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INTRODUCTION
β2-GlycoproteinⅠ(β2GPⅠ) is an abundant plasma 
glycoprotein. Because of  its high affinity binding with 
plasma phosphorlipid, it is also named apolipoprotein H. 
It has been shown that β2GPⅠcould act as anticoagulant[1] 
and is an important autoantigen in the antiphospholipid 
antibody syndrome[2,3]. Up to now, it has been found 
that β2GPⅠhas many other functions. In 1994, Mehdi 
et at[4] demonstrated that β2GPⅠwas capable of  binding 
to recombinant hepatitis B surface antigen (rHBsAg), 
suggesting that β2GPⅠmay facilitate entry of  the virus 
into hepatocytes. They also found that rHBsAg bound 
to β2GPⅠvery poorly if  β2GPⅠwas coated directly 
on a microtiter well, or if  it was presented in a soluble 
form. While binding was 100-fold more efficient when 
β2GPⅠwas presented as a complex with monoclonal 
antibody (mAb) P2D4. These results suggest that 
chemical modification of  β2GPⅠmakes it highly reactive 
with rHBsAg[5]. Recently it has been reported that β2GP
Ⅰ-HBsAg combining was relative to the presence of  
hepatitis B virus markers and β2GPⅠbinding activity for 
HBsAg was higher in sera from patients in the active virus 
replication phase[6].

We have previously finished purification and evaluation 
of  formation of  β2GPⅠ, and found that the level of  anti-
β2GPⅠantibodies in patients with chronic hepatitis B 
and post-hepatitis B cirrhosis was significantly increased, 
thereby suggesting that β2GPⅠcan take part in HBV 
infection. In our previous studies, we also verified that 
β2GPⅠcould specifically bind to rHBsAg[7,8]. Through 
ligand blot analysis, fluorescence microscope and flow 
cytometry, it was probably the first time to prove that there 
exists a protein on SMMC-7721 cell membrane that can 
bind to β2GPⅠwith specificity[9]. We concluded that the 
protein may be the receptor of  β2GPⅠ, and it might be 
a carrier which can bridge HBV to invade hepatocytes. In 
this study, we will evaluate the receptor on SMMC-7721 
cell line that can bind to β2GPⅠwith specificity.

MATERIALS AND METHODS
Preparation of β2GPⅠ-affinity chromatography column 
Purif ied β 2GPⅠwas preser ved in our laborator y. 
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Abstract
AIM: To evaluate the receptor protein which can 
spec i f i ca l ly b ind to β 2GPⅠon the membrane of 
hepatocellular carcinoma (HCC) cell line SMMC-7721, 
and to study the biological function of the receptor.

METHODS: Through β2GPⅠ-affinity chromatography 
column, the peptid-polysome-mRNA complex, which can 
specially bind to β2GPⅠ, stayed with the column and 
was separated from the whole polysome of liver cells, 
and then eluted and collected. Using cDNA synthesis kit 
and cDNA PCR kit, the corresponding cDNA was obtained 
and sequenced. RT-PCR was used to amplify annexinⅡ, 
and flow cytometry was used to study the competitive 
binding of annexinⅡ with β2GPⅠto SMMC-7721.

RESULTS: A total of 1.1 kb of the cDNA fragment of the 
specific binding protein of β2GPⅠon liver cell membrane 
was obtained. The sequence of cDNA shared high 
homology with human annexinⅡ (98%). AnnexinⅡ was 
expressed on the membrane of SMMC-7721, and could 
compete with β2GPⅠfor combining with SMMC-7721.

CONCLUSION: The receptor for β2GPⅠon membrane of 
SMMC-7721 cells is annexinⅡ, which might bridge HBV 
to infect hepatocytes.
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According to instructions of  Epoxy-activated Sepharose 
6B, the medium was suspended in distilled water. The 
purified β2GPⅠwas dissolved in buffer solution, mixed 
with gel granules for 16 h with shake cultivation at 37℃, 
and then was packed in column. The column was washed 
with buffer solution, distilled water, buffer solution A and 
buffer solution B by turns in order to eliminate excess 
β2GPⅠ. The remained active radical was blocked with 
1 mol/L ethanolamine at 37℃. Protein in the collected 
elutriant was quantitated with BCA methods. 

