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Abstract: The invasion and metastasis are linked to the rapid progression and poor prognosis of hepatocarcinoma patients. 

Lymphatic metastasis is potentially involved in above pathogenesis with unclear mechanism. Previously, we found the 

deregulation of annexin A5 (ANXA5), a member of Ca
2+

-regulated phospholipid- and membrane-binding annexin family protein, 

mediated the in vivo malignancy, lymph node metastasis (LNM) rate and level of mice transplanted with Hca-P, a murine 

hepatocarcinoma cell line with the LNM potential rate of ~25%. Current work aimed to investigate the influence with action 

mechanism of ANXA5 overexpression on the in vitro malignant behaviours of Hca-P cells. For overexpressing ANXA5, the 

Anxa5 gene was ligated into pCDNA3.1 (+) vector and transfected into Hca-P named as Hca-P-ANXA5up. Hca-P transfected 

with empty pCDNA3.1 (+) vector was named as Hca-P-mock and used as the control. The monoclonal Hca-P-mock and 

Hca-P-ANXA5up cell lines were obtained against G418 screening using limiting dilution method. Compared with the 

Hca-P-mock cells, Western blotting assay indicated ANXA5 expression level was increased by 50.1% (p=0.025) in the 

Hca-P-ANXA5up cells. Transwell chamber assays indicated that the migration and invasion capacities of Hca-P-ANXA5up cells 

were increased by 150.2% (p=0.001) and 94.8% (p=0.003) than Hca-P-mock cells. ANXA5 overexpression enhanced the levels 

of p-MEK (Ser217/221), ERK1, ERK2, p-ERK1 (Thr202/Tyr204) and p-ERK2 (Thr185/Tyr187), and suppressed the levels of 

E-Cadherin, Snail and Slug in Hca-P cells. Current work shows ANXA5 overexpression enhances the malignant behaviours of 

hepatocarcinoma Hca-P cells through activating p-MEK-ERK pathway and suppressing E-Cadherin, Snail and Slug. It is of 

potential value in tumor malignancy and lymphatic metastasis of hepatocarcinoma. 
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1. Introduction 

Hepatocarcinoma seriously affects human health and life 

quality due to its rapid progression and poor prognosis. It 

ranks the third among the causes of cancer-related deaths [1]. 

At present, surgical excision is still the main treatment for 

liver cancer. However, high postoperative recurrence was the 

leading death cause of patients [2]. Metastasis leads to poor 

prognosis of hepatocarcinoma [3, 4]. Intrahepatic metastasis 

accounts for 70% of recurrent liver cancer [3]. Lymphatic 

metastasis results in a 50% reduced prognosis of cancer 

patients [5, 6]. The molecular mechanism of tumor lymphatic 

metastasis remains unclear. The study on lymphatic metastasis 

contributes to better management for hepatocarcinoma. 

Anxa5 is a member of Ca
2+

-regulated phospholipid-binding 

annexin superfamily [7-9]. Its dysexpression is linked to the 

development, metastasis and drug-resistance of various 

cancers. Previous work from our lab using a pair of syngenetic 

murine hepatocarcinoma ascites cell lines, Hca-F with 75% 

and Hca-P with 25% LNM rates [10-14], indicated ANXA5 

was a potential promoter in murine hepatocarcinoma 

tumorigenicity and lymphatic metastasis. ANXA5 

upregulation enhanced the tumorigenicity, LNM rate and level 

of Hca-P-transplanted mice [7, 14]. ERK pathway participates 

in the proliferation, differentiation, migration and invasion of 

tumor cells [15]. Elevated ERK signal transduction promoted 

hepatocarcinoma [16]. ANXA5 suppressed ERK via 
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deactivating Shc and Grb2 in breast cancer MCF-7 cells [17]. 

Current work raveled ANXA5 overexpression enhanced the in 

vitro migration and invasion of Hca-P cells via activating 

p-MEK-ERK and suppressing E-Cadherin, Snail and Slug. 

