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Abstract. The aim of the present study was to investigate 
regulatory relationships among hypoxia-inducible factor-1α 
(HIF-1α), microRNA and erythroid transcription factors. 
K562 cells were transfected with HIF-1α knockout or with 
overexpression lentivirus of plasmid (MOI 10). The cells were 
divided into 3 groups: the negative control, overexpressing and 
interference groups. The cells were cultured under normoxia 
and hypoxia. Expression of miR-17*, miR-363 and miR-574-5p 
in the three groups was determined by quantitative PCR. 
Expression levels of erythroid transcription factor mRNAs such 
as GATA-1/GATA-2 and nuclear factor‑erythroid 2 (NF-E2) 
were measured using RT-qPCR while the protein expression 
was studied using western blot analysis. Under normoxia or 
hypoxia, the levels of miR-17*, miR-363 and miR‑574-5p in 
the overexpression group were higher than those in the other 
groups. Differences were statistically significant (P<0.05). 
Under hypoxia, the level of miR-363 in the interference group 
was less than that in the negative control group and difference 
was statistically significant (P<0.05). The level of GATA-1 
mRNA in the overexpression group was higher than that in the 
negative control group, however, in the interference group the 
level was lower than that in the overexpression group under 
both normoxic and hypoxic conditions. The level of GATA-2 
mRNA in the interference group was higher than that in 
other two groups under normoxic or hypoxic conditions. The 
NF-E2 mRNA was reversely related to GATA-2. The levels of 
HIF-1α, GATA-1 and NF-E2 mRNAs in the negative control 
under hypoxia were higher than those of normoxia. The level 
of HIF-1α mRNA in the overexpression group in hypoxia was 
lower than that in normoxia, while the GATA-1 and GATA-2 
mRNA showed a reverse association. The levels of HIF-1α and 

GATA-2 mRNA in the interference group under hypoxia were 
higher compared to those of normoxia. Differences were statis-
tically significant (P<0.05). Western blot results suggested that 
GATA-1, GATA-2 and NF-E2 protein expression correlated 
with changes in their respective mRNA transcription levels. 
The results therefore suggested that GATA-l and miR-363 
were involved in the regulation of hematopoiesis via the 
HIF-1α pathway in K562 cells under hypoxic condition. The 
hsa-miR-17* and hsa-miR‑574-5p were not entirely dependent 
on HIF-1α, suggesting possible complex regulatory mecha-
nisms involved in hypoxia.