Extraction of polysome of liver cells
All procedures were performed at 4℃. Under aseptic 
conditions, connective tissue and fat was eliminated from 
liver with scissors. Then the liver tissue was cut into scraps 
and grinded in cell homogenizer. After being filtered 
through stainless steel screen, the products were washed 
with solution A (pH 8.0, 60 mmol/L sodium phosphate 
buffer solution, 45 mmol/L NaCl, 55 mmol/L glycose,  
1 μg/mL cycloheximide). The liver cells were counted, and 
2 × 1010 cells were resuspended in solution B (pH 8.0, 60 
mmol/L sodium phosphate buffer solution, 45 mmol/L  
NaCl, 55 mmol/L glycose, 1 μg/mL cycloheximide,  
40 U/mL heparin, 10 mmol/L DTT). Then 10 mL of  
solution C (pH 7.8, 50 mmol/L Tris-HCl, 300 mmol/L 
NaCl, 10 mmol/L MgCl2, 1 μg/mL cycloheximide, 20 U/
mL heparin) and nonidet P-40 were added slowly to a final 
concentration of  3.5 mL/L in order to split them. After 
incubation for 5 min and centrifugation, the supernatant 
was collected. Sodium deoxycholate of  final concentration 
of  3.5 mL/L was added to destroy microsome completely. 
Remainder of  supernatant was loaded at 65% (W/W) 
sucrose in Buffer D (pH 7.6, 25 mmol/L Tris-HCl, 150 
mmol/L NaCl, 5 mmol/L MgCl2, 20 U/mL heparin), then 
ultracentrifuged at 5000 r/min for 2 h. The deposition was 
resuspended in solution E (pH 7.6, 25 mmol/L Tris-HCl, 
150 mmol/L NaCl, 5 mmol/L MgCl2, 1 mL/L nonidet 
P-40, 1 μg/mL cycloheximide, 20 U/mL heparin), and 
stored in liquid N2.

Affinity purification of mRNA of the receptor protein 
According to manufacturer’s instructions, the β2GPⅠ- 
affinity chromatography column was balanced with 
solution A. The polysome extraction was slowly loaded 
on the column repeatedly. After being processed for 1 h, 
the column was washed with 20-30 volume solution E, 
eluted with solution F (pH 7.6, 25 mmol/L Tris-HCl, 150 
mmol/L EDTA, 20 U/mL heparin) in order to collect 
the objective mRNA which can specifically bind β2GPⅠ, 
and then 0.5 mol/L NaCl and 1 g/L SDS were added. The 
above solution was loaded on oligo-dT cellulose column. 
The oligo-dT cellulose column was washed with solution 
G (pH 7.6, 25 mmol/L Tris-HCl, 500 mmol/L NaCl,  
1 g/L SDS, 20 U/mL heparin), then eluted with solution 
G without NaCl. The elutriant containing objective mRNA 
was concentrated, washed, dissolved in sterile water, and 
stored at -80℃.

