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ABSTRACT 

RNA interference (RNAi), an effective approach to sequence-specific gene 

knockdown is widely used for the investigation of regulation of gene expression 

in various cells. BCL11A (B cell lymphoma 11A) plays a vital role in the 

evolutionarily different globin gene switches of mammals. In the current study, 

siRNA complementary to BCL11A was used to inhibit the BCL11A gene 

expression in erythroleukemic K562 cells and the expression was evaluated 

through real-time quantitative reverse transcription polymerase chain reaction 

(qRT-PCR) and western blot analysis. On day 7 of cell culture, 1x106 K562 cells 

were transfected with lipofectamine containing BCL11A specific siRNA. 

GAPDH (Glyceraldehyde-3-phosphate dehydrogenase) was used as the reference 

gene to confirm the relative expression level of BCL11A gene mRNA and 

BCL11A protein. After 48 h of transfection, BCL11A specific siRNA produced 

significantly reduction of BCL11A mRNA level in a dose-dependent manner. It 

also affects the level of BCL11A protein. BCL11A siRNAs were equally 

effective at reducing the expression level of BCL11A mRNA and protein. 
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Introduction 

RNA interference (RNAi) has recently emerged as a 

powerful tool for gene knockdown. RNAi has been a recently 

discovered phenomenon for the analysis of regulation of gene 

expression in a variety of cells, by which target messenger 

RNA (mRNA) is cleaved by small interfering complementary 

RNA (siRNA) (Sarakul et al., 2008). In RNA interference 

dsRNA facilities the homologous mRNA degradation, in that 

way causes the diminishing or abolishing gene expression 

(Fire et al., 1988; Nakayashiki & Nguyen, 2008). The 

dsRNAs get introduced into the cell and then in the 

cytoplasm they are processed by an enzyme of the Dicer 

family into small interfering RNAs (siRNAs). Next, siRNA is 

assembled into an RNA-induced silencing complex (RISC). 

Finally, antisense siRNA strands guide the RISCs to 

complementary RNA molecules, where they cleave and 

destroy the cognate RNA. This process leaves the genomic 

DNA intact but suppresses gene expression by RNA 

degradation. 

Beta-thalassemia is an autosomal recessive disorder that 

affects the body ability to produce protein called hemoglobin. 

Thalassemia become the most common genetic disorders 

worldwide; around 4.83 percent of the world’s population 

carries globin variants, including 1.67 percent of the 

population who are heterozygous for α-thalassemia and β-

thalassemia (Rund & Rachmilewitz, 2005). In India, children 

born with thalassemia disease reach to 10,000/year. 

Thalassemia arises due to a quantitative defect in the globin 

chain production (Chandrashekar & Soni, 2011). Augmented 

levels of fetal hemoglobin (HbF) can revolutionize the 

severity of the β-hemoglobin disorders, like β-thalassemia. 

Beta-thalassemia is characterized by diverse group of 

inherited mutations causing odd expression of globin genes, 

lead to total absence or quantitative reduction in the synthesis 

of β-globin chains. 

More recently, major advances have been made in the 

discovery of critical modifier genes, such as BCL11A (B cell 

lymphoma 11A), a master regulator of HbF (fetal 

hemoglobin) and hemoglobin switching (Cao et al., 2011). 
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BCL11A gene encodes a C2H2 type zinc-finger protein, 

which is similar to the mouse Bcl11a/Evi9 protein. BCL11A 

on chromosome 2p16 was shown to be a major quantitative 

trait locus for HbF level and F-cell number in several 

populations with or without β-hemoglobinopathy (Chen et 

al., 2009). Moreover, BCL11A plays a central role in the 

evolutionarily different globin gene switches of mammals. As 

an aspect crucial for gamma-globin gene silencing, BCL11A 

can supposed to be consider as a beneficial target to increase 

HbF in a directed manner in beta-thalassemia patients 

(Sankaran et al., 2010). 

K562 is an erythroleukemic cells derived from a chronic 

myeloid leukemia patient in blast crisis (Ghosh et al., 2013). 

Towards achieving our goal, in this study we have examined 

the ability of a siRNA, to inhibit the BCL11A gene 

expression in vitro in human erythromyeloblastoid leukemia 

K562 cells and also measure the protein expression level in 

transfected K562 cells by Western blotting. 

Materials and Methods 

K562 cells 

The human chronic myelogenic leukemia K562 cell line 

was procured from the National Centre for Cell Science, 

Pune. The cells were grown in RPMI 1640 (Himedia, 

AL199S) supplemented with 10% fetal bovine serum, 100 

U/mL penicillin, and 1 mg/mL streptomycin. Cultures were 

incubated at 37°C and 5% CO2. 

siRNA-transfection 

BCL11A gene specific siRNA were procured from Santa 

Cruz Biotechnology, Inc. (sc-43578) along with control 

siRNA (sc-37007). Control siRNA is recommended as a 

negative control for evaluating RNAi off-target effects, and 

in order to verify the accuracy of gene specific siRNA 

dependent RNAi. siRNA was transfected into cells by 

lipofectamineTM 2000 (Invitrogen, USA) solution (Dalby et 

al. 2004). In brief, at 12-24 h before transfection, cultured 

K562 cells were collected and incubated in 500 μL of cell 

culture medium without antibiotics and placed into each well 

of 24-well plate. siRNA was diluted in 50 μL of Opti-MEM I 

Reduced Serum Medium to the assigned amount (0.2, 0.5, 

and 1.0 μg). Suitable negative control siRNA were also 

prepared and diluted in Opti-MEM I Reduced Serum 

Medium in required amounts. Lipofectamine 2000 was also 

diluted in 50 μL of Opti-MEM I Reduced Serum Medium 

and incubated for 5 min at room temperature. The diluted 

siRNA and lipofectamine 2000 were mixed and incubated for 

20 min at room temperature. Then siRNA-lipofectamine 

2000 complexes were added drop by drop to each of the wells 

containing cells and medium and gently mixed with rocking 

the plate back and forth. The cells were incubated at 37°C in 

the presence of 5% CO2 for 24-96 h at CO2 incubator. At last, 

the cells were harvested for determination of mRNA level. 

Total RNA isolation from the K562 cells 

Total RNA was extracted from the K562 cells by using 

TRIZOL reagent according to manufacturer’s instructions 

(Invitrogen, USA). TRIZOL reagent is a ready-to-use reagent 

for the isolation of total RNA from cells and tissues. In RNA 

isolation the cells were first homogenized, in which the cell 

pellet was obtained by centrifugation and lysed in TRIZOL 

reagent by repetitive pipetting. Following homogenization 

0.2 mL of chloroform was added per 1 mL of TRIZOL 

reagent and centrifuged at 12,000 g for 15 minutes at 2 to 

8°C. The mixture separates into a lower red, phenol-

chloroform phase, an interphase, and a colorless upper 

aqueous phase. RNA’s were remains exclusively in the 

aqueous phase. After phase separation RNA precipitation was 

done by mixing with isopropyl alcohol and incubated at 15 to 

30°C for 10 minutes and then centrifuged at 12,000 g for 10 

minutes at 2 to 8°C. After centrifugation, the RNA pellet was 

obtained at the side and bottom of the tube. Then the RNA 

pellet was washed with 75% ethanol, mixed by vortexing and 

centrifuged at 7,500 g for 5 minutes at 2 to 8°C. At the end 

RNA pellet was air dried for 5 to 10 minutes and dissolved in 

RNase-free water stored at -70°C. 

Determination of mRNA level using real time quantitative 

PCR 

First-strand cDNA was synthesized from 1 µg of total 

RNA using a High Capacity cDNA Reverse Transcription Kit 

(Invitrogen, US). The reaction was started by incubating at 

25°C for 10 min, followed by 37°C for 120 min, and finally 

85°C for 5 min. For detection and quantification of mRNA 

levels of BCL11A, Light Cycler 480 (Roche Diagnostics, 

Germany) technology was performed according to the 

manufacturer’s instructions. PCR primers for BCL11A 

mRNA determination were as follows: BCL11A forward 5'-

AAC CCC AGC ACT TAA GCA AA-3' and reverse 5'-CCA 

ATG GGA AGT TCA TCT GG-3'; GAPDH forward 5'-CGA 

GAT CCC TCC AAA ATC AA-3' and reverse 5'-TTC ACA 

CCC ATG ACG AAC AT-3'. The cycling condition was 

initial heating at 45°C for 30 min hold, followed by 95°C for 

2 min hold, 50 cycles of: 95°C for 5 s, 55°C for 10 s (single 
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acquire) and 72°C for 10 s. Specificity of the PCR products 

was confirmed by analysis of the dissociation curve. The 

melting curve analysis program consisted of temperatures 

55°C for 15 s with a heating rate of 0.1°C/s and a continuous 

fluorescence measurement. Target quantities were 

normalized against standard curve and plotting the threshold 

cycle of standard against the DNA concentration. 

