

understood. Here, we detected and analyzed the expression

levels of HIF-1a in patients with CML. We also knocked

down the expression of HIF-1a by small interfering in

CML cell lines and analyzed how HIF-1a impacts on the

proliferation of these cell lines to explore the possible

molecular mechanisms of HIF-1a during the pathogenesis

of CML.

Materials and Methods

Patient Samples

Five bone marrow samples were collected from CML

patients and three from healthy volunteers. All the samples

were obtained by bone marrow biopsy. Diagnosis and

staging were according to ‘‘The diagnosis and staging of

blood disorders’’ by Dr. Zhinan Zhang. Healthy controls

were relative, that is to say, slight change in the number of
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blood cells by blood test, but they were confirmed as

normal by biopsies.

Experimental Materials and Methods

K562 CML cell line was used in all the experiments.

Incomplete low glucose DMEM medium and fetal bovine

serum (FBS) were purchased from Gibco (USA). Trizol kit

was from Invitrogen (Shanghai) and cDNA reverse tran-

scription kit was purchased from Femantes (USA). PCR

kit, DNA Marker, DEPC, penicillin, and streptomycin were

purchased from Shengxing Bio limited (Nanjing).

Transfection

LipofectamineTM 2000 was used for the transfection of

K562 cells by siRNA-HIF-1a and HIF-1a plasmid

(Shanghai Genepharma). HIF-1a siRNA sequence was

50-TACGTTGTGAGTGGTATTATT and control sequence

was 50-AATTCTCCGAACGTGTCACGT. Transfection

efficiency was determined by RT-PCR.

Total RNA Extraction and Reverse Transcription

0.2 ml Trizol was added to the collected K562 cell 48 h after

transfection. Total RNA was extracted according to the

manufacturer’s instructions and dissolved in 30 ll DEPC-
treatedwater. The concentration andpuritywas determinedby

UV photo spectrometer (NanoDrop ND-1000). RNA was

further reverse transcribed into cDNAusing Femantes reverse

transcription kit and stored at -20 �C. Real-Time PCR was

performed with Real-Time PCR 7300 machine (ABI). PCR

conditionwas as follows: denature at 95 �C for 20 s, 60 �C for

20 s, and 70 �C for 10 s, the cyclewas repeated 40 times.Data

were quantitated with 2�DDCt method.

Primer sequences

Gene Primer sequence (F: forward R: reverse)

p21 F: 5-AGCAGAGGAAGACCATGTGG

R:5-GGGTATGTACATGAGGAGGT

p53 F: 5-CAGCCAAGTCTGTGACTTGCACGTAC

R: 5-CTATGTCAAAAAGTGTTTCTGTCATC

GAPDH F: 5-TGACGGGGTCACCCACACTGTGCCCATCTA

R: 5-CTAGAAGCATTTGCGGTGGACGATGGAGGG

MCF-7 Cell Proliferation Analysis by CCK-8

K562 cells were transfected with control and HIF-1a siR-

NA at 50–60 % confluency. DMEM and Cell Counting

Kit-8 (CCK-8, cell signaling, USA) were mixed in the ratio

of 1:10 and added into each well 0, 24, 48, and 72 h after

transfection. OD was measured at 450 nm by photo spec-

trometer, and cell growth curve was graphed with the data.

Western Blotting

K562 cells were collected 48 h after HIF-1a knockdown

and lysed with 19 SDS cell lysis buffer. The samples were

subjected to SDS-PAGE and transferred to membrane at

110 V for 90 min. The membrane was blocked at 37 �C for

2 h and incubated with p21 antibody (Biolegend) and p53

antibody (Biolegend) at 4 �C for 12 h. HRP-conjugated

mouse-anti-rabbit secondary antibody (Nanjin Shengxing

Bio, 1:1000 dilution) was incubated at 37 �C for 40 min

and ECL was used for detected. b-Actin (Sigma Aldrich)

was used as internal control.

Statistics and Graphing

All data were analyzed using SPSS17.0 statistical software,

measurement data were expressed as mean ± standard

deviation, and the two groups were compared student’s

t test. P\ 0.05 was considered as statistically significant.

Results

Increased HIF-1a Expression in Bone Marrows of CML

Patients

By quantitative real-time PCR, we compared the mRNA

expression of HIF-1a in the bone marrow samples of five

CML patients and three relatively normal patients. Com-

pared with the normal controls, HIF-1a expression

increased significantly in bone marrows from CML patients

(P\ 0.05, Fig. 1). Our results showed that abnormally

high HIF-1a expression occurs in the diseased bone mar-

row microenvironment and HIF-1a could be an important

regulator of bone marrow hematopoietic microenvironment

in CML.