2. Material and Methods 

Cell culture 

Murine hepatocarcinoma Hca-P cell line was created and 

maintained by our group. Hca-P cells were incubated in 

RPMI-1640 (Gibco, US) supplemented with 15% FBS 

(TransGen, China) in a humidified environment with 5% CO2 

at 37°C. 

Monoclonal Hca-P cell line with ANXA5 overexpression 

Anxa5 PCR amplification primers, F: 5’-CGGGATCCATC 

ATGGCTACGAGAGGCACTGTGAC-3’ and R: 5’-GGAAT 

TCTGTCATCCTCGCCCCCGCAGAGC-3’, were designed 

by Oligo7. Total RNA was extracted from Hca-P cells using 

Trizol
TM

 reagent (Life Technologies, US) and amplified by 

RT-PCR using PrimeScript RT-PCR Kit (Takara, Japan). PCR 

was performed on a MyCycle
TM 

Thermal Cycler (Bio-Rad, 

US). Anxa5 PCR product was purified using universal DNA 

purification kit (Tiangen, China), inserted with an A base tail 

using Ex Taq
®
 HS kit and ligated into a pMD

®
19-T simple 

vector (TaKaRa, Japan). The recombinant pMD
®
19-T-Anxa5 

plasmid was amplified in LB medium with 100 µg/mL 

ampicillin (Sigma, US). The vector was subcloned into a 

pcDNA3.1 (+) vector, transformed into competent E. coli cells 

and amplified for plasmid extraction by E.Z.N.A.
®
 Endo-Free 

Plasmid Mini Kit (OMEGA, US). Recombinant plasmids 

were finally validated by sequencing analysis. 

Hca-P cells in 15% FBS were seeded into a 24-well plate at 

10
5
 cells/500 µL per well at 37°C with 5% CO2 for 24 h. Then, 

each of the recombinant and empty plasmids were mixed with 

Lipofectamine
®
 2000 reagent (Invitrogen, USA) at 0.5:1.5 

(µg:µL) in 98 µL RPMI-1640 at RT for 20 min, transfected at 

37°C with 5% CO2 for 48 h, and screened against 400 µg/mL 

G418 (Sigma, US). The monoclonal Anxa5- and empty 

vector-transfected Hca-P cells were obtained using limiting 

dilution method and named as Hca-P-ANXA5up and 

Hca-P-mock. ANXA5 expression level was measured by 

Western blotting assay. 

Boyden transwell chamber assay for migration and 

invasion 

24-well transwell units with 8 µm I.D. polyester membrane 

plates (Corning, US) were used for migration assay. 500 µL 20% 

FBS (TransGen, China) was loaded into the lower 

compartment. 2×10
4 

cells prepared in 100 µL RPMI-1640 

from each of Hca-P-mock and Hca-P-ANXA5up were seeded 

into the upper chamber. Being incubated with 5% CO2 at 37°C 

for 24 h, the non-migrated cells on the upper surface of filter 

were wiped off. The migrated cells at the lower surface were 

fixed in 4% paraformaldehyde for 20 min, stained in 0.1% 

crystal violet for 20 min and counted with a light microscope 

at 100×. Triplicate experiments were performed for each 

assay. 

For invasion assay, the inner surface of a 24-well transwell 

filter unit was first coated with 25 µL of ice-cold ECM gel 

(BD, US, 1:6 dilution with RPMI-1640) at 37°C for 5 h, dried 

at RT and rehydrated in 40 µL RPMI-1640 for 30 min. The rest 

steps were the same in migration assay. 