Introduction

The process of hematopoietic stem cells (HSCs) to red blood 
cells is regulated by external factors such as interleukin-3 
(IL-3), stem sell factor (SCF), granulocyte macrophage 
colony-stimulating factor (GM-CSF) and erythropoietin 
(EPO) (1). Other factors such as intracellular factors Myc, 
Myb, GATA-1, GATA-2, hypoxia-inducible factor-1α (HIF-1α) 
and microRNAs (miRNAs) may play a role in the process (2). 
miRNAs comprise a class of small non-coding RNAs that 
regulate gene expression by degradation of mRNAs or 
translational repression. The biosynthesis of miRNAs is a 
multistep process (3). They are typically transcribed by RNA 
polymerase II (Pol II) and commonly arise from the introns 
of coding genes or from intergenic long non-coding RNAs 
known as primary miRNAs (pri-miRNAs). Pri-miRNAs 
contain one or more miRNAs within hairpins. These hairpins 
are usually cleaved from the pri-miRNA transcript in the 
nucleus by the microprocessor complex, which consists of 
the RNA-binding protein  (RBP) DGCR8 and the RNA 
endonuclease Drosha. The resulting pre-miRNA hairpins 
are transported to the cytoplasm where they are further 
processed into approximately 21-nucleotide long double-
stranded RNAs (dsRNAs) by the endonuclease Dicer. Mature 
single-stranded miRNAs are transferred back into nucleus 
to form nucleoprotein complex formation-induced silencing 
complex (miRNP/RNA-induced silencing complex, miRNP/
RISC). These structures can bind to the 3'UTR region of target 
mRNAs and inhibit the translation or initiate the degradation 
process of target mRNA (4). The degree of pairing between 
miRNA and target mRNA determines the action mode of the 
miRNA/RISC‑inhibiting target mRNA (5,6).
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A wide variety of transcription factors are involved in 
the establishment of hematopoietic cell lineages. GATA 
transcription factors are characterized by a conserved dual 
zinc finger domain. Transcription factor GATA-2 is essential 
for the early stages of hematopoiesis. Primitive and defini-
tive hematopoiesis is abrogated when the GATA-2 gene is 
deleted, and it appears to play a role in the proliferation of 
the early precursors rather than in their differentiation (7,8). 
GATA-2 is abundantly expressed during embryogenesis and 
plays an important role in the specification of the hemato-
poietic lineage during embryogenesis  (9). Haematopoietic 
transcription factor GATA-1 is the founding member of the 
GATA family transcription factors, which is expressed in 
primitive and definitive erythroid cells, megakaryocytes, 
eosinophils, mast cells and the Sertoli cells of the testis (10). 
GATA-1 is essential for normal erythropoiesis (11,12) and is 
directly involved in cell survival. It activates transcription 
of the erythropoietin receptor (EPOR) (13). EPO signaling 
is essential for the survival of erythroid progenitors  (14). 
Transcription nuclear factor‑erythroid 2 (NF-E2) is a target 
for RUNX1 which is essential for the regulation of erythroid, 
megakaryocytic maturation and differentiation as well as 
globin expression  (15). RUNX1 and NF-E2 upregulation 
is not specific for MPNs, but is also seen in polycythemic 
disorders with enhanced HIF signaling (16). The detected 
miRNAs are not less consistent because different laboratories 
selected distinct cell sources. However, miR-223, miR-144, 
miR-451, miR-17, miR-210 and miR-23R are closely related 
to the regulation of erythropoiesis and play important roles in 
erythroid‑directed differentiation, proliferation and matura-
tion of red blood cells. Those miRNAs act on the target genes 
downstream of erythropoiesis-related and regulated develop-
ment and biological function in red blood cells (2). There are 
many studies on miRNA regulation during erythroid differ-
entiation. The erythroid-specific transcription factors, such 
as GATA-1, LMO2, EKLF, and c-kit as miRNA downstream 
target genes or target proteins coordinate to regulate erythroid 
differentiation. The GATA-1 and NF-E2 transcription factors 
also act as upstream factors regulating miRNA199b-5p, 
miRNA199b-5p-27a and miRNA-24 (17,18).

Previous studies focused on classic gene expression 
and erythropoiesis regulation. However, to the best of our 
knowledge, studies on the association between miRNA and 
erythropoiesis are relatively rare. Even fewer studies are 
available concerning hypoxic condition. In the present study, 
we treated K562 cells with HIF-1α lentiviral overexpression 
vector to identify the mechanism of miRNAs and erythroid 
transcription factors in K562 cells under hypoxia to expand 
the theory of erythropoiesis regulation.

Materials and methods

Cell lines and cell culture. The K562 cells lines (frozen by 
the Qinghai Provincial People's Hospital of Hematology 
Research) were cultured in RMPI-1640 complete medium 
(Gibco, Grand Island, NY, USA) with 10% fetal bovine 
serum (FBS) (Sijiqing, Hangzhou, China) and penicillin/
streptomycin (Ybiotech, Shanghai, China). The cells were 
maintained at 37˚C with 5% CO2 and the medium was 
changed every 2-3 days. The cells were divided into 2-3 flasks 

and cultured sequentially. The cells in the logarithmic growth 
phase were used for subsequent experiments.