HIF-1a Knockdown Reduced the Proliferation of K562

CML Cells

Compared with controls, HIF-1a knockdown in K562 cells

by siRNA led to marked reduction of HIF-1a mRNA

(Fig. 2a). Significantly reduced proliferation of K562 cells

was observed after HIF-1a knockdown (Fig. 2b), which

was statistically significant (P\ 0.05). Our results indi-

cated that HIF-1a positively promoted CML cell

proliferation.
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HIF-1a Knockdown Decreased the Colony Formation

of K562 CML Cells

Comparedwith controls,HIF-1a siRNA transfectedK562 cells

displayed dramatically reduced colonies (Fig. 3), which was

statistically significant (P\0.05). These results suggested that

HIF-1a is required for the colony formation of CML cells.

HIF-1a Knockdown Resulted in Decreased p21

Expression

We further examined apoptosis-related gene expression after

HIF-1a knockdown. Our results showed that HIF-1a knock-

down significantly decreased p21 mRNA level in K562 cell

(Fig. 4a). However, p53 mRNA level was not noticeably

affected (Fig. 4c). Moreover, the reduction in p21 protein level

was also confirmed after HIF-1a knockdown (Fig. 4b).

Besides, p53 protein level was not affected (Fig. 4d). These

results showed that transcriptional activation of p21 by HIF-1a
was required for the proliferation of CML cells.

Discussion

Hypoxia represents a basic feature of tumor microenvi-

ronment in solid tumors, which can trigger the malignant

transformation or even the metastasis of tumors. Accu-

mulating clinical data have shown that hypoxia inside

tumors is an important indicator for poor prognosis. The

effects of hypoxia are executed by a class of proteins

named hypoxia-inducible factor-1. Among them, HIF-1a is

main subclass with important activity. Its expression can be

induced and kept stable under hypoxia condition [2–4].

Recent studies have identified key roles of HIF-1a during

the occurrence, development, and lymph node metastasis,

and it is also an important indicator for cancer treatment

and prognosis. HIF-1a has been shown to regulate multiple

cancer-related gene expression upon activation, such as

factors related to tumor invasion and metastasis, angio-

genesis, proliferation, and apoptosis [5–8]. HIF-1a helps

cells to adapt to hypoxia environment.

Myelogenous leukemia is a malignant proliferative dis-

ease derived from hematopoietic stem cells, which takes up

more than 20 % of all the adult leukemia. Currently, trans-

location of proto-oncogene c-ab1 on chromosome 9 to the

end of chromosome 22 to form the fused BCR/ABL gene is

one of the major causes of the disease [9], but other relevant

cause and regulatory mechanisms remain to be discovered.

Under normoxia, HIF-1a expression is kept low. However,

HIF-1a expression is induced under hypoxia to complex with

other cytoplasmic protein for signal transduction [10]. During

tumor growth, rapid proliferation of tumor cells leads to local

hypoxia and induce high expression of HIF-1a [11, 12].

Fig. 1 HIF-1a expression levels in the bone marrows of healthy

control and CML patients

Fig. 2 Proliferation of K562

cells after HIF-1a knockdown

Fig. 3 HIF-1a knockdown decreased the colony formation of K562

CML cells
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Thus, we compared HIF-1a expression in the bone marrows

of CML patients and healthy volunteers. We also performed

loss-of-function assays by siRNA knockout to further deter-

mine the roles of HIF-1a in CML.

Our results showed significantly increased HIF-1a in the

bone marrows of CML patients compared with controls,

which suggested important roles HIF-1a in the pathogen-

esis of CML. Using siRNA interference, we were able to

knock down HIF-1a expression in CML cell line and found

reduced proliferation and colony formation ability, which

further confirmed the value of HIF-1a expression levels in

the diagnosis and prognosis of myelogenous leukemias.

Our observation is in line with the proposed roles of HIF-

1a in other malignancies [13–15]. Previous studies have

shown that p53 is an important gene to maintain the normal

cell growth, inhibit malignant proliferation and monitor

genomic DNA integrity. When genomic DNA is damaged,

p53 is activated to transcribe p21 and arrest cell cycle at G1

phase for the repair of the DNA damage. If the repair fails,

p53 immediately initiates apoptosis program to prevent the

formation of mutant cells and subsequent malignant

transformation [16, 17]. Our results showed that HIF-1a
knockdown could significantly inhibit the mRNA and

protein expression of p21 in CML cells without affecting

the mRNA and protein expression of p53. These observa-

tions suggested that HIF-1a could promote CML cell

proliferation by modulating p21 expression [18].

In summary, the expression level of HIF-1a plays an

important role in the pathogenesis of CML, which could

promote the proliferation of CML cell by modulating p21

expression. Further understanding of HIF-1a functions in

CML can be of great clinical value for the prognosis of

CML.
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