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ABSTRACT 
 

Objective: To investigate the characteristics of CGI-100- knockdown K562 cells and the effect of CGI-100 
RNA interference (RNAi) on matrine-treated K562 cells. 

Methods: Three oligonucleotides targeting CGI-100 gene and a pair of negative control containing the same 
nucleotide composition with a different sequence were devised and chemically synthesized. The inhibition efficiency 
of CGI-100 expression by shRNA-CGI-100 in K562 cells was determined using semiquantitative RT-PCR and dot 
blot hybridization. The effect of CGI-100 RNAi on the growth of K562 cells was examined using MTT assay and cell 
differentiation was measured by distinct approaches including flow cytometry, benzidine staining and electron 
microscope. After CGI-100-konckdown K562 cells were incubated with 0.2 mg/ml of matrine or 30 μmol/L of hemin 
for 48 h, the expression levels of Glycophorin A(GPA)(CD235a) and Growth factor independence-1B mRNA(Gfi-1B 
mRNA) were measured by RT-PCR and the protein levels of GPA, CD14 and CD15 were detected by flow cytometry. 

Results: The eukaryotic expression vectors of CGI-100 RNAi were successfully constructed. The 
K562/shRNA-CGI-100 cell line was established in which the inhibition efficiency of CGI-100 gene expression by 
shRNA-CGI-100 was 54%. CGI-100-knockdown inhibited the proliferation and induced erythroid differentiation in 
K562 cells. Compared with the control K562 cells, the K562/shRNA-CGI-100 cells showed decreased absorbance 
value detected by MTT assay, decreased enchromation, increased heterochromation, increased percentage of G0/G1 
phase cells, decreased population of S phase cells, decreased PI (proliferation index of cells), and elevated 
percentage of benzidine-positive cells. Moreover, the sensitivity of K562/shRNA-CGI-100 cells to either matrine or 
hemin was enhanced and the sensitivity of these cells to matrine was higher than that to hemin. Compared with the 
control K562 cells, matrine treatment in K562/shRNA-CGI-100 cells resulted in increased inhibitory rate of 
proliferation, elevated percentage of benzidine-positive cells, obviously up-regulated mRNA expressions of GPA and 
Gfi-1B, and increased mean fluorescence intensity (MFI) of GPA. No CD14 expression was detected and no 
statistical significance was found for the detected CD15. Finally, the MFI of GPA increased in 
K562/shRNA-CGI-100 cells treated with hemin and was 1.7 times less than that in cells exposed to matrine. 

Conclusion: These results suggest that the function of CGI-100 gene is correlated with the deregulated 
proliferation and the block of erythroid differentiation in K562 cells and may also be involved in matrine-induced 
erythroid differentiation in K562 cells. 
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INTRODUCTION 
 

The function of CGI-100 gene which is located 
on chromosome 1p22.1 is largely unknown. Its 
full-length sequence is 3636 bp and the region coding 
protein is located between 113 bp and 802 bp. The 
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CGI-100 protein lies in the fifth transport region of 
human transmembrane protein which is called as 
TMED5 (Homo sapiens transmembrane emp24 
protein transport domain containing 5), an 
important member of P24 protein family[1].  

Our previous studies indicated that CGI-100 
gene was highly expressed in K562 cells. Its 
overexpression might accelerate the proliferation of 
K562 cells and increase the percentage of S phase 
cells and degree of malignancy of these cells. 
Besides these, the expression of CGI-100 mRNA 
decreased rapidly in matrine-induced erythroid 
differentiation and apoptosis in K562 cells and 
maintained at a low level after a prolonged time of 
matrine exposure [2]. Therefore, we hypothesized that 
CGI-100 gene may be involved in malignant 
proliferation of leukemia cells and the pathway of 
matrine-mediated differentiation and apoptosis in 
K562 cells.    

To prove this hypothesis, we successfully 
constructed the eukaryotic expression vectors of 
CGI-100 RNAi and established the K562/shRNA- 
CGI-100 cell line using CGI-100 specific shRNA. We 
found that CGI-100 specific shRNA inhibited cell 
growth and induced erythroid differentiation in K562 
cells. In addition, CGI-100 gene knockdown increased 
the sensitivity of K562 cells to matrine and hemin, 
respectively. The sensitivity of the K562/shRNA- 
CGI-100 cells to matrine was higher than that to 

hemin. These results suggest that the function of 
CGI-100 gene is correlated with the deregulated 
proliferation and the block of erythroid differentiation 
in K562 cells and may also be involved in 
matrine-induced erythroid differentiation in K562 
cells. 
111111 
 

MATERIALS AND METHODS 
 
Short-hairpin RNA Design 
 

Three pairs of shRNA were designed according 
to CGI-100 gene sequence in the Genbank following 
the rules of shRNA interference[3]. Each pair 
containing a unique19-nt double-stranded human 
CGI-100 sequence is presented as an inverted 
complementary repeat and separated by a loop of -nt 
spacer plus BamHI restriction site in the upstream 
sequence and plus HindIII restriction site in 
downstream. In order to exclude the possibility that 
other genes were interfered, the interfere sequence 
were compared with the sequence from GeneBank. 
The same base composition with a different sequence 
was regarded as a negative control. Then the shRNA 
interference sequences were synthesised by Invitrigen 
Company. Annealed oligonucleotides were subcloned 
into the pGenesil-1 expression vectors (Jingsai, 
Wuhan) and sequence verified, as shown in Table 1. 

 
Table 1. Oligonucleotide sequences of GCI-100 specific CGI-100 shRNA and negative control shRNA 

 

Name  Sequence of shRNA 
 

CGI-100/shRNA1 sense:5’-GATCCCAGGCACAAGAACAAGAAGTTCAAGAGATTCTTGTTTTGTGCC 
 TTTTTTTA-3’  antisense: 5’-AGCTTAAAAAACAGGCACAAGAACAAGAAGTCTC 
 TTGAACTTCTTGTTCTTGTGCCTGG-3’ 

CGI-100/shRNA2 sense: 5’-GATCCGCTCGTGATCGAAACATACTTCAAGAGAGTATGTTTCGATCAC 
 GACTTTTTTA-3’ antisense: 5’-AGCTTAAAAAAGCTCGTGATCGAAACATACTCTC 
 TTGAAGTATGTTTCGATCACGAGCG-3’ 
   CGI-100/shRNA3 sense: 5’-GATCCGTGGGCACATACAAATTCTTTCAAGAGAAGAATTTGTATGTGC 
 CCACTTTTTTA-3’ antisense: 5’-AGCTTAAAAAAGTGGGCACATACAAATTCTTCT 
 CTTGAAAGAATTTGTATGTGCCCACG-3’ 
   Negative control sense: 5’-GATCCGCTTCATAAGGCGCATAGCTTCAAGAGAGCTATGCGCCTTATG 
 AAGCTTTTTTA-3’antisense: 5’-AGCTTAAAAAAGCTTCATAAGGCGCATAGCTCT 
 CTTGAAGCTATGCGCCTATGAAGCG-3’ 

 
 
Cell Culture and Transfection  
 

K562 cells (leukemia cell line, from Shanghai 
Institute for Biological Sciences, Chinese Academy of 
Sciences) were cultured in RPMI 1640 medium 
supplemented with 10% fetal bovine serum (Sijiqing, 

Hangzhou), at 37°C with 5% CO2.  According to 
manufacturer’s recommendation, K562 cells were 
transfected by LipofectamineTM2000 (Invitrogen, 
USA) with empty pGenesil, negative control/shRNA, 
CGI-100/shRNA1, CGI-100/ shRNA2 and CGI-100/ 
shRNA3 respectively. Cells were seeded in a 24-well 
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plate at a concentration of 1×106 cells/well and 
allowed overnight growth to reach 80% confluency. 
Cells were then transfected with the mixture of 0.8 µg 
plasmid DNA and 2.4 µl of LipofectaminTM 2000. 
Following transfection for 48 h, G418 were added to 
the culture medium for resistance screening. 
 
RNA Isolation and Semiquantitative RT-PCR  
 

Total RNA was extracted from cells of each 
group. First-strand cDNA was synthesized from 1 µg 
of total RNA using Prime Script Kit (TAKARA, 
Dalian). The gene expressions of β-actin, CGI-100, 
GPA and Gfi-1B (growth factor independent 1B 
transcription repressor) were quantified by semi- 
quantitative RT-PCR. The sequences of primers 
(Invitrogen, USA) used in the semi-quantitative RT- 
PCR assays were listed in Table 2. β-actin was used 
as an endogenous control. Gene expression analyze 
was performed with the Quantity One software 
(BIO-RAD, USA). All experiments were repeated for 
at least three times.   

 
 

Table 2. Primers for semi-quantitative RT-PCR 
 

Name  Primer sequence 
β-actin  
  Forward:  5’-CCTAGAAGCATTTGCGGTGG-3’ 

Reverse: 5’-GAGCTACGAGCTGCCTGACG-3’ 
CGI-100  
  Forward: 5’-AACTGCAGATGGGCGACAAGA 

TCTGGCTGCCC3’ 
  Reverse:    5’CGGGATCCTTAAGTTCTACTTTT 

CCTCTTATC-3’ 
GPA  
  Forward:    5’-ACCACTGAGGTGGCAATGCACA 

   CTT-3’ 
  Reverse:     5’-AAAGGCACGTCTGTGTCAGGTG 

AGG-3’ 
Gfi-1B  
  Forward:    5’-AACTTCGAGTGCCGCATGTGC-3’ 

Reverse:    5’-TGATGAGGTTGGAGCTCTGGC-3’ 
 
 
CGI-100 mRNA Detection by Dot Blot Hybridi- 
zation    
 

CGI-100 and Vimentin probe were labeled with 
DIG random primer strictively according to the 
instructions provided by the Company(Roch). 
Labeling efficiency was analyzed with immune 
coloration. Total RNA was extracted from cells of 
each group and blotted on the membrance by specific 
device (BIO-RAD, USA). At the same time, internal 

controls (Vimentin gene) were set up for each sample. 
Hybridization and immune coloration were carried out 
according to the statement by the company(Roch). All 
experiments were repeated for at least three times. 
 
Assessment of Cell Proliferation with MTT  
 

A total of 5×103 cells in 100 µl of the medium 
were plated respectively in 96-well plates. And 24 h 
later, 20 µl of the MTT reagent (Promega, Madison, 
WI) was added and incubated for 2 h. After the 
incubation, absorbance was measured at 490 nm using 
a microplate reader. All experiments were repeated 
for at least four times. The absorbance value was 
measured and proliferation inhibition rate(IR) was 
calculated as: Inhibition rate (IR)=(control group 
A-experimental group A)/control group A × 100%. 
 
Cell Cycle Analysis by Flow Cytomety  
 

A total of 1×104 cells at logarithmic phase were 
seeded into a 6-well culture plate. Then the cells were 
harvested by centrifugation and washed twice with 
ice-cold PBS (pH 7.4). The cells were fixed in ice- 
cold 70% ethanol at least for 24 h at 4°C. Next, the 
cells were washed twice with PBS and resuspended in 
1 ml DNA staining solution (50 μg/ml propidium 
iodide and 100 μg/ml RNase A in PBS) for 30 min. 
The analysis of cell cycle distribution was performed 
by Flow Cytometer and analyzed by CellQuest 
software package. Each experiment was repeated 
three times. Cell proliferation index (PI) was 
Calculated using the cell proliferation index formula: 
PI (%)=(S + G2/M)/(G1 + S + G2/M) × 100%. 
 
Transmission Electron Microscopy 
 

Cells were collected, adjusted to 2×106/ml, 
treated with 4% glutaraldehyde, fixed by 1% osmium 
tetroxide, dehydrated with ethanol and acetone 
gradually, embedded by resin, and finally, observated 
with transmission electron microscopy after citrate 
staining. 
 
 
Benzidine Staining  
 

According to the method described in previous 
report[4], cells were seeded into a 24-well culture plate 
and cultured at 37°C with 5% CO2 for 48 h. Then, 
30μl of fresh benzidine staining were added at room 
temperature for 5 min. Blue cells observed by micro- 
scope were the positive cells and the percentage of 
positive cells was calculated from a total of 200 cells.  
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Detection of GPA, CD14 and CD15 Protein  
 
A total of 1×105 cells were seeded into a 6-well 

culture plate. After treatment the cells were harvested 
and monoclonal antibody (PE-tag, eBiosciecce 
Company) was added. The differentiation antigens of 
GPA, CD14 and CD15 were analyzed by flow 
cytometry. Moreover, logarithmic phase cells of each 
group were incubated with 30 μmol/L hemin (Sigma 
Company) for 24 h, the GPA protein tested.  
 
Statistical Analysis 

 
Statistical analysis was carried out using SPSS 

11.5 software package for Windows. Data were 
showed as x ± s. The analysis of variance was used 
to assess the difference in expression level of 
multi-group comparison. LSD method was used for 
inter-group comparison. A P value less than 0.05 was 
considered statistically significant. 

 
 

RESULTS 
 

CGI-100-knockdown by shRNA 
 

shRNA recombinant vectors including CGI-100/ 
shRNA1, CGI-100/shRNA2, CGI-100/shRNA3 and 
negative control/shRNA were successfully established 
and correctly sequence-verified. Compared with other 
groups, inhibitory efficiency of CGI-100 gene 
expression in CGI-100/shRNA1 group reached 54%. 
Statistical analysis showed no significant difference 
among the K562 control group, empty vector group 
and negative control /shRNA group (Figure 1). Hence, 
K562/shRNA-CGI-100-1 named as K562/shRNA- 
CGI-100 cells with the highest inhibition of CGI-100 
expression was selected for the following 
experiments. 
 
Effects of CGI-100-knockdown on K562 Cell 
Proliferation and Ultrastructures 
 

The growth curve of each cell group indicated 
that the cell proliferation rate was much lower in 
K562/shRNA-CGI-100 cells compared with the 
untransfected K562 cells and K562/shRNA-pGenesil 
cells(P<0.05). The untransfected K562 and K562/ 
shRNA-pGenesil cells amplified very quickly, but no 
statistical significance was found for the difference 
(P>0.05) (Figure 2A). Additionally, we analyzed the 
effect of CGI-100-knockdown on ultrastructure in 
K562 cells. As shown in Figure 2B, electron 
microscopy indicated that most euchromatin, 
endocytoplasmic reticulum and bioblast were prone to 

be fond in K562/shRNA-CGI-100 cells. However, 
those organelles were much small in K562 cells. 
Additionally, phenomenona of chromatospherite 
excursion and nucleus introcession were obviously 
observed in K562 cell. 
 

 

 
 
Figure 1. RNA interference mediated gene silencing of 
CGI-100 in K562 cells 2 weeks post-transfection. (A) 
CGI-100 mRNA transcripts detected by semi- quantitative 
RT-PCR and dot blot hybridization. M. DNA 2,000 marker; 
Lane 1. K562/shRNA-CGI-100-1; Lane 2. K562/shRNA- 
CGI-100-2; Lane 3. K562/ shRNA-CGI-100-3; Lane 4. 
K562/shRNA- pGenesil; Lane 5. K562/shRNA-Negative; 
Lane 6. K562. (B) Diagram presentation of OD ratios 
obtained for each corresponding lane or dot. Obviously, K562 
cells transfected with CGI-100/shRNA1 exhibit the least 
transcription of CGI-100. *: P<0.05 vs K562/ shRNA- 
pGenesil and K562/shRNA-Negative and K562. 

 
 
Effects of CGI-100-knockdown on Benzidine- 
Positive Staining 
 

Compared with control K562 cells, the 
percentage of benzidine-positive staining cells of 
K562/shRNA-CGI-100 increased from 3% to 7% 
(P<0.05). After both groups were treated with 
0.2mg/ml of matrine, the percentage of benzidine- 
positive staining cells increased from 16% to 23% 
(P<0.05). However, the percentage of benzidine- 
positive staining cells between untransfected K562 
and K562/shRNA-pGenesil cells was almost the same 
and no statistical significance was found (P>0.05) 
(Figure 4A). 

javascript:showjdsw('showjd_0','j_0')�
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              K562      K562/shRNA-CGI-100 
 
 
Figure 2. CGI-100 specific shRNA inhibites the proliferation 
of K562 cells (A) Proliferation curve of cells. (B) Electron 
microscopy of K562 and K562/ shRNA-CGI-100 cells; more 
euchromatin and endocytoplasmic reticulun and bioblast were 
found in K562/shRNA-CGI-100 cells, and chromatospherite 
exursion and nucleus introcession were obvious in K562 
cells. *: P<0.05 vs control group.  
 

 
Figure 3. The effects of CGI-100 specific shRNAs on cell 
cycle. *: P<0.05 vs control group. 

 
Effects of CGI-100-konckdown on Cell Cycle  
 

After inhibition of CGI-100 expression in K562 
cells, Cell cycle was examined. Figure 3 showed the 
mean values of triplicate experiments. In comparison 
with in K562/shRNA-pGenesil and untransfected 
K562 cells, the percentage of G0/G1 stage cells in 
K562/shRNA-CGI-100 cells increased from 21% to 

35%. Cell population at S phase decreased from 56% 
to 38% (P<0.05). However, there was no statistically 
significant difference between K562/shRNA-pGenesil 
and untransfected K562 cells. 
 
Effects of CGI-100-konckdown on the Inhibition 
Effect of Matrine   
 

It was reported that matrine which were extracted 
from kuhseng inhibited proliferation of K562 cells. 
Here we investigated whether sensitivity of K562 to 
matrine can be enhanced after knockdown of CGI-100 
gene. Compared with control K562 cells, the 
inhibitory rate of proliferation of K562/shRNA-CGI- 
100 cells increased from 41% to 62% (P<0.05) after 
exposure to 0.2mg/ml of matrine (Figure 4B).    

 

 
Figure 4. The effect of CGI-100 specific shRNAs on the 
percentage of benzidine-positive cells (A) and inhibition rate 
(B) *: P<0.05 vs control group. 

 
Effects of CGI-100-knockdown on the Expressions 
of GPA and Gfi-1B mRNA  
 

After K562/shRNA-CGI-100 and control K562 
cells were treated with 0.2 mg/ml matrine, GPA 
mRNA expressions in both samples were increased. 
But the increase of GPA mRNA expression in 
K562/shRNA-CGI-100 was higher than in control 
K562 cells (P<0.05). Likewise, the mRNA expression 
of Gfi-1B in K562/shRNA-CGI-100 was obviously 
increased (P<0.05) (Figure 5). 



www.springerlink.com                           Chin J Cancer Res 22(2):126-134, 2010                             

 

131 

 
Figure 5. The effect of CGI-100 specific shRNAs on GPA 
and Gfi-1B mRNA expression measured by RT-PCR. *: P 
<0.05 vs control group. 

 

Effects of CGI-100-konckdown on Protein Levels 
of CD14, CD15 and GPA   
 

To determine the effect of CGI-100-konckdown 
on matrine-induced differentiation in K562 cells, we 
investigated the expression levels of GPA, CD14 and 
CD15 in K562/shRNA-CGI-100 cells as well as 
control K562 cells treated with 0.2 mg/ml of matrine 
respectively. No expression of CD14 was tested. 
Although CD15 was found to be expressed in all the 
cells, no statistical significance was obtained 
(P>0.05). However, compared to control K562 cells, 
the mean fluorescence intensity (MFI) of GPA in 
K562/shRNA-CGI-100 cells increased by 31% 
(P<0.05) (Figure 6). 

 

 

 
Figure 6. MFI of CD14, CD15 and GPA (MFI: mean fluorescence intensity). (A) MFI of CD14, CD15 and GPA in each group 
by flow cytometry; (B) MFI of GPA and CD15 expression in K562 cells, K562/shRNA-pGenesil cells and 
K562/shRNA-CGI-100 cells (n=4, MFI, x ± s). *P<0.05 vs control group.
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Figure 7. MFI values of GPA expression in K562/ shRNA- 
CGI-100 cells (n=4, MFI,x±s). *P<0.05 vs control group.  

 
To evaluate the efficiency of matrine as an 

inducer of erythroid differentiation in K562 cells, 
K562/shRNA-CGI-100 cells and control K562 cells 
were treated with 30μmol/L hemin, which is 
generally accepted as a powerful erythroid 
differentiation inducer. Compared with control 
K562 cells, the MFI of GPA in K562/shRNA- 
CGI-100 cells increased by 20% (P<0.05), which 
was 1.7 times less than that in cells incubated with 
0.2 mg/ml of matrine (P<0.05) (Figure 7 and Figure 
8). K562 cells with CGI-100 knockdown were 
sensitive to matrine than to Hemin (Figure 9).

 
 

 
Figure 8. MFI of GPA expression (MFI: Mean fiuorescence intensity). (A) MFI of GPA in K562 cells, K562/shRNA-pGenesil cels 
and K562/shRNA-CGI- 100 cells deteced by flow cytometry; (B) MFI values of GPA expression in K562cell, K562/ 
shRNA-pGenesil cells and K562/shRNA-CGI-100 cells (n=4, MFI, x±s). *P<0.05 vs control group. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. The MFI values of GPA expression in K562/ 
shRNA-CGI-100 and control K562 cells which were treated 
with matrine and hemin (n=4, %, x±s). *P<0.05 vs 
K562/shRNA-CGI-100 (GPA, Hemin treated) (MFI: Mean 

fluorescence intensity). 
 
 

DISCUSSION 
 

In this study, we established the K562/shRNA- 
CGI-100 cell line using CGI-100 specific shRNA and 
found that CGI-100 specfic shRNA inhibited cell 
growth and induced erythroid differentiation in K562 
cells. Moreover, CGI-100 gene knockdown increased 
the sensitivity of K562 cells to matrine and hemin. 
The sensitivity of the K562/shRNA-CGI-100 cells to 
matrine was higher than that to hemin. 

RNA interference technology which was 
discovered and named by Frie has been successfully 
used to research signal transduction and gene function 
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as well as gene therapy due to its much convenient 
and valid blockade of the gene expression[5,6]. At 
present, many methods creating siRNA were 
candidated such as chemosynthesis and transcription 
mediated by lentivirus and plasmid respectively. 
Nevertheless, the last one is considered to be the best 
method because of its simpleness, convenience and 
economy and has been widely used to study gene 
function especially for higher expression gene. 

P24 protein family plays an important role in 
mediating transport of secreting proteins from 
endocytoplasmic reticulum to Golgi apparatus. 
Previous studies show that P24 protein interacted with 
Gas1p (glycosyl phosphatidyl inositol and GPI fixed 
protein) which is proved to be involved in the 
P53-mediated inhibition of growth or apoptosis of 
different tumor cells[7,8]. Our previous studies 
indicated that CGI-100 gene was highly expressed in 
K562 cells and the expression of CGI-100mRNA 
decreased rapidly in the course of erythroid 
differentiation and apoptosis induction of K562 cells 
treated by matrine.  

To evaluate the effect of down-regulation of 
CGI-100 gene expression on K562 cells, we 
conducted in vitro transcription of a eukaryotic 
expression plasmid-pGenesil-1 containing trans- 
cription promoter and three pairs of shRNA targeting 
CGI-100. As a result, three sets of recombinant vector 
named CGI-100/shRNA were successfully constructed 
and transfected into K562 cells. After identification 
and selection by RT-PCR and dot blot hybridization, 
one of the modified K562 cells, named as 
K562/shRNA-CGI-100 cells, which exhibited the 
highest inhibition efficiency of CGI-100 mRNA level 
by 54% was used. The negative control vector and 
empty plasmid did not decrease CGI-100 gene 
expression. The results suggest that the obtained 
shRNA-CGI-100 was specific. 
   Most of studies have shown that leukemia cells 
exhibit more powerful metabolism than normal blood 
cell, which primarily reflects in the nucleic acid 
metabolism, protein metabolism and glucose 
metabolism. The result of the metabolic changes 
affects not only the nucleus and cell organelles such 
as mitochondria, endoplasmic reticulum and lysosome, 
but also the structure and function of cells. One of the 
important biological features is that leukemia cells 
can continue to divide and proliferate unlimitedly, so 
we examined the proliferation of K562/shRNA- 
CGI-100 cells. As shown in Figure 1, the proliferation 
of K562/shRNA-CGI-100 cells decreased drama- 
tically on day 3 and the tendency continued to day 6 
compared with that of the control K562 cells(P<0.05). 
The K562/shRNA-CGI-100 cells also showed an 

arrest in G0/G1 phase, while cells in S phase 
increased. Besides this, the results observed by 
microelectron microscopy indicated that abundant 
euchromatin, endoplasmic reticulum, mitochondria 
and other organelles appeared in K562/shRNA- 
CGI-100 cells, while the phenomenona of nucleolar 
shift and nuclear convolution were obvious in control 
K562 cells. Meantime, the percentage of benzidine- 
positive cells increased. These results suggest that the 
down-regulated expression of CGI-100 can inhibit the 
proliferation and reduce the immaturation degree of 
K562 cells through DNA replication and DNA 
synthesis. Simultaneously, the erythroid differenti- 
ation potential of K562/shRNA-CGI-100 cells was 
much stronger than that of control K562 cells. 

Differentiation of tumor refers to that malignant 
cells can develop to mature or nearly mature cells in 
exposure to inducers in vivo and in vitro. In recent 
years, tumor-induced differentiation has been widely 
studied and utilized as a treatment for cancers. Among 
erythroid differentiation inducers of leukemia cells, 
hemin is considered to be a strong inducer which is 
generally accepted as an erythroid differentiation 
inducer. Hemin was reported to activate the ferritin H 
gene transcription mediated by Ref-1, to inhibit PKC 
signal pathway and to activate the expression of 
EDAG gene related to erythroid differentiation 
through activation of NF[9,10]. 

In recent years, it was frequently reported that 
matrine which is extracted from kuhseng has 
anti-tumor activities. Matrine at low concentration 
was found to induce cell differentiation and promote 
cell apoptosis. But matrine caused tumor cells 
necrosis directly at high concentration. The reported 
mechanism underlying its apoptosis induction was 
that matrine induces the release of cytochrome C in 
K562 cells, activates caspase cascades, and inhibits 
the activity of tyrosinase[11]. The mechanism 
responsible for matrine-induced erythroid 
differentiation is related to up-regulation of 
expression of N-ras and P53 mRNA and reduction of 
c-myc gene expression[12,13]. Our early studies have 
shown that matrine with a low concentration changed 
the morphologic characteristic of K562 cells into late 
red blood cells[14]. Despite these findings, the 
mechanism underlying its effect of erythroid 
differentiation on K562 cells remains unclear. In this 
study, we observed the increased sensitivity to 
matrine in K562 cells with down-regulation of 
CGI-100 gene. MTT results indicated that compared 
to control K562 cells, matrine increased the inhibitory 
rate of proliferation of K562/shRNA-CGI-100 cells. 
Collectively, the results suggest that K562 cells with 
down-regulated CGI-100 gene are the good model for 
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evulating both the function of CGI-100 and 
mechanism underlying the effect of matrine-induced 
erythroid differentiation.  

In this study, several differentiation-related 
proteins were examined during the erythroid 
differentiation of K562 cells. Both CD14 and CD15 
are the markers of monocytes and macrophages. 
Glycoprotein A, known as CD235a, is a sialoglyco- 
protein. All of these proteins are expressed on the 
surface of erythroblastic precursor cells, reticulocytes 
and mature red blood cells. They are often used as 
hallmarkers to distinguish category of blood cells. 
Compared with control cells, the percentage of 
benzidine-positive cells increased in K562/shRNA- 
CGI-100 cells after incubation with matrine, the 
expressions of GPA mRNA and the MFI of GPA 
protein were increased. Expression of CD14 was not 
detected. CD15 was tested, but no statistical 
significance was obtained. The increase of the MFI of 
GPA in K562/shRNA-CGI-100 cells treated with 
hemin was found but was less than that in cells 
incubated by marine. Although the potential of 
hemin-induced erythroid differentiation exceeded that 
of matrine, CGI-100 knockdown in K562 cells 
resulted in cells with higher sensitivity to matrine                                                                                                                                                                                                                                                                                                                                                                            
than that to hemin. These results suggest that CGI-100 
gene may be associated with the pathway involved in 
matrine-indcued erythroid differentiation in K562 
cells.  

Regulation of cell differentiation was a process 
of multi-factor and multi-step complex. Gfi-1B is a 
zinc finger protein which is found to be able to bind 
to hematopoietic transcription factor GATA protein 
and contribute to the expression of erythroid- 
specific genes such as EKLF, NF-E2, α and β globin 
and EPO genes[15]. Our results indicated that Gfi-1B 
gene expression in K562/shRNA-CGI-100 cells 
elevated significantly. The results suggest that Gfi-1B 
gene may be involved in the process of erythroid 
differentiation induced by matrine   

In summary, we found that CGI-100-knockdown 
inhibited the proliferation and induced erythroid 
differentiation in K562 cells. This down-regulation 
also enhanced the sensitivity of cells to matrine and 
hemin. Thus further study is worth to explore 
whether CGI-100 gene can serve as a potential target 
for leukemia treatment. 
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