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Abstract. Annexin A6 (AnxA6) is a member of a conserved 
superfamily of Ca2+-dependent membrane-binding annexin 
proteins. It participates in membrane and cytoskeleton orga-
nization, cholesterol homeostasis, membrane trafficking, cell 
adhesion and signal transduction. The expression levels of 
AnxA6 are closely associated with melanoma, cervical cancer, 
epithelial carcinoma, breast cancer, gastric cancer, prostate 
cancer, acute lymphoblastic leukemia, chronic myeloid 
leukemia, large-cell lymphoma and myeloma. AnxA6 exhibits 
dual functions in cancer, acting either as a tumor suppressor or 
promoter, depending on the type of cancer and the degree of 
malignancy. In several types of cancer, AnxA6 acts via Ras, 
Ras/MAPK and/or FAK/PI3K signaling pathways by mainly 
mediating PKCα, p120GAP, Bcr-Abl and YY1. In the present 
review, the roles of AnxA6 in different types of cancer are 
summarized.
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1. Introduction

The annexins are highly conserved Ca2+-dependent 
membrane-binding proteins that display a diverse range of 
functions in cellular development and differentiation (1-5). 
They are classified into 5 groups, termed A‑E. The annexins of 
group A, (which includes 12 subgroups, designated as A1-A11 
and A13), are present in vertebrates (1).

The annexins are composed of 2 principal domains: A 
variable N-terminal domain, and a conserved C-terminal core, 
which contains the Ca2+- and membrane-binding sites (1-5). 
The C-terminal cores of the annexins are characterized 
by 4 homologous annexin repeats, with the exception of 
annexin A6 (AnxA6), which has 8 (1,2). Each repeat contains 
~70 highly conserved amino acid residues. These repeats are 
packed into a disc, which is mostly α-helical, with a slight 
curvature, and the presence of Ca2+ facilitates the binding 
of membrane phospholipids to the disc region (1). The flex-
ible N-terminal domain is located on the concave side of the 
annexin. The diversity displayed by this domain is the main 
criterion for distinguishing the different annexin subfami-
lies (1,6). Annexins participate in cancer cell proliferation, 
motility, tumor invasion, metastasis, angiogenesis, apoptosis 
and drug resistance (7,8).

The human ANXA6 gene is composed of 26 exons, with 
~6,000 bp, and is located on chromosome 5q32-q34 (7,8). 
Unlike the other annexins, AnxA6 contains 2 annexin 
domains connected by a linker located between the fourth 
and fifth annexin repeats. These 2 annexin domains may 
have evolved from fusion duplicates of the ANXA5 and 
ANXA10 genes (1,2). The Ca2+-binding sites of AnxA6 are 
located in the annexin repeats 1, 2, 4, 5, 6 and 8 (9). The 
putative phosphorylation sites of AnxA6 are the residues 
Ser13, Tyr30 and Thr356 (10). Ca2+-activated AnxA6 binds 
to negatively charged phospholipids, including phosphati-
dylserine, phosphatidylinositol and phosphatidic acid (3), 
and to phosphatidylethanolamine and arachidonic acid (11). 
The targeting of AnxA6 to membrane locations via the 
phospholipid is regulated by the pH and the levels of choles-
terol (12-14). AnxA6 contributes to membrane organization; 
participates in cholesterol homeostasis (12,13,15,16); regulates 
the interactions of membranes and actin during endocytic 
transport (17,18); and regulates secretory events with S100 
proteins (19) and tumor protein D52 (TPD52) (20). The inter-
action of AnxA6 with activated protein kinase C (PKC)-α 
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and p120GTPase-activating protein (GAP) (21-23) may down-
regulate the epidermal growth factor receptor (EGFR)/Ras 
signaling pathway, since p120GAP is the sole GAP known to 
bind to EGFR and promote the hydrolysis of Ras-GTP (24).

AnxA6 is closely associated with a variety of tumors, as 
summarized in Tables I and II. It has been implicated as a 
potential marker for cervical cancer (CC) (25), and as a tumor 
suppressor in melanoma (26), epithelial carcinoma (23,27-29), 
breast cancer (BC) (23,28), gastric cancer (GC) (30), prostate 
cancer (PCa) (31,32) and chronic myeloid leukemia (CML) (33). 
Furthermore, AnxA6 is considered to act as a promoting 
factor in the cellular adhesion, motility and invasiveness of 
BC (34,35), the progression of acute lymphoblastic leukemia 
(ALL) (36), the adhesion of lymphoma (37), and the secretory 
processes in myeloma cells (21).