SDS-PAGE and Western blotting (WB) assay 

Proteins were extracted from the pellets of different group 

cells in RIPA buffer containing 1 mM Na3VO4, 1 µg/mL 

leupeptin and 0.5 mM PMSF and centrifuged with 12,000 rpm 

at 4°C for 15 min. Protein concentration was determined by 

Bradford assay. Being denatured in boiling water for 3 min, 30 

µg of protein from each group was separated by 10% 

SDS-PAGE. Protein bands were transferred onto 

nitrocellulose (NC) membrane, blocked in 5% skim milk in 

TBST for 2 h at RT. The NC membranes were then incubated 

in primary antibodies ANXA5 (1:2000, Proteintech, China), 

p-MEK (Ser217/ 221) (1:500, Cell Signaling, US), p-ERK1/2 

(ERK1:p-Thr202/ Tyr204; ERK2: p-Thr185/Tyr187) (1:500, 

Cell Signaling, US), ERK1/2 (1:1000, Cell Signaling, US) and 

E-Cadherin (1:500, Proteintech, China) at 4°C for 16 h. Being 

washed by TBST for 3 x 10 min, the NC membranes were 

merged in peroxidase-conjugated goat 

Anti-Rabbit/Anti-Mouse IgG at RT for 2 h. Then protein 

bands were visualized by ECL (Advansta, US), detected and 

quantified using the ChemiDoc
TM

 MP system (Bio-Rad, US). 

Quantitative real-time PCR (qRT-PCR) analysis 

Total RNA was extracted from each group cells using 

Trizol
TM 

reagent (TransGen, China). Reverse transcription of 

RNA was performed using the EasyScript
®
 gDNA removal 

and cDNA synthesis kit (TransGen Biotech, China). qRT-PCR 

was performed using the TransStart
®
 TipTop Green qPCR kit 

(TransGen Biotech, China). The primers of E47, Slug, Snail, 

Twsit1, Twist2, ZEB1, and ZEB2 were listed in Table 1. 

GAPDH was utilized as the internal reference for qRT-PCR. 

StepOne analysis system was used for quantifying the mRNA 

level changes of the above molecules between Hca-P-mock 

and Hca-P-ANXA5up cells. 

Table 1. Target gene primers for qRT-PCR. 

Gene Primer Sequence 

Snail 
F: 5’-CACCCTCATCTGGGACTCTC-3’ 

R: 5’-GAGCTTTTGCCACTGTCCTC-3’ 

Slug 
F: 5’-CATCCTTGGGGCGTGTAAGTC-3’ 

R: 5’-GCCCAGAGAACGTAGAATAGGTC-3’ 

E47 
F: 5’-TTCCCTCCCTGACCTCTC-3’ 

R: 5’-GGCTACTGATGCGATTTCC-3’ 

ZEB1 
F: 5’-ACCGCCGTCATTTATCCT-3’ 

R: 5’-TTGTCCTCGTTCTTCTCAT-3’ 

ZEB2 
F: 5’ -GAGTGAGGTACAAAAGGTTC-3’ 

R: 5’-CACTACTGGAAGACCGACA-3’ 

Twist1 
F: 5’-GCCCGTGGACAGAGATTC-3’ 

R: 5’-CTATCAGAATGCAGAGGTGTGG-3’ 

Twist2 
F: 5’-ATTTCCCTCTAAGTGCCT-3’ 

R: 5’-CTTGGGTTCTTGTTCTGA-3’ 

GAPDH 
F: 5’-GGTGAAGGTCGGTGTGAACG-3’ 

R: 5’-CTCGCTCCTGGAAGATGGTG-3’ 

Data processing and statistical analysis 

All the data were presented as mean ± SD of at least 

triplicate independent experiments and processed by SPSS 

17.0 software for statistical analysis. The difference between 
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groups was assessed by paired student’s t test. Differences 

with p<0.05 were considered significant. 

3. Results 

ANXA5 overexpression in monoclonal Hca-P-ANXA5up 

cell line 

Empty pCDNA3.1 (+) and recombinant pCDNA3.1 

(+)-Anxa5 plasmid were constructed into Hca-P cells. The 

monoclonal Hca-P-mock and Hca-P-ANXA5up cell lines 

were obtained against G418 screening using limiting dilution 

method. Empty vector transfection showed no effect on 

ANXA5 expression in Hca-P. Comparable expression levels 

of ANXA5 were detected in Hca-P and Hca-P-mock cells 

(Figure 1). While, compared with Hca-P-mock cells, the 

protein expression level of ANXA5 in Hca-P-ANXA5up cells 

increased by ~50.5% (p=0.025, Figure 1), which ensured the 

investigation on ANXA5 deregulation on Hca-P malignant 

behaviours with the underlying action mechanism. 