Cell transfection. For transfection with plasmids, loga-
rithmic growth phase K562 (105) cells were introduced into 
12-well culture plates (final volume of 1 ml) at 60% conflu-
ency and were incubated for 8 h in an incubator (Thermo 
Fisher Scientific, Waltham, MA, USA) with 5% CO2 prior 
to transfection with HIF-1α knockout or HIF-1α lentiviral 
overexpression vector (MOI 10). The transfection reagent 
lentivirus (Cyanogen, Inc., Seattle, WA, USA) was used 
according to the manufacturer's instructions. The K562 cells 
were divided into 3 groups: i) control group with lentiviral 
negative control; ii) interference group with HIF-1α knockout 
lentivirus; and iii) overexpression group with HIF-1α lentiviral 
overexpression vector. Polybrene (Cyanogen, Inc.) was added 
to the groups (final concentration of 5 µg/ml). Fresh medium 
was added (final volume 2 ml) after 8 h incubation with 5% 
CO2. After 72 h, the cells were observed using an inverted 
fluorescence microscope (Olympus, Tokyo, Japan) and then 
transferred to 6-well plates. Puromycin (final concentration 
1 µg/ml) (Solarbio, Beijing, China) was added after 72 h and 
6-well plates were screened for positive cells (19). For hypoxic 
exposure, the positively transfected cells were placed in an 
incubator with 5% CO2. The incubator chamber was tightly 
sealed and thoroughly flushed with 1% O2/5% CO2/balance 
nitrogen and set at 37 ˚C. The cells were harvested after 72 h. 
All the experiments were repeated three times.

RNA extraction, reverse transcription and quantitative PCR. 
Total RNA was extracted using TRIzol reagent (Ambion, 
Carlsbad, CA, USA) and was quantified using a NanoDrop 
2000 spectrophotometer (Thermo Fisher Scientific, Waltham, 
MA, USA). The first strand of cDNA was produced using an 
M-MLV reverse transcriptase (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer's instructions. mRNA 
was quantified by qPCR using TransScript First‑Strand 
cDNA Synthesis SuperMix (TransGen Biotech, Beijing, 
China) with the ABI 7500 Real-Time PCR detection system 
(Applied Biosystems Life Technologies, Foster City, CA, 
USA). PCR reactions were performed in triplex tubes, and 
GAPDH was used as an endogenous control to standardize 
the amount of the sample mRNA. Using 20 µl of the reaction 
system, the reaction condition was: Two-Step PCR amplifica-
tion, pre-denaturing conditions were 95˚C for 30 sec; 95˚C 
reaction for 5 sec, 60˚C annealing for 31 sec with a total of 
40 cycles. The quantification data were analyzed with ABI 
7500 software (Applied Biosystems Life Technologies) (20). 
The primers were synthesized according to the designed 
sequence by Shenggong (Shanghai, China) and were used for 
quantitative PCR: HIF-1α forward, 5'-ATACATGGTACC 
CACGAAGTGTTCCTTTG-3' and reverse, 5'-ATACATCTCG 
AGAAAGAGACAAGTCCA-3'; GATA-1 forward, 5'-ATCAC 
AAGATGAATGGGCAGAA-3' and reverse, 5'-CACAGTGTC 
GTGGTGGTCGT-3'; GATA-2 forward, 5' CATCAAGCCCA 
AGCGAAGA-3' and reverse, 5'-CACAGGCGTTGCAGAC 
AGG-3'; NF-E2 forward, 5'-TGGGACCATCTTCCTTGTG-3' 
and reverse 5'-TTGCCATTGTCATCCTCTTCT-3'; GAPDH 
forward, 5'-ATCAAGAAGGTGGTGAAGCA-3' and reverse, 
5'-CAAAGGTGGAGGAGTGGGT-3'.
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miRNA reverse transcription and PCR. Total RNA was 
extracted using the TRIzol reagent. For miRNA reverse a 
TaqMan® MicroRNA Reverse Transcription kit (Applied 
Biosystems Life Technologies) was used. The RT primer was 
produced by Applied Biosystems Life Technologies and the 
corresponding miRNA.

Reaction system was produced using 7 µl master mix I: 
100 mM dNTPs with dTTP 0.15 µl, MultiScribeTM Reverse 
Transciptase 50 U/µl 1.00 µl, 10X reverse transciptase buffer 
1.5 µl, RNase inhibitor, 20 U/µl 0.19 µl, nuclease-free water 
4.16 µl, 3 µl of 5X RT primer, and 5 µl RNA sample.