2. Role of AnxA6 in melanoma progression

The incidence of malignant melanoma is increasing world-
wide (38). The prognosis is poor if it is not diagnosed at an 
early stage, and it is responsible for the majority of the mortali-
ties associated with skin cancer (38).

AnxA6 acts as a tumor suppressor in skin cancer, and 
is involved in the conversion of melanocytes to malignant 

melanomas. In a study by Francia et al (26), the mRNA 
expression levels of AnxA6 were observed to be lower in 
murine B16F1O-metastatic melanoma cells than in synge-
neic melan-A immortalized melanocyte cells. In addition, 
the protein levels of AnxA6 were markedly reduced in the 
B16F1O cells compared with the melan-A cells, and inversely 
correlated with melanoma progression (26). Immunohisto-
chemical (IHC) analyses demonstrated that the expression 
of AnxA6 was reduced or eliminated following an increase 
in tumor malignancy (26). Thus, these results suggest that 
AnxA6 may inhibit melanoma progression.

3. Roles of AnxA6 in cervical cancer progression and ma-
lignancy

CC is the second most common cancer affecting females 
worldwide (39). Of all the cervical malignancies, 70-80% are 
squamous cell cervical carcinoma (SCC) originating from 
squamous cell epithelia (SCEs) (25).

A number of studies have demonstrated that AnxA6 is 
associated with the progression and malignancy of CC, and 
it is a potential protein marker for SCC development (25,40). 
Proteomic results of Lomnytska et al (25) demonstrated that 
AnxA6 was overexpressed in SCC, and the N-terminus of 

Table I. Negative correlation of AnxA6 expression with various types of cancer.

Tumor type AnxA6 expression pattern Implication Ref.

Melanoma Low expression levels in melanoma malignancy AnxA6 acts as a tumor suppressor in melanoma (26)
Epithelial No expression in A431 cells Overexpression of AnxA6 leads to growth (23,27-29)
carcinoma  and tumor suppression effects in A431 cells 
BC Low expression levels in invasive ductal AnxA6 is a potential marker for detection (28,34,35)
 carcinoma and mucous adenocarcinoma tissues of BC and prediction of survival 
GC Low expression levels in GC cells and tissues AnxA6 is a potential suppressor of GC (30)
PCa Low expression levels in localized PCa tissues  AnxA6 inversely correlates with PCa (31,32)
 and reduced during PCa progression progression
CML Low expression levels in FDCP-Mix cells AnxA6 contributes to CML progression (37)
 on long term exposure to Bcr-Abl PTK regulated by Bcr-Abl PTK

AnxA6, annexin A6; BC, breast cancer; GC, gastric cancer; PCa, prostate cancer; CML, chronic myeloid leukemia; FDCP, factor-dependent 
cell progenitors; Bcr, breakpoint cluster region; Abl, Abelson murine leukemia viral oncogene homolog 1; PTK, protein tyrosine kinase.
 

Table II. Positive correlation of AnxA6 expression with various types of cancer.

Tumor type AnxA6 expression pattern Implication Ref.

CC High expression levels in SCC AnxA6 is a potential marker of CC diagnostics (27,31,40)
  and prognosis
ALL High expression levels in samples of patients AnxA6 is a candidate marker for monitoring (33)
 with ALL and in B‑lineage ALL cells minimal residual disease in B‑lineage ALL
Large‑cell  High expression levels in mouse Localized expression of AnxA6 is associated with (45)
lymphoma high metastatic RAW117 cells the metastasis and adhesion of lymphoma cells 
Myeloma Upregulation of AnxA6 is associated AnxA6 promotes tumorigenesis of B‑cell (21)
 with overexpression of TPD52 malignancies associated with TPD52

AnxA6, annexin A6; CC, cervical cancer; SCC, squamous cell cervical carcinoma; ALL, lymphoblastic leukemia; TPD52, tumor protein D52.
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AnxA6 was upregulated 2-fold in SCC compared with cervical 
mucosa (CM). In addition, strong expression of AnxA6 was 
observed in the nucleus of SCC cells, compared with the weak 
or moderate expression observed in the cytoplasm of SCE 
cells (25). However, these may be infiltrating immune cells, 
since their histopathological appearance was observed to be 
variable (40).