ANXA5 overexpression promotes Hca-P cell migration and 

invasion 

The migration and invasion of tumor cells through the 

basement membrane is the hallmark of malignancy. The 

influences of ANXA5 overexpression on the in vitro migration 

and invasion abilities of Hca-P were investigated by Boyden 

transwell chamber assays. The migration capacity through the 

polycarbonate membrane of transwell filter of 

Hca-P-ANXA5up cells was about 2.5-fold of that of 

Hca-P-mock cells (p=0.001, Figure 2A). For invasion assay, 

compared with Hca-P-mock, a 94.8% capacity increase for 

passing through the matrigel-coated transwell filter was 

measured for Hca-P-ANXA5up cells (p=0.003, Figure 2B). 

These results suggest ANXA5 promotes the metastasis 

potential of Hca-P cells. 

 

Figure 1. Stable overexpression of ANXA5 in Hca-P. The transfection with 

empty pCDNA3.1 (+) vector (Hca-P-mock) showed no effect on ANXA5 

expression in Hca-P cells. Compared with Hca-P-mock, ANXA5 level 

increased by ~50.1% (p=0.025) in the monoclonal Hca-P-ANXA5up cell line. 

 

Figure 2. ANXA5 upregulation increased the in vitro migration and invasion capacities of Hca-P. Compared with Hca-P-mock cells, (A) the migration of 

Hca-P-ANXA5up cells increased by ~150.6% (p=0.001) and (B) the invasion of Hca-P-ANXA5up increased by ~94.8% (p=0.003). 
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Anxa5 overexpression activates ERK signaling pathway 

 

Figure 3. The influence of ANXA5 overexpression on key molecules in ERK 

pathway and transcription suppressors. ANXA5 overexpression in Hca-P (A) 

increased protein levels of p-MEK (Ser217/221), ERK1, ERK2, p-ERK1 

(Thr202/Tyr204) and p-ERK2 (Thr185/Tyr187), and decreased protein 

expression of E-Cadherin. *, ** and *** refer to p values < 0.05, 0.01 and 0.001; 

(B) decreased Snail and Slug expressions and showed no effects on Twist 1, 

Twist 2, E47, ZEB1 and ZEB2. ns refers to non-significance. 

WB assay was performed to measure the expression levels 

of key molecules in ERK transduction pathway including 

p-MEK (Ser217/221), ERK1, ERK2, p-ERK1 

(Thr202/Tyr204) and p-ERK2 (Thr185/Tyr187) in 

Hca-P-mock and Hca-P-ANXA5up cells. Compared with 

Hca-P-mock cells, the levels of p-MEK (Ser217/221), ERK1, 

ERK2, p-ERK1 (Thr202/ Tyr204) and p-ERK2 

(Thr185/Tyr187) increased by ~264% (p<0.05), 55% (p<0.01), 

59% (p<0.01), 209% (p<0.05) and 218% (p<0.05) (Figure 

3A). The isoforms of ERK1 (44 kDa) and ERK2 (42 kDa) as 

well as their phosphorylated isoforms p-ERK1 

(Thr202/Tyr204) and p-ERK2 (Thr185/Tyr187) were 

cogradiently activated following ANXA5 upregulation. 

ANXA5 enhances the malignant behaviours of Hca-P via 

activating p-MEK-ERK/p-ERK pathway. 

ANXA5 overexpression suppresses E-cadherin expression 

E-cadherin is important in tumorigenesis. Its suppression or 

loss is commonly involved in tumor development, invasion 

and metastasis. The overexpression of ANXA5 in Hca-P cells 

resulted in decreased expression of E-cadherin. Compared 

with Hca-P-mock cells, E-cadherin level in Hca-P-ANXA5up 

cells was reduced by about 84% (p<0.001, Figure 3A). 

E-cadherin suppression by ANXA5 upregulation contributes 

to enhanced malignancy of Hca-P cells. 

ANXA5 overexpression reduces Snail and Slug levels 

The influence of ANXA5 overexpression on the 

transcription suppressors including E47, Snail, Slug, Twist 1, 

Twist 2, ZEB1 and ZEB2 was investigated. The qRT-PCR 

assays indicated, except for Snail and Slug, no apparent 

expression level changes of E47, Twist 1, Twist 2, ZEB1 and 

ZEB2 were detected in the Hca-P-ANXA5up cells compared 

with the Hca-P-mock cells (Figure 3B). The upregulation of 

ANXA5 in Hca-P cells led to the decreases of Snail and Slug 

levels by about 42% and 47% (p<0.05, Figure 3B). ANXA5 

overexpression probably suppresses Snail and Slug 

expressions, consequently, inhibits E-cadherin for decreasing 

migration and invasion malignant behaviour of Hca-P cells. 

4. Discussion 

Annexins are a superfamily of Ca
2+

-regulated phospholipid 

-binding proteins. There are 12 members in annexin A family, 

A1-A11 and A13, in vertebrate and mammalian. The 

dysexpressions and/or subcellular redistributions of annexins 

are involved in tumor cell proliferation, tumor invasion, 

metastasis, angiogenesis and drug resistance [7, 10, 18-20]. As 

a member of annexin A family that was discovered as a 

vascular anticoagulant in 1985 [21], annexin A5 (ANXA5) is 

involved in tumor progression, invasion, metastasis, drug 

resistance and treatment [7-9, 14, 17]. Using Hca-P and Hca-F, 

a pair of syngenetic murine hepatocarcinoma cell lines with 

different LNM potentials, we demonstrated ANXA5 acting as 

a promoter in tumorigenesis and lymphatic metastasis of 

hepatocarcinoma [10, 13, 14, 22]. We also showed ANXA5 

upregulation enhanced the in vivo tumorigenicity, LNM rate 

and level of Hca-P-transplanted mice [7, 14]. Current work 

investigated the underlying promoting mechanism of ANXA5 

on the malignancy of Hca-P cells. Owing low LNM rate 

without dissemination to other organs, Hca-P has been proved 

by our group as an ideal cell model both for tumor malignancy, 

initial (low) and specific lymphatic metastasis of 

hepatocarcinoma [10-13, 14, 20, 23-24]. As schemed in 

Figure 4, current work showed ANXA5 overexpression in 
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Hca-P led to enhanced activation of p-MEK-ERK signaling, 

triggered downregulations of Snail and Slug, decreased the 

expression of E-cadherin and resulted in increased malignant 

behaviours of Hca-P cells. 

 

Figure 4. Schematic regulation mechanism of ANXA5 on the migration and 

invasion of Hca-P cells. ANXA5 overexpression activated the phosphorylation 

of MEK1/2 (Ser217/221), subsequently, enhanced both the expression levels 

of ERK1 and ERK2 and phosphorylation levels of p-ERK1 (Thr202/Tyr204) 

and p-ERK2 (Thr185/ Tyr187), which potentially triggered downregulations 

of E-cadherin, Snail and Slug by promoting malignant potentials of 

hepatocarcinoma cells. 

We established a monoclonal Hca-P-ANXA5up cell line 

with a stable ANXA5 upregulation of about 50.5% (Figure 1), 

which made feasible for investigating the deregulation 

molecular mechanism of ANXA5 in Hca-P cells. Compared 

with Hca-P-mock, the in vitro migration and invasion 

capacities of Hca-P-ANXA5up cells elevated by 150.6% 

(p=0.001, Figure 2A) and 94.8% (p=0.003, Figure 2B). 

ERK/MAPK pathway is involved in the proliferation, 

metastasis and drug resistance of various cancers [25-27]. The 

phosphorylation of MEK at the site Ser217/221 leads to the 

phosphorylation of ERK1/2, a key molecule in ERK pathway, 

at Thr202/Tyr204. Then, p-ERK1/2 (Thr202/Tyr204) 

dissociated from p-MEK (Ser217/221) and translocated into 

nucleus for functionality [27, 28]. ERK1/2 was overexpressed 

in HCC cell line [16]. ANXA5 upregulation in MCF-7 cells 

suppressed Ras/Raf/MEK/ERK pathway activated by 

12-O-tetradecanoylphorbol-13-acetate (TPA) [17]. Work from 

our group also showed ANXA5 knockdown decreased the in 

vitro malignant behaviours of Hca-F through 

ERK2/p-ERK2/c-Jun pathway [22]. Herein, ANXA5 

overexpression in Hca-P activated p-MEK-ERK/p-ERK 

pathway. The expression levels of p-MEK (Ser217/221), 

ERK1, ERK2, p-ERK1 (Thr202/Tyr204) and p-ERK2 

(Thr185/Tyr187) in Hca-P-ANXA5up cells were 3.64-, 1.55-, 

1.59-, 3.09- and 3.18-fold of those in Hca-P-mock cells 

(Figure 3A). Clearly, ANXA5 overexpression enhanced the 

activation of MEK-ERK signaling transduction contributing 

to the higher malignancy of Hca-P cells (Figure 4). 

Cancer metastasis mainly contributes from the invasion 

and migration abilities of tumor cells. 

Epithelial-mesenchymal transition (EMT) is crucial for the 

dissemination and invasion of certain cancers [29]. E-cadherin 

suppression or loss is an important induction factor of EMT in 

tumorigenesis [15, 28, 30-33]. The requisition of E-cadherin 

suppressed the ability of metastasis tumor cells [33]. ERK 

signaling pathway mediated E-cadherin in hepatoma cells [16, 

30]. We proposed that ANXA5-overexpression-enhanced 

ERK activity might induce E-cadherin deregulation. The 

result showed the level of E-cadherin in Hca-P-ANXA5up 

was only about 16% of that in Hca-P-mock cells (p<0.001, 

Figure 3A). Probably, E-cadherin suppression induced by 

ANXA5 overexpression contributes to increased malignant 

potential of Hca-P cells (Figure 4) under the mediation of 

p-MEK/ERK signaling transduction. 

More commonly reported as a suppresser for tumor 

invasion and metastasis, the activity of E-cadherin was more 

commonly reported to be negatively regulated by transcription 

repressors E47, Snai1, Slug, Twist 1, Twist2, ZEB1 and ZEB2 

[34-37]. ANXA5 overexpression did not lead to expression 

increases of above molecules in Hca-P-ANXA5up cells by 

qRT-PCR assay (Figure 3B). While interestingly, the 

expression levels of Snai1 and Slug were decreased by 42% 

and 47% in Hca-P-ANXA5up cells than Hca-P-mock cells 

(p<0.05, Figure 3B). In non-small cell lung cancer cell lines, 

E-cadherin, Snail and Slug were simultaneously decreased 

with Musashi-2 depletion [38]. E-cadherin and Snail 

expressions were both enhanced in hepatic cells of 

hepatitis-hepatom mouse induced by inflammation [39]. This 

work showed that Snai1 and Slug downregulations are 

triggered in enhanced malignant potentials of Hca-P cells 

induced by ANXA5 overexpression, which was consistent 

with previous study that ANXA5 knockdown in Hca-F cells 

resulted in simultaneous upregulations of E-cadherin, Snail 

and Slug [22]. The role and mediation mechanism of ANXA5 

deregulation in tumor invasion and metastasis are worthy of 

further investigation. 

5. Conclusion 

ANXA5 is linked to hepatocarcinoma malignancy. The 

stable overexpression of ANXA5 promotes the in vitro 

migration and invasion abilities of Hca-P cells. The expression 

levels of p-MEK (Ser217/221), ERK1, ERK2, p-ERK1 

(Thr202/Tyr204) and p-ERK2 (Thr185/Tyr187) were 

significantly elevated in cancer cells following ANXA5 

overexpression. The enhanced activation of p-MEK-ERK 

signaling triggered the down-regulations of E-Cadherin, Snail 

and Slug. ANXA5 deregulation induced the malfunctions of 

these molecules in mediating the malignant behaviours Hca-P 

cells. ANXA5 is a potential target in tumor malignancy and 

lymphatic metastasis of hepatocarcinoma. 
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