Reverse conditions were: 16˚C for 30 min, 42˚C for 30 min, 
85˚C for 5 min. The quantitative PCR reaction system (20 µl) 
was produced using 1.00 µl TaqMan® Small Assay (20X), 
product from 1.33 µl RT reaction, 10 µl TaqMan Universal 
PCR master mix II (2X), and 7.67 µl nuclease-free water. The 
reaction conditions were: Option AmpErase UNG activity 
50˚C for 2 min, enzyme activation 95˚C for 10 min, 40 cycles, 
denaturation at 95˚C for 15 sec, annealing/extension at 60˚C 
for 60 sec.

Protein extraction and western blot assay. The cells were 
collected and washed twice with cold PBS. Cells (1x106) were 
added to 1 ml of RIPA lysis buffer (including 10 µl of 10 mg/ml 
PMSF) (Solarbio). The cell samples were transferred to an 
Eppendorf tube (Axygen, LA, USA) following incubation on 
ice for 30 min. Cell lysate supernatant was collected, divided 
and stored at -20˚C. Subsequently, the cells were centrifuged at 
2,000 x g for 15 min. Total cell extracts were quantified using 
the BCA Protein Assay kit (Vigorous, Beijing, China) within 
Synergy 4 (BioTek, Winooski, VT, USA). Electrophoresis 
sample buffer (4X) (volume = 1/3 of lysates volume) was added 
to the same quality of the protein lysates (volume x protein 
concentration) and placed in a hot water bath for 5  min. 
Cell extracts were fractionated by electrophoresis on 10% 
SDS polyacrylamide gels and proteins were transferred 
to polyvinylidene difluoride membranes (Millipore Corp., 
Billerica, MA, USA). The membranes were blocked with 5% 

non-fat dry milk solution for 2 h and incubated with one of 
the following monoclonal antibodies: anti-HIF-1α (ab75186), 
anti‑GATA-1 (ab76121), anti-GATA-2 (ab109241) and anti-
NF-E2 (ab140598) overnight. The antibodies were rabbit mAb 
to human with a dilution of 1:1000, 1:3000, 1:1000 and 1:1000, 
respectively. Peroxidase‑conjugated AffiniPure goat anti-
rabbit IgG (Solarbio) was subsequently added. After washing 
with TBS-T buffer three times, the membrane was treated 
with Immobilon™ Western Chemiluminescent HRP Substrate 
(Beyotime Institute of Biotechnology, Shanghai, China) and 
exposed to a gel imaging system camera with Image Lab™ 
software version 2.0 (Bio-Rad, Berkeley, CA, USA).

Statistical analyses. Statistical analyses were performed using 
SPSS  17.0 software (SPSS Inc., Chicago, IL, USA). Data 
are presented as the means ± standard deviation (SD) and 
were analyzed using one-way ANOVA in three groups and 
Student's t-test (two-tailed). P<0.05 was considered to indicate 
statistically significant results.

Results

Transfection efficiency of recombinant lentivirus to K562 
cells. As shown in Fig. 1, the optimal MOI was 10 and >90% 
of the cells were transfected.

Erythroid miRNA levels in the negative, overexpression and 
interference groups. The results in Table I and Fig. 2 show 
that the expression of miR-17*, miR-363 and miR-574-5p of 
the negative, overexpression and interference groups were 
determined by qPCR. The results suggested that miR-363 was 
involved in the regulation of hematopoiesis via the HIF-1α 
pathway in K562 cells under hypoxia. miR-17* and miR-
574-5p were not entirely dependent on HIF-1α.

Erythroid transcription factors mRNA and protein expression 
levels. The levels of HIF-1α, GATA-1, GATA-2 and NF-E2 
mRNA in the negative, overexpression and interference groups 

Figure 1. Transfection efficiency. (A) Negative control group (x100), (B) overexpression group (x100), and (C) interference group (x100). The transfection 
efficiency of recombinant lentivirus in K562 cells, optimal MOI=10, >90% of the cells were transfected.
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Table I. Erythroid miRNA levels in the negative control, overexpression and interference groups (means ± SD, n=9).