Protein extract preparation and Western blot analysis 

Cells were washed with phosphate- buffered saline (PBS) 

(10 mM, pH 7.4), incubated in 200 ml of RIPA lysis buffer 

[150 mM NaCl/1% (wt/vol) Nonidet P-40/0.5% Na 

deoxycholate/0.1% SDS/50 mM Tris·Cl, pH 7.5] on ice for 

30 min, and centrifuged at 13,000 g for 45 min at 4°C. The 

concentration of protein was determined by using absorbance 

spectroscopy. Whole cell extracts equivalent to 100 μg of 

total protein were separated by 8% sodium dodecyl sulfate 

(SDS) polyacrylamide gel electrophoresis and 

electrotransferred to nitrocellulose membranes. The blot was 

placed in blocking buffer (10% non‑fat dry milk, 1% 

Tween‑20; in 20 mM Tris-buffered saline, pH 7.5) for 1 h at 

room temperature and incubated with appropriate anti-human 

primary antibody (Santa Cruz Biotechnology; mouse anti-

human BCL11A/IgG, 1:1,000; mouse anti‑human 

GAPDH/IgG, 1:2000) overnight at 4°C. Blots were incubated 

with anti‑mouse horseradish peroxidase-conjugated 

secondary antibody (1:3,000) for 1 h and detected by 

chemiluminescence using ECL Hyperfilm. 

Results 

Effect of BCL11A siRNAs on the BCL11A expression at the 

mRNA level 

To determine the efficiency of BCL11A inhibition 

following siRNA treatment, BCL11A expression was 

analyzed at the mRNA level. After transfecting the K562 

cells, the mRNA was extracted and quantitated after 48 h of 

transfection. Extracted mRNA was reversely transcribed and 

levels of cDNA were determined by quantitative PCR. The 

qRT‑PCR data shown include at least three independent 

experiments. According to the relative qRT‑PCR formula 

2‑ΔΔC(t) x100% (Livak & Schmittgen, 2001; Schmittgen & 

Livak, 2008), the relative expression levels of BCL11A 

mRNA in K562 cells treated with BCL11A siRNA were 

significantly lower than cells treated with the control siRNA, 

at 48 h after transient transfection. By contrast, the control 

siRNA had a slightly less effect on the expression of 

BCL11A mRNA. As shown in Table 1, BCL11A siRNA 

could specifically suppress BCL11A mRNA level in a dose-

dependent manner (p<0.05 for all siRNA concentrations 

compared to both controls), while the level of BCL11A 

mRNA in negative control was slightly affected. When the 

mRNA levels were normalized with respect to untransfected 

control, mRNA level decreased inversely with increasing 

amounts of used BCL11A siRNA-lipofectamine complex 

(Figure 1). The knockdown efficiency of each of the 

BCL11A siRNA are shown in Figure 1 and Table 1 for the 

three construct: 68%, 63% and 52% respectively.  

The PCR amplified cDNA was also analyzed in 2% 

agarose gel electrophoresis, the results revealed that the PCR 

product of BCL11A gene and GADPH reference gene were 

specifically amplified and having a size of around 160 and 

380 bp, respectively (Figure 2). 

BCL11A siRNAs suppressed BCL11A expression at the 

protein levels in K562 cells 

BCL11A protein levels in transfected K562 cells and 

control K562 cells were assayed by Western blot analysis. 

Western blot analysis confirmed the results of the qRT‑PCR 

analysis (Figure 3).  

 

Table 1. Data obtained from qRT-PCR to quantify BCL11A 

expression in K562 cells following siRNA transfections. 

Identifier C(t) 

BCL11A 

C(t) 

GADPH 

Relative 

BCL11A 

expression 

σ 

Control/ 

Untransfected 

26.95 

26.62 

26.57 

16.76 

16.48 

16.52 
1.01 

 

0.04 

 

Negative 

Control siRNA 

27.13 

27.02 

27.26 

17.05 

16.78 

16.82 
0.93 

 

0.03 

 

0.2 

28.04 

27.83 

27.61 

17.04 

17.36 

17.03 
0.68 

 

0.06 

 

0.5 

28.17 

27.87 

27.63 

17.26 

16.93 

17.09 
0.63 0.09 

 

1 

28.58 

28.35 

28.62 

17.45 

17.27 

17.62 
0.52 0.07 
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Figure 1. Determination of the levels of BCL11A gene mRNA. The levels of BCL11A mRNA relative to untransfected cell 

control were measured. Various amounts of BCL11A siRNA (0.2, 0.5, and 1.0 µg) were transfected into the K562 cells. The 

mRNA levels were determined after 48 h incubation. The numbers above of the bars represent the BCL11A/GADPH mRNA 

ratio. Data are means ± SD of three independent experiments. 

 

 

 

Figure 2. Agarose gel electrophoresis of the amplified PCR product. 
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Figure 3. Determination of the levels of BCL11A protein in transfected K562 cells by Western blot analysis. 

 

Expression of BCL11A protein significantly decreased in the 

K562 cell lines treated with BCL11A siRNA as compared 

with either the negative control siRNA group or untreated 

cells group. No difference in BCL11A levels among the 

control siRNA group and non-transfected cells was found. It 

was found that BCL11A siRNAs were equally effective at 

reducing the expression level of BCL11A mRNA and 

protein. 

Discussion 

Thalassemia is a genetic disorder which occurs due to 

mutation on alpha and beta globin gene. As a result of this 

mutation, reduced synthesis of alpha and beta globin chains 

in the body occurs (Quek & Thein, 2007). Although many of 

the trials controlling the action of the β-globin locus are 

known, the facts of those regulating normal human 

hemoglobin switching and reactivation of HbF in adult 

hematopoietic cells remain to be illuminated. If the molecular 

trials in hemoglobin switching or γ-globin gene reactivation 

were better appreciated and HbF could be totally reactivated 

in adult cells, the approaching might show the way to cure for 

these disorders (Sankaran, 2011). The main intention of this 

study was to observe the knockdown expression of BCL11A 

gene in K562 cell line by the process of RNA interference. 

The present investigation firstly advocates that BCL11A 

plays a very vital role in the evolutionarily different globin 

gene switches of mammals (Buratowski, 2008). Secondly, 

RNA interference (RNAi) has been a recently discovered 

phenomenon for the analysis of regulation of gene expression 

in a variety of cells, by which target messenger RNA 

(mRNA) is cleaved by small interfering complementary RNA 

(siRNA) (Vikas et al., 2012). The technique is now 

established in in-vitro systems, and much work is focused on 

adapting RNAi for in vivo application. 

After transfecting the K562 cells with siRNA, the effect 

of BCL11A expression at the mRNA level was measured by 

qRT-PCR. Also the PCR amplified product was analysed in 

agarose gel electrophoresis. In addition to this the BCL11A 

protein levels were analyzed by western blot analysis. From 

the obtained result it was cleared BCL11A siRNA could 

specifically suppress BCL11A mRNA level in a dose-

dependent manner, while the level of BCL11A mRNA in 

control was not affected. The result also revealed that the 

expression of BCL11A protein significantly decreased in the 

K562 cell lines treated with BCL11A siRNA as compared 

with either the negative control siRNA group or untreated 

cells group. The findings clearly demonstrate the ability of 

RNAi (RNA Interference) to minimize viral reproduction in 

vitro. Such approaches that are achieved on a relatively small 

scale may help to disclose which therapeutic targets would be 

effective in vivo for more broadly applicable small molecule 

approaches. Also small molecules would be ideal as therapies 

in these globally widespread diseases. However, inhibition of 

BCL11A gene expression by RNAi approach can also be 

used as a convenient model for studying pathophysiology of 
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thalassemic cells in vitro, and may possibly be applied to 

increase the fetal Hb levels in severe forms of β-thalassemia 

in a clinical setting. 

This study has accentuated several factors regarding 

RNAi-based knockdown experiments. Firstly, accessibility of 

the mRNA target site to RNAi activity is essential. Secondly, 

off-target knockdown effects, as well as cytotoxicity arising 

from the RNAi process, the transfection conditions or target 

knockdown must be carefully considered. Thirdly, while 

qRT-PCR is an immensely sensitive and powerful technique, 

it can give misleading results if reliable reference genes and 

controls are not used. Further investigations can be done for 

the results obtained in this study on in vivo approach which 

can give us more significant conclusions. 
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