Another study by Lomnytska et al (40) indicated that AnxA6 
may aid cytology-based diagnostics of SCC precursor lesions, 
since its expression levels vary during the different sequential 
steps of SCC carcinogenesis. Their IHC analysis demonstrated 
the following findings: i) AnxA6 was preferentially expressed 
in the cytoplasm of SCC cells vs. the cell membranes of SCE; 
ii) the cytoplasmic expression of AnxA6 increased during 
the progression from cervical intraepithelial neoplasia 2/3 
(CIN2/3) to microinvasive cancer; iii) invasive SCC displayed 
the highest sensitivity and specificity during IHC detection of 
AnxA6, whereas microinvasive SCC presented low expres-
sion levels of AnxA6 in the cytoplasm; and iv) the number of 
sporadic AnxA6+ cells among atypical cells increased from 
CIN2/3 to invasive SCC (40). Based on these results, it is 
possible to hypothesize that the detectable alterations in the 
protein expression levels of AnxA6 in SCC precursor lesions 
may aid in the cytological and pathological diagnostics of CC 
and its prognostic evaluation. In addition, it has been demon-
strated that RNAi-induced knockdown of AnxA6 in human 
cervix adenocarcinoma HeLa cells enhanced EGF-induced 
Ras activity and phosphorylation of extracellular-signal-regu-
lated kinases (ERKs)1/2 following EGF stimulation (31). 
Thus, AnxA6 may function in CC through interactions with 
the Ras/mitogen-activated protein kinase (MAPK) signaling 
pathway.

4. Roles of AnxA6 in epithelial carcinoma A431 cells

Human A431 is a model cell line derived from SCE that retains 
the basic characteristics of the transformed phenotype (27). 
It displays overexpression of EGFR, increased Ras/MAPK 
activity (41) and reduced expression or complete supression of 
endogenous AnxA6 (38).

A study by Theobald et al (27) demonstrated that the 
overexpression of AnxA6 in A431 cells slightly inhibited cell 
growth when the cells were cultured in high-serum medium, 
but markedly increased cell proliferation if the serum content 
was reduced (27). Unlike wild type A431 (wtA431) cells, the 
AnxA6-expressing A431 cells (A431anx6) reached conflu-
ence and stopped proliferating in medium with low serum 
content, due to contact inhibition (27). Fluorescence-activated 
cell sorting analysis indicated that the A431anx6 cells were 
growth arrested in the G1 phase (27). The inhibition of A431 
growth by AnxA6 is considered to involve the EGF-induced 
Ras signaling pathway, and EGF-induced expression levels of 
cyclin D1 have been demonstrated to be increased in wtA431, 
but not A431anx6 cells, which led to markedly reduced 
clonogenic growth of the A431anx6 cells incubated with 
EGF compared with the controls (28). In vivo evidence has 
demonstrated tumors formed in nude mice by A431anx6 cells 
to be >60% smaller than those induced by wtA431 cells (29), 
highlighting the tumor-suppressor activity of AnxA6 in 
A431 cells. The expression of AnxA6 in A431 cells may inhibit 

the EGF-induced Ras signaling pathway by stimulating the 
Ca2+-dependent membrane recruitment of p120GAP (27-29,41).

Koese et al (23) demonstrated that AnxA6 interferes with 
the growth of A431 cells through interactions with PKCα and 
EGFR. In A431anx6 cells, the silencing of PKCα markedly 
increased the colony formation and cell proliferation capaci-
ties of A431anx6 cells (23). Furthermore, EGF stimulation was 
able to induce the upregulation of Thr-654 phosphorylation of 
EGFR (pT654-EGFR), suppression of Tyr phosphorylation of 
EGFR (pY-EGFR) and reduction of ERK1/2 phosphorylation, 
while PKCα depletion decreased pT654-EGFR, increased 
pY-EGFR and restored EGFR degradation induced by EGF 
in the A431anx6 cells (23). AnxA6 was recruited for degra-
dation of EGFR in an EGF-inducible manner, and increased 
levels of AnxA6 promoted the association of PKCα with the 
cell membrane and the interaction of PKCα with EGFR (23). 
Regarding the scaffolding function of membrane-anchored 
AnxA6 for PKCα, AnxA6 promoted PKCα-mediated EGFR 
inactivation, and negatively regulated downstream signaling 
for cell growth and proliferation (23). Collectively, these 
results suggest that AnxA6 displays tumor suppression effects 
on A431 cells by facilitating the membrane targeting of PKCα 
and/or p120GAP, which is mediated by downregulation of the 
EGF-induced Ras activity and reduced expression levels of 
cyclin D1.