	 Normoxic	 Hypoxic
	 ---------------------------------------------------------------------------------------------------------	 --------------------------------------------------------------------------------------------------------
Group	 miR-574-3p	 miR-363	 miR-17a	 miR-574-3p	 miR-363	 miR-17a

Negative	 3.16±0.46	 4.31±2.06	 6.25±3.30	 1.92±1.50	 62.00±8.29c	 2.85±2.03
Overexpression	 422.27±95.42a	 2597.27±912.72a	 190.32±68.96a	 114.18±72.64a,c	 465.43±57.29a,c	 48.45±23.20a,c

Interference	 4.21±1.73b	 2.29±0.57b	 8.16±3.40b	 7.76±0.90b,c	 1.70±0.62a,b	 16.07±4.22b

F	 84.480	 32.308	 28.071	 9.077	 227.683	 11.792
P-value	 0.000001	 0.000078	 0.000135	 0.006964	 0.000001	 0.003059

aCompared to the negative control group P<0.05; bcompared to the overexpression group P<0.05; ccompared to normoxia P<0.05. miRNA, microRNA.

Figure 2. Erythroid miRNA levels in the negative control, overexpression and interference groups. (A) Quantitative PCR results under normoxia in the three 
groups. Expression of miR-17*, miR-363 and miR-574-5p in the overexpression group was higher than that in the negative control and interference groups. 
Differences were statistically significant (P<0.05). (B) Quantitative PCR results under hypoxia in the three groups. The miR-17*, miR-363 and miR-574-5p 
expression level in the overexpression group was the highest. miR-363 expression in the interference group was less than that in the negative control group. 
miR-574-5p expression in the interference group was slightly higher than that in the negative group but significantly lower than that in the overexpression group. 
Differences were statistically significant (P<0.05). (C) miRNA expression in the negative control group under normoxia and hypoxia. miR-363 expression 
under hypoxia was higher compared to normoxia and the difference was statistically significant (P<0.05). (D) miRNA expression in the overexpression group 
under normoxia and hypoxia. miR-574-3p, miR-363 and miR-17* expression levels under hypoxia were lower than normoxia. Differences were statistically 
significant (P<0.05). (E) miRNA expression in the interference group under normoxia and hypoxia. miR-574-3p in hypoxia was higher than that in normoxia. 
Differences were statistically significant (P<0.05).
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were determined using quantitative PCR. The results in Table II 
and Fig. 3 show that HIF-1α mediated GATA-1/GATA-2 induc-
tion involved in the regulation of hematopoiesis in K562 cells 
under hypoxia. HIF-1α promoted the expression of NF-E2 
mRNA involvement in hematopoietic regulation. The western 
blot results suggested that the expression of GATA-1, GATA-2 
and NF-E2 proteins was substantially consistent with changes 
in their respective mRNAs (Fig. 4).

Discussion

Hematopoietic differentiation is a process through which 
HSCs differentiate into progenitor cells of each chain and 
then divide into a variety of different forms of mature blood 
cells. Hematopoietic differentiation is an extremely complex 
regulatory process with regard to the regulation of epigen-
etic and transcriptional and post-transcriptional, translation 

Figure 3. Erythroid transcription factor mRNA levels in the three groups. (A) Quantitative PCR under normoxia. HIF-1α mRNA levels in the negative control 
and interference groups were lower than that in the overexpression group while HIF-1α mRNA levels in the interference group was lower than those in the 
negative control group. GATA-1 mRNA expression in the overexpression group was higher than that in the negative group. GATA-1 mRNA expression in the 
interference group was lower than that in the overexpression group. GATA-2 mRNA expression in the interference group was higher than that in the negative 
and overexpression groups. GATA-2 mRNA expression in the overexpression group was lower than that in the interference group. NF-E2-mRNA expression 
in the interference group was lower than the other groups. Differences were statistically significant (P<0.05). (B) Quantitative PCR under hypoxic condition. 
HIF-1α mRNA level in the negative control and interference groups was lower than that in the overexpression group. HIF-1α mRNA level in the interference 
group was lower than that in the negative control group. GATA-1 mRNA in the overexpression group was the highest. GATA-2 mRNA in the interference 
group was the highest. NF-E2 mRNA level in the interference group was the lowest while NF-E2 mRNA level in the overexpression group was lower than 
that in the negative control group. Differences were statistically significant (P<0.05). (C) The transcription level of the four transcription factors in the nega-
tive control group under normoxia and hypoxia. HIF-1α, GATA-1 and NF-E2 mRNAs in the negative control group under hypoxia were higher than that in 
normoxia. Differences were statistically significant (P<0.05). (D) The transcription level of the four transcription factors in the overexpression group under 
normoxia and hypoxia. HIF-1α mRNA level in the overexpression group under hypoxia was lower compared to that under normoxis. GATA-1 and GATA-2 
transcription under hypoxia was higher than under normoxia. Differences were statistically significant (P<0.05). (E) Transcription factor mRNA levels in the 
interference group under normoxia and hypoxia. HIF-1α and GATA-2 mRNA levels under hypoxia were higher than under normoxia. The differences were 
statistically significant (P<0.05). HIF-1α, hypoxia-inducible factor-1α; NF-E2, nuclear factor‑erythroid 2.
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and post-translational levels (21). Erythroid differentiation 
is an important part of hematopoietic differentiation and an 
important way through which the body can produce mature 
red blood cells. It is regulated by specific transcription factors 
that have strong spatial and temporal specificity. For example, 
the transcription factor GATA-2 has a high expression 
level in erythroid precursor cells to maintain the charac-
teristics of stem cells in erythroid differentiation. GATA-1 
expression gradual enhancement promotes the erythroid 
progenitor cells into mature red blood cells (22-26). By the 
end of differentiation, the involvement of EKLF and NF-E2 
transcription factors was detected (12). Previous findings also 
showed that miRNA was a universal mechanism of post-
transcriptional gene regulation that controlled precise gene 
expression (27,28). miRNA was involved in the whole process 
of erythropoiesis regulation, including the differentiation 
of erythroid lineage, appreciation of erythroid progenitor 
cells, terminal differentiation and denucleation of red blood 
cells (29-35). Some researchers obtained a more comprehen-
sive interaction atlas between human CD34+ HSC miRNA 

and mRNA by analyzing miRNA expression and binding of 
the prediction miRNA target gene and corresponding mRNA 
expression profiles of CD34 HSC in human peripheral blood 
and bone marrow, respectively (36). Other studies suggest the 
integration of the miRNA-mRNA analysis (37).

In the present study, K562 cells were transfected with lenti-
viral‑overexpressed and interference HIF-1α gene. Expression 
of miR-17*, miR-363 and miR-574-5p was determined 
by quantitative PCR. The results suggested that miR-17*, 
miR-363 and miR-574-5p expression levels in the overexpres-
sion group were higher than those in the negative control and 
the interference groups under normoxia and hypoxia. miR-363 
expression in the interference group was lower than that in the 
negative control group in hypoxic conditions. The results of 
the present study showed that miR-363 was involved in the 
regulation of hematopoiesis via the HIF-1α pathway in K562 
cells under hypoxia. We also showed that hsa-miR-17* and 
hsa-miR‑574-5p were not entirely dependent on HIF-1α. Other 
factors may be involved in the regulation of the abovemen-
tioned three miRNAs under hypoxia.

Figure 4. Erythroid transcription factor protein expression levels in the negative control, overexpression and interference groups. Western blot results sug-
gested that the expression of GATA-1, GATA-2 and NF-E2 proteins was substantially consistent with the level of their respective mRNA. NF-E2, nuclear 
factor‑erythroid 2.

Table II. Erythroid transcription factor miRNA levels in the negative control, overexpression and interference groups 
(means ± SD, n=9).

	 Normoxic	 Hypoxic
	 --------------------------------------------------------------------------------------------------------------	 --------------------------------------------------------------------------------------------------------------
Group	 HIF-1α	 GATA-1	 GATA-2	 NF-E2	 HIF-1α	 GATA-1	 GATA-2	 NF-E2

Negative	 1.77±0.43	 3.57±0.05	 39.20±5.10	 31.44±8.20	 7.40±1.21c	 5.33±0.76c	 34.11±4.01	 78.13±13.68c

Overexpression	 48.69±12.28a	 4.48±0.61a	 7.45±2.72a	 34.37±13.33	 31.79±5.65ac	 7.73±0.76a,c	 34.28±3.05c	 55.62±18.74a

Interference	 1.52±0.48b	 3.29±0.73b	 59.60±12.90a,b	 16.56±2.29a,b	 2.06±0.28 a-c	 1.72±0.61a,b	 98.91±25.84a-c	 8.09±3.25a,b

F	 58.569	 5.023	 41.498	 4.369	 90.048	 71.638	 24.160	 27.960
P-value	 0.000007	 0.037090	 0.000029	 0.047209	 0.000001	 0.000003	 0.000241	 0.000138

aCompared to the negative control group P<0.05; bcompared to the overexpression group P<0.05; ccompared to normoxia P<0.05. miRNA, microRNA; 
HIF‑1α, hypoxia-inducible factor-1α; NF-E2, nuclear factor‑erythroid 2.
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Quantitative PCR and western blot results showed that 
GATA-1, GATA-2 and NF-E2 transcription level variations 
correlated well with the expression levels of their respective 
proteins. Our results showed that GATA-1 and NF-E2 were 
involved in hematopoiesis regulation via HIF-1α.

On erythroid differentiation regulation in hypoxia, 
erythroid transcription factor and miRNA have also made 
great progress. EPO-EPOR signaling and GATA-1 are neces-
sary to generate the normal erythroid cells and regulate the 
progress of erythroid cell appreciation, differentiation and 
maturation (38-40). Under hypoxic conditions, the overex-
pression of GATA-1 promoted the expression of erythroid 
surface markers CD71 and CD235a by increasing HIF-1α 
in umbilical cord blood CD34+ and K562 cells (41). Results 
from prior studies revealed that hematopoietic GATA-1 as an 
EPOR promoter was involved in the transcriptional regulation 
of various genes in erythrocytes (13,17). Previous experiments 
showed that GATA-1 regulated erythroid‑related globulin, 
heme biosynthetic enzymes, membrane protein and erythroid 
transcription factor genes  (42,43). The experimental data 
suggested that GATA-1 and hsa-miR-363 were regulated by 
HIF-1α under hypoxia. Nevertheless, the association between 
GATA-1 and hsa-miR-363 is unclear and in need of further 
clarification.

Based on the HIF-1α/GATA-l/miR-363/GATA-2 regulatory 
pathways, important gene expression associated with erythroid 
differentiation is regulated by the GATA-1 transcription factor 
and the miRNA of HIF-1α regulation. The regulatory networks 
of hematopoietic differentiation are more dynamic and 
complex due to miRNA involvement. There are many studies 
on the differentiation of GATA-l/GATA-2 regulation through 
the GATA-1/2 switch (22,23,44). Regulation of erythroid 
transcription factor and miRNA under hypoxia condition 
have been the subject of at least one study (45). It was shown 
that miRNA-17 enhanced expansion and promoted erythroid 
differentiation via HIF-1α in cord blood CD34+ cells (45). Under 
hypoxic conditions, miRNA-210 overexpression increased 
the expression of globin genes and promoted the maturation 
of erythroids in K562 cells and erythroid progenitor cells 
in thalassemia. The opposite occurred after the expression 
of miRNA-210 was suppressed (46,47). Our results suggest 
that GATAl and miR-363 were involved in the regulation of 
hematopoiesis via the HIF-1α pathway in K562 cells under 
hypoxic condition. We found that hsa-miR-17* and hsa-miR-
574-5p were not entirely dependent on HIF-1α and there may be 
more complex regulatory mechanisms involved under hypoxia.
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