Synthesis of double strands cDNA 
Synthesis of  1st strand cDNA: mRNA was treated 
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at 65℃ for 5 min, and ice bathed immediately. A total 
volume of  10 μL of  reaction mixture contained 2 μL of  
sample mRNA, 2 μL of  5 × 1st Strand Synthesis buffer,  
1 μL of  dNTP, 1 μL of  RNase inhibitor, 1 μL of  oligo 
dT-RA primer, 1 μL of  RAV-2 reverse transcriptase, 2 μL 
of  DEPC H2O. The reverse transcription was performed 
for 10 min at 30℃, for 1 h at 42℃, and finally for 5 min at 
80℃. 
Synthesis and external smoothing of  2nd strand 
cDNA: In aforementioned reaction mixture, 10 μL of  5 × 
2nd Strand Synthesis buffer, 20.5 μL of  DEPC H2O and 1.0 
μL of  E. coli DNA Ligase Mixture were added and mixed 
gently. After incubation for 1 h at 12℃, 1 h at 22℃, and 
10 min at 70℃ in turn, the mixture was mixed gently with 
2 μL of  T4 DNA PolyMeraseⅠand kept at 37℃ for 10 
min. Then 4 μL of  Stop Solution was added to stop the 
reaction.
Purification of  double strand cDNA: The obtained 
cDNA was extracted with phenylic alcohol/chloroform, 
precipitated with isopropanol, washed with ethanol and 
dried.

Ligation of cassete adaptor 
After being dissolved in 5 μL of  sterilized water, the above 
sediment was mixed with 2 μL CA cassette adaptor and 
6 μL of  ligation solution gently. The reaction remained 
at 16℃ for 30 min. Then 25 μL of  4 mol/L ammonium 
acetate was added. The products was precipitated with 
isopropanol and then dissolved in 30 μL of  sterilized water 
at -80℃.

PCR of the double strand cDNA 
A total volume of  50 μL of  PCR mixture contained 30 
μL of  prepared cDNA solution, 5 μL of  10 × Ex Taq 
buffer, 4 μL of  dNTP mixture, 0.5 μL of  RA primer, 
0.5 μL of  CA primer, 0.25 μL of  Takara Ex Taq and 
9.75 μL of  sterilized water. PCR mixture was subjected 
to pre-denaturation at 94℃ for 1 min, followed by 35 
amplification cycles of  denaturation at 94℃ for 30 s, 
primer annealing at 60℃ for 30 s and extension at 72℃ 
for 3 min. Finally, the PCR mixture incubated at 72℃ for 5 
min, reaction was held at 4℃.

Sequencing
According to molecular clone, the PCR products were 
purified and then linked to TA vector. The recombined 
plasmid was transfected into receptive E. coli DH5α. 
Through blue-white screening, the positive colony was 
obtained. Using plasmid extraction kit, the recombined 
plasmid was extracted, and sequenced in the company. 
Finally, the sequence was analyzed using BLAST.

Amplification of annexinⅡ  from liver tissue by RT-PCR 
According to manufacturer’s instruction (Invitrogen 
Company), using Trizol reagent, total RNA was isolated 
from cultured 1 × 107 SMMC-7721 cells and stored at 
-70℃. In accordance with the instructions of  AMV 
reverse transcriptase, 20 μL of  mixture, containing 20 μg 
of  total RNA, 2 μL of  oligo (dT) and 18 μL of  DEPC 
H2O, was kept in a 200-μL micro-centrifuge tube, mixed 



gently and then heated at 70℃ for 5 min. After immediate 
cooling on ice for at least 5 min, 5 μL of  dNTP mixture, 
10 μL of  AMV 5 × buffer, 2 μL of  Rnasin, 3 μL of  
AMV reverse transcriptase and 10 μL of  DEPC H2O 
were added to reach a total volume of  50 μL, followed by 
incubation at 42℃ for 90 min, and then for 5 min at 95℃ 
for inactivation. Thus the RNA was reverse transcribed 
into cDNA which was stored at -70℃. Referring to 
mRNA of  annexinⅡ from GenBank and following 
principle of  design for primers, a pair of  primers was 
designed: AAAAGATCTCCAGCTTCCTTCAAA (sense); 
AAAGTCGACATTTCTGGACGCTCA (anti-sense). The 
reaction system, containing 5 μL of  10 × buffer, 5 μL of  
Mg2+, 4 μL of  dNTP, 1 μL of  each sense and antisense 
primers, 10 μL of  cDNA, 1 μL of  Taq enzyme and 23 
μL of  DEPC H2O, was subjected for 40 amplification 
cycles of  denaturation at 94℃ for 1 min, annealing at 55℃ 
for 1 min and extension at 72℃ for 2 min, followed by a 
final extension at 72℃ for 7 min. Ten microliters of   PCR 
product was electrophoresed on 10 g/L agarose gel.

Flow cytometry
Green fluorescent protein (GFP) and β2GPⅠlabeled with 
GFP (GFP-β2GPⅠ) were gifted by Central Laboratory 
of  our hospital. SMMC-7721 cells are preserved in our 
laboratory. About 9 × 106 of  SMMC-7721 cells were 
collected, washed and divided averagely into 9 tubes. 
These 9 tubes were randomly divided into three groups, 
3 tubes in each group: group A, group B and group C. 
After being washed twice with PBS, each tube of  cells was 
added with 2 mL of  BD FACS Permeabilizing Solution 
and kept at room temperature for 10 min. Then they 
were centrifuged to discard the supernatant. The cells 
were washed with PBS again, and added with 0.45 mL of  
buffer solution containing Ca2＋. Thereafter, groups A, B 
and C were added with 0 μL, 0 μL and 10 μL of  annexin
Ⅱ, respectively and kept at room temperature for 30 min. 
Finally, 0.05 mL of  GFP was added to the each  tube of  
group A, while 0.05 mL of  GFP-β2GPⅠto each tube of  
groups B and C. All tubes were kept at room temperature 
for 2 h and washed twice with PBS, and then cells of  each 
tube were suspended in 0.4 mL of  PBS and detected using 
flow cytometry.

RESULTS
Couple rate of prepared β2GPⅠ-affinity chromatography 
column
Ten milligrams of  purified β2GPⅠwas dissolved in couple 
solution and mixed with gel granule for 16 h with shake 
cultivation at 37℃. The excess β2GPⅠwas washed with 
couple solution, distilled water, buffer solution A and 
buffer solution B by turns and then was collected. The 
quantity of  excess protein in the eluted solution was 
measured, which was 1.1 mg. So the couple rate was 89%. 
The couple efficiency was good enough to be used for the 
latter study.

Electrophoresis of RT-PCR products
With the β2GPⅠ-affinity chromatography column 

prepared by ourselves, the peptid-polysome-mRNA 
which can specially bind to β2GPⅠconjugated with 
β2GPⅠon the column, and then was eluted. Through 
cDNA synthesis kit, the first strand cDNA was obtained. 
Then the double strand cDNA was acquired. Agar gel 
electrophoresis confirmed that the molecular weight of  
the cDNA fragment was 1.1 kb (Figure 1).
 
Gene sequencing and analysis of β2GPⅠ-binding receptor 
The recombined plasmid purified from positive cloned 
bacteria was sequenced in Beijing Dingguo Biological 
Technique Company. Then the sequence was analyzed for 
its homology with GenBank BLAST. The results showed 
that the sequence of  cDNA shared high homology with 
human annexinⅡ (98%) (Figure 2).

RT-PCR of annexinⅡ
RT-PCR was used to detect the expressions of  β-actin 
and annexinⅡ in HUVEC, SMMC-7721 and hepatoma 
tissue (Figure 3). Lanes 3, 5 and 7 show β-actin expression. 
It showed that the total mRNA of  the three groups had 
been extracted successfully. Lanes 2, 4 and 6 show a single 
band of  1000 bp which represents annexinⅡ. Similarly, 
HUVEC, SMMC-7721 and hepatoma tissue expressed 
annexinⅡ.

      1  2            3            4

1.1 kb

Figure 1  Agarose gel 
electrophoresis of RT-
PCR products. Lane 1: 
DNA maker; Lanes 2, 3, 
4: PCR products.

Figure 2  Comparison of the cDNA sequence of receptor of β2GPⅠwith annexinⅡ.
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Competitive inhibition
Using flow cytometry, we proved that β2GPⅠlabeled with 
GFP could bind to SMMC-7721. The binding rate of  β2GP
Ⅰ-GFP with SMMC-7721 (66.81%) was significantly higher 
than that of  GFP with SMMC-7721 (1.16%) (Figure 4).  
Once β2GPⅠ-GFP had been incubated with annexinⅡ 
at room temperature in advance, the binding rate of  β2GP
Ⅰ-GFP with SMMC-7721 dropped to 7.21% (Figure 4C). 
Thus these results suggested that annexinⅡ could inhibit 
the combination of  β2GPⅠwith SMMC-7721.

DISCUSSION
Through cloning, recombining and sequencing the gene 
of  β2GPⅠ-bound receptor on membrane of  SMMC-7721 
cells, we found that the gene fragment of  the receptor 
shared high homology with human annexinⅡ (98%). 
Moreover, annexinⅡ was found to exist on the membrane 
of  SMMC-7721 by RT-PCR. At the same time, we 
validated that annexinⅡ could compete with β2GPⅠfor 
combining SMMC-7721. Thus, it can be concluded that 
the receptor specific for β2GPⅠmight be annexinⅡ.

AnnexinⅡ (Mr-36 ku) belongs to a family of  Ca2+-
dependent membrane-binding proteins encoded by 
some 20 different genes[10-12]. Annexins are structurally 
related proteins, each of  which consists of  an N-terminal 
“tail” and C-terminal “core” domain. The core domains 
of  different annexins are highly conserved and share 
40%-70% homology. Usually annexinⅡ binds to S100A10 
(p11), a Ca2+-modulated protein, to form tetramer. P11 can 
adulate the binding activity of  annexinⅡ for calcium ion or 
phospholipids. It has been shown that the gene of  annexin 
Ⅱ lies on the 15th chromosome, and has a 1.4-kb conserved 
encoding sequence. Despite the lack of  a hydrophobic 
signal peptide, the presence of  annexinⅡ on cell surfaces 
is well established. It has been proven that annexinⅡ 
is affluent on endotheliocyte, monocyte/macrophage, 
myeloid cell and some tumor cells. And approximately 
4.3% of  total endothelial annexinⅡ is associated with 
the phospholipids on the external plasma membrane. 
Annexin II has been implicated to possess many biological 
functions in a variety of  physiologic processes, such as 
anti-inflammatory effect of  glucocorticoid, calcium-

dependent exocytosis, immune response, calcium transport 
and phosphorlipase A2 regulation[12]. Recently, research has 
suggested that annexinⅡ is an endothelial cell receptor for 
tissue-type plasminogen activator (t-PA) and plasminogen 
(PLG)[13-18] and can activate them. So under normal 
conditions, annexinⅡ is an important modulation receptor 
in coagulation-anticoagulation-fibrinogenolysis system. 
Over-expression of  annexinⅡ will evoke hyperfunction of  
PLG and cause thrombosis and hemorrhage. As annexin 
Ⅱ can act as second messenger in the modulation path 
of  cell division, it has also been found to be related to cell 
proliferation and tumor growth. In addition, it has been 
suggested that the expression disturbance of  annexin
Ⅱ in many kinds of  cancers accelerate carcinogensis and 
metastasis.

With respect to the relationship between annexinⅡ
and virus infection, it has been elucidated that annexin Ⅱ 
can serve as a receptor for cytomegalovirus and mediate 
its infection[19]. Until now, there lacks report on the 
relationship between annexinⅡ and HBV infection. Our 
preliminary studies suggest that annexinⅡ is the receptor 
of  β2GPⅠ, and β2GPⅠcan bind to HBsAg. Therefore, 
we speculate that annexinⅡ might have a potential role in 
HBV infection. To evaluate validity of  the hypothesis and 
make sure which domain of  annexinⅡ binds to β2GPⅠ
so as to bridge HBV infection, we will use phage display in 
our further study. 
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