5. Multiple functions of AnxA6 in breast cancer

BC is the most common type of cancer among females. 
AnxA6 exhibits diverse functions in different BC cell lines 
and at different invasive stages of BC (42).

AnxA6 contributes to the termination of EGFR-mediated 
activation of the Ras signaling pathway in BC cells with low 
expression levels of AnxA6. In a study by Vilá de Muga et al (28) 
AnxA6 was markedly downregulated in EGFR-overexpressed 
and estrogen receptor (ER)-negative BC cells, including BT20, 
MDA-MB-468, HBL-100, MDA-MB-231 and MDA-MB-157, 
compared with the controls. The overexpression of AnxA6 in 
these BC cells promoted Ca2+- and EGF-induced membrane 
targeting of p120GAP, and led to a Ca2+-dependent reduction 
of the EGF-induced activation of Ras and mitogen-activated 
protein kinase kinase 1/2. The downregulation of AnxA6 in 
MDA-MB-436 BC cells enhanced colony formation capacity, 
and increased the EGF-stimulated activity of Pan- and 
H-Ras (28). The overexpression of AnxA6 in BT20 cells 
reduced the EGF-induced expression of cyclin D1 (28). 
Furthermore, reduced levels of pY-EGFR, increased levels of 
pT654-EGFR and increased membrane association capacity 
of PKCα were observed in MDA-MB-468 and BT20 BC cells 
that overexpressed AnxA6 and EGFR (23). The inhibition of 
growth and proliferation induced by AnxA6 in these cells may 
occur via its interaction with PKCα and p120GAP, which may 
lead to reduced Ras signaling.

The protein expression levels of AnxA6 may also be associ-
ated with BC invasiveness: Sakwe et al (34) demonstrated that 
AnxA6 was secreted via a Ca2+-dependent exosomal pathway, 
and the cell surface-associated AnxA6 was observed to be 
concentrated in the membrane protrusions of BC cells. Other 
studies indicated that AnxA6 acted as an adhesion receptor to 
fetuin-A (α2 HS-glycoprotein), a major serum adhesive protein 
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on the surface of BC cells, by mediating growth signaling (43,44). 
AnxA6 has been observed to promote the invasiveness of 
BT-549 BC cells, which express higher levels of AnxA6 than 
MCF-10A cells, since the depletion of AnxA6 in BT-549 cells 
reduced their motility and abolished invasiveness (34,35). 
AnxA6 knockdown in BT-549 BC cells (BT-A6A cells) altered 
their cell morphology in a dose-dependent manner, compared 
with parental BT-549 cells (34). When cultured, the parental 
BT‑549 cells developed as cell masses, and were confluent 
by day 4, while the BT-A6A cells proliferated as single cells 
in an anchorage-independent mode, and continued to prolif-
erate without attaining confluence (34). These observations 
suggest that the loss of AnxA6 abolished contact inhibition 
and enhanced anchorage-independent cell proliferation in BC 
cells. Furthermore, the expression levels of AnxA6 are associ-
ated with the localization of focal adhesions at appropriate 
plasma membrane sites (34). Sakwe et al (34) also demon-
strated that depletion of AnxA6 inhibited cell-cell cohesion 
and cell adhesion/spreading onto specific extracellular matrix 
components. Immunofluorescence staining of vinculin indi-
cated that the cell-cell and cell-extracellular matrix contact 
sites in the adhesion plaques of BT-549 cells were peripherally 
located (34). The activated EGFR was mainly localized at the 
plasma membrane of BT-549 cells, which expressed high levels 
of AnxA6, leading to a sustained activation of MAPK ERK1/2. 
By contrast, in a study by Koumangoye et al (35), the acti-
vated EGFR was barely detectable at the plasma membranes 
of HCC1806 and MDA-MB-468 cells, which contained low 
expression levels of AnxA6, leading to a reduced activation 
of ERK1/2. Furthermore, the activation of focal adhesion 
kinase (FAK) and phosphatidylinositol 3 kinase (PI3K) in 
AnxA6-depleted BT-549 cells was observed to be strongly 
inhibited (34). Compared with the control BT-549 cells, the 
levels of EGF-activated EGFR and the EGF-stimulated acti-
vation of ERK1/2 and protein kinase B (PKB or Akt) were 
strongly reduced in AnxA6-depleted BT-549 cells, while the 
degradation of EGFR was enhanced in these cells (35). In 
conclusion, AnxA6 participates in enhancing the localiza-
tion and stabilization of activated EGFR on cell surfaces, 
and/or enhancing the localization of focal adhesions. The 
consequently enhanced activation of FAK triggers a sustained 
activation of downstream effectors that promote the motility 
and invasiveness of BT-549 BC cells.

Clinically, AnxA6 may be a potential indicator of BC prog-
nosis and invasion stages. A previous study demonstrated that 
AnxA6 was strongly expressed in normal mammary tissues, 
while its expression was reduced by ~60 and ~70% in invasive 
ductal carcinoma and mucous adenocarcinoma tissues, respec-
tively (34). IHC analyses of proliferating cell nuclear antigen 
indicated that cell proliferation was barely detectable in normal 
breast tissues, whereas it was more easily detected in invasive 
ductal carcinoma and mucous adenocarcinoma tissues (34). 
AnxA6-depleted cells were observed to be more sensitive to 
the EGFR-targeted tyrosine kinase inhibitors lapatinib and 
PD153035 than the control BT-549 cells (35). Reduced expres-
sion levels of AnxA6 were associated with a better relapse-free 
survival of patients with BC, while basal levels of AnxA6 were 
associated with poorer distant metastasis-free survival and 
overall survival rates of patients with basal-like BC (35). Thus, 
the expression levels of AnxA6 may aid in the detection of BC, 

the prediction of survival of patients with basal-like BC and 
the development of improved EGFR-targeted therapies for BC.

6. AnxA6 is downregulated through promoter methylation 
in gastric cancer

GC is the second leading cause of cancer-associated mortali-
ties worldwide, and AnxA6 negatively correlates with GC 
progression (42).

A study by Wang et al (30) indicated that the mRNA levels 
of AnxA6 were downregulated in GC cell lines and primary 
gastric carcinoma tissues compared with stomach epithelium 
cells and normal paracancerous tissues, respectively. Restored 
expression of AnxA6 in MKN28 cells inhibited their growth 
and clonogenic ability through inhibiting Ras/MAPK activity. 
The downregulation of AnxA6 in GC cells is a result of the 
methylation of its promoter region, as indicated by the fact that a 
typical CpG island (CGI) in the promoter region of the ANXA6 
gene was observed to be methylated in a number of GC cell 
lines. Furthermore, the expression of AnxA6 may be restored 
following demethylation treatment (30). The methylation of 
AnxA6 in GC cells was closely associated with yin yang 1 (YY1), 
a transcription factor involved in the initiation and maintenance 
of DNA methylation (30). YY1 was bound to AnxA6 through 
several consensus binding sequences within the promoter 
region of the ANXA6 gene, and the depletion of YY1 by siRNA 
reduced the CGI methylation of AnxA6, and consequently 
restored the expression of AnxA6 (30). The downregulation of 
AnxA6 by YY1-induced promoter methylation of ANXA6 CGI 
in GC cells enhanced GC invasiveness and progression through 
interrupted activity of Ras/MAPK signaling (30). Although the 
methylation of the ANXA6 promoter CGI was detected in all 
the 6 GC cell lines studied and in 29 of 156 (18.6%) primary 
GC tissues, it was not observed to be a significant indicator of 
the prognosis of patients with GC (30). Therefore, the role of 
methylation in the promoter of the ANXA6 gene in GC requires 
further investigation.

7. Potential role of AnxA6 in prostate cancer progression

PCa is the second leading cause of cancer-associated mortali-
ties in males (42). Although prostate‑specific antigen (PSA) 
screening is successful in the early diagnosis of clinically 
localized PCa, no reliable predictors of the behavior and 
aggressiveness of PCa have been identified thus far (32).

The mRNA levels of AnxA6 are associated with PCa 
progression, and the cDNA and mRNA levels of AnxA6 were 
slightly reduced and significantly downregulated (P=0.0001), 
respectively, in localized PCa tissues compared with benign 
ones in a study by Xin et al (32). The reduction of AnxA6 
was further accentuated during the progression from benign 
to malignant state in a previous model of PCa (31), implicating 
the participation of AnxA6 in PCa progression.

8. Roles of AnxA6 in blood cancer

Various types of blood cancer, including leukemia, lymphoma 
and myeloma, affect the blood, bone marrow and lymph nodes. 
AnxA6 is involved in B-lineage ALL, CML and large-cell 
lymphoma (20,33,36,37).
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ALL, characterized by excessive lymphoblasts, is a common 
form of leukemia in children (36). AnxA6 may be a candidate 
marker for monitoring minimal residual disease in B-lineage 
ALL. The mRNA levels of AnxA6 were upregulated ≥2-fold 
in 2 of 4 leukemic samples from patients diagnosed with ALL, 
compared with normal CD19+, CD10+ B-cell progenitors (36). 
In addition, high protein levels of AnxA6 were detected in 
B-lineage ALL cells (36).

CML, a clonal disorder of pluripotent hemopoietic 
stem cells, is another form of leukemia (33). AnxA6 
may contribute to CML progression by association with 
Bcr-Abl protein tyrosine kinase (PTK) activity. In CML, the 
constitutively activated hybrid protein Bcr-Abl PTK affects 
the differentiation and development of primitive hemopoietic 
progenitor cells. The specific biological consequences of the 
Bcr-Abl activity in these progenitors were investigated by 
Pierce et al (45) employing a model of the multipotent hemopoi-
etic cell line, termed FDCP-Mix, which was transfected with 
a temperature-sensitive mutant of Bcr-Abl. The transfected 
FDCP-Mix cells that were cultured at the optimal temperature 
for Bcr-Abl PTK activity displayed enhanced survival and 
proliferation, which mimicked the disease progression in CML 
by controlling the time of exposure of the FDCP-Mix cells to 
Bcr-Abl PTK. Previous proteomic results demonstrated that 
AnxA6 was markedly downregulated (80%) in FDCP-Mix 
cells following long term exposure to Bcr-Abl PTK, compared 
with cells that had been exposed to Bcr-Abl PTK for a short 
time (33). These results were further confirmed by poly(A) 
polymerase chain reaction analysis of the cDNA and by 
western blotting (33). Thus, Bcr-Abl interacts with AnxA6 in 
CML progression.

The cellular localization of AnxA6 is also associated with 
the metastasis and adhesion of lymphoma cells. Cytofluoro-
graphic assays have indicated that AnxA6 is more abundantly 
expressed on the cell surface of mouse high metastatic 
RAW117 cells than on RAW117 lymphoma cells (37). AnxA6 
may act as a tumor cell-endothelial cell adhesion molecule 
in lymphoma, as incubation with an anti-AnxA6 antibody 
markedly inhibited the Ca2+-dependent adhesion of RAW117 
to endothelial cells (37). Collectively, the upregulation and 
relocalization of AnxA6 on the cell surface may promote the 
progression and metastasis of lymphoma.

Additionally, AnxA6 may promote the tumorigenesis 
of B-cell malignancies in association with TPD52. It has 
been previously observed that the overexpression of TPD52 
contributes to the progression of BC, PCa and ovarian cancer 
(OC) (46-48), and acts as a marker to differentiate B cells from 
plasma cells (21). This hypothesis is supported by the fact that 
AnxA6 was coimmunoprecipitated with TPD52 in the Thiel 
human myeloma cell line in a Ca2+-dependent manner (21). 
Thus, the upregulation of AnxA6 in response to overexpres-
sion of TPD52 may enhance the tumorigenesis of B-cell 
malignancies.

9. Conclusion

The disregulation of AnxA6 has been demonstrated to be 
involved in melanoma, CC, epithelial carcinoma, BC, GC, PCa, 
ALL, CML, large-cell lymphoma and myeloma, as indicated 
in Tables I and II. Thus, AnxA6 may be a potential biomarker 

for the diagnosis, treatment and prognosis of certain tumors. 
AnxA6 displays tumor suppressor effects in melanoma, 
epithelial carcinoma, GC, PCa and CML. Its downregulation 
promotes the development and enhances the invasiveness 
and metastasis of these types of cancer. AnxA6 exhibits 
tumor-potentiating effects in CC, ALL, large-cell lymphoma 
and myeloma. The loss of AnxA6 suppresses the invasive-
ness and motility of BC and BC cells, while enhancing the 
anchorage‑independent cell growth of BC cells. The specific 
role of AnxA6 depends on the type of cancer and the level 
of malignancy. Thus far, the action of AnxA6 has been most 
commonly associated with the deregulation of Ras, Ras/MAPK 
and FAK/PI3K signaling activities, mainly through the inter-
actions with PKCα, p120GAP, Bcr-Abl and YY1. Regardless, 
the roles of Anxa6 in various types of cancer and the details of 
its mechanism of action require further study.

Acknowledgements

The present study was supported by grants from the National 
Natural Science Foundation of China (81171957, 81272186 
and 81050010), the Distinguished Young Scholars of Liaoning 
College and University (LJQ2011094) and the Liaoning BaiQ-
ianWan Talent Project (2012921015).

References

 1. Gerke V and Moss SE: Annexins: From structure to function. 
Physiol Rev 82: 331-371, 2002.

 2. Moss SE and Morgan RO: The annexins. Genome Biol 5: 219, 2004.
 3. Gerke V, Creutz CE and Moss SE: Annexins: Linking 

Ca2+ signalling to membrane dynamics. Nat Rev Mol Cell Biol 6: 
449-461, 2005.

 4. Hayes MJ and Moss SE: Annexins and disease. Biochem Biophys 
Res Commun 322: 1166-1170, 2004.

 5. Rescher U and Gerke V: Annexins - unique membrane binding 
proteins with diverse functions. J Cell Sci 117: 2631-2639, 2004.

 6. Lecona E, Turnay J, Olmo N, Guzmán-Aránguez A, Morgan RO, 
Fernandez MP and Lizarbe MA: Structural and functional 
characterization of recombinant mouse annexin A11: Influence 
of calcium binding. Biochem J 373: 437-449, 2003.

 7. Mussunoor S and Murray GI: The role of annexins in tumour 
development and progression. J Pathol 216: 131-140, 2008.

 8. Bastian BC: Annexins in cancer and autoimmune diseases. Cell 
Mol Life Sci 53: 554-556, 1997.

 9. Huber R, Schneider M, Mayr I, Römisch J and Paques EP: The 
calcium binding sites in human annexin V by crystal structure 
analysis at 2.0 A resolution. Implications for membrane binding 
and calcium channel activity. FEBS Lett 275: 15-21, 1990.

10. Enrich C, Rentero C, de Muga SV, Reverter M, Mulay V, Wood P, 
Koese M and Grewal T: Annexin A6-Linking Ca(2+) signaling with 
cholesterol transport. Biochim Biophys Acta 1813: 935-947, 2011.

11. Edwards HC and Crumpton MJ: Ca(2+)-dependent phospholipid 
and arachidonic acid binding by the placental annexins VI and IV. 
Eur J Biochem 198: 121-129, 1991.

12. de Diego I, Schwartz F, Siegfried H, Dauterstedt P, Heeren J, 
Beisiegel U, Enrich C and Grewal T: Cholesterol modulates the 
membrane binding and intracellular distribution of annexin 6. 
J Biol Chem 277: 32187-32194, 2002.

13. D omon  M M,  Ma t a r  G,  S t r z e l e ck a -K i l i sz ek  A, 
Bandorowicz-Pikula J, Pikula S and Besson F: Interaction of 
annexin A6 with cholesterol rich membranes is pH-dependent 
and mediated by the sterol OH. J Colloid Interface Sci 346: 
436-441, 2010.

14. Monastyrskaya K, Tschumi F, Babiychuk EB, Stroka D and 
Draeger A: Annexins sense changes in intracellular pH during 
hypoxia. Biochem J 409: 65-75, 2008.

15. Sprenger RR, Speijer D, Back JW, De Koster CG, Pannekoek H 
and Horrevoets AJ: Comparative proteomics of human endothelial 
cell caveolae and rafts using two-dimensional gel electrophoresis 
and mass spectrometry. Electrophoresis 25: 156-172, 2004.



QI et al:  AnxA6 IN CANCER1952

16. Cubells L, Vilà de Muga S, Tebar F, Wood P, Evans R, 
Ingelmo-Torres M, Calvo M, Gaus K, Pol A, Grewal T and 
Enrich C: Annexin A6-induced alterations in cholesterol 
transport and caveolin export from the Golgi complex. Traffic 8: 
1568-1589, 2007.

17. Hosoya H, Kobayashi R, Tsukita S and Matsumura F: 
Ca(2+)-regulated actin and phospholipid binding protein 
(68 kD‑protein) from bovine liver: Identification as a homologue 
for annexin VI and intracellular localization. Cell Motil 
Cytoskeleton 22: 200-210, 1992.

18. Creutz CE and Snyder SL: Interactions of annexins with the mu 
subunits of the clathrin assembly proteins. Biochemistry 44: 
13795-13806, 2005.

19. Bode G, Lüken A, Kerkhoff C, Roth J, Ludwig S and Nacken W: 
Interaction between S100A8/A9 and annexin A6 is involved in 
the calcium-induced cell surface exposition of S100A8/A9. J Biol 
Chem 283: 31776-31784, 2008.

20. Tiacci E, Orvietani PL, Bigerna B, Pucciarini A, Corthals GL, 
Pettirossi V, Martelli MP, Liso A, Benedetti R, Pacini R, et al: 
Tumor protein D52 (TPD52): A novel B-cell/plasma-cell 
molecule with unique expression pattern and Ca(2+)-dependent 
association with annexin VI. Blood 105: 2812-2820, 2005.

21. Chow A, Davis AJ and Gawler DJ: Identification of a novel 
protein complex containing annexin VI, Fyn, Pyk2, and the 
p120(GAP) C2 domain. FEBS Lett 469: 88-92, 2000.

22. Grewal T, Koese M, Rentero C and Enrich C: Annexin 
A6-regulator of the EGFR/Ras signalling pathway and cholesterol 
homeostasis. Int J Biochem Cell Biol 42: 580-584, 2010.

23. Koese M, Rentero C, Kota BP, Hoque M, Cairns R, 
Wood P, Vilà de Muga S, Reverter M, Alvarez-Guaita A, 
Monastyrskaya K, et al: Annexin A6 is a scaffold for PKCα to 
promote EGFR inactivation. Oncogene 32: 2858-2872, 2013.

24. Wang Z, Tung PS and Moran MF: Association of p120 ras GAP 
with endocytic components and colocalization with epidermal 
growth factor (EGF) receptor in response to EGF stimulation. 
Cell Growth Differ 7: 123-133, 1996.

25. Lomnytska MI, Becker S, Hellman K, Hellström AC, 
Souchelnytskyi S, Mints M, Hellman U, Andersson S and Auer G: 
Diagnostic protein marker patterns in squamous cervical cancer. 
Proteomics Clin Appl 4: 17-31, 2010.

26. Francia G, Mitchell SD, Moss SE, Hanby AM, Marshall JF and 
Hart IR: Identification by differential display of annexin‑VI, a 
gene differentially expressed during melanoma progression. 
Cancer Res 56: 3855-3858, 1996.

27. Theobald J, Smith PD, Jacob SM and Moss SE: Expression of 
annexin VI in A431 carcinoma cells suppresses proliferation: A 
possible role for annexin VI in cell growth regulation. Biochim 
Biophys Acta 1223: 383-390, 1994.

28. Vilá de Muga S, Timpson P, Cubells L, Evans R, Hayes TE, 
Rentero C, Hegemann A, Reverter M, Leschner J, Pol A, et al: 
Annexin A6 inhibits Ras signalling in breast cancer cells. 
Oncogene 28: 363-377, 2009.

29. Theobald J, Hanby A, Patel K and Moss SE: Annexin VI has 
tumour-suppressor activity in human A431 squamous epithelial 
carcinoma cells. Br J Cancer 71: 786-788, 1995.

30. Wang X, Zhang S, Zhang J, Lam E, Liu X, Sun J, Feng L, Lu H, 
Yu J and Jin H: Annexin A6 is down-regulated through promoter 
methylation in gastric cancer. Am J Transl Res 5: 555-562, 2013.

31. Grewal T, Evans R, Rentero C, Tebar F, Cubells L, de Diego I, 
Kirchhoff MF, Hughes WE, Heeren J, Rye KA, et al: Annexin A6 
stimulates the membrane recruitment of p120GAP to modulate 
Ras and Raf-1 activity. Oncogene 24: 5809-5820, 2005.

32. Xin W, Rhodes DR, Ingold C, Chinnaiyan AM and Rubin MA: 
Dysregulation of the annexin family protein family is associated 
with prostate cancer progression. Am J Pathol 162: 255-261, 
2003.

33. Smith DL, Evans CA, Pierce A, Gaskell SJ and Whetton AD: 
Changes in the proteome associated with the action of Bcr-Abl 
tyrosine kinase are not related to transcriptional regulation. Mol 
Cell Proteomics 1: 876-884, 2002.

34. Sakwe AM, Koumangoye R, Guillory B and Ochieng J: 
Annexin A6 contributes to the invasiveness of breast carcinoma 
cells by influencing the organization and localization of func-
tional focal adhesions. Exp Cell Res 317: 823-837, 2011.

35. Koumangoye RB, Nangami GN, Thompson PD, Agboto VK, 
Ochieng J and Sakwe AM: Reduced annexin A6 expression 
promotes the degradation of activated epidermal growth 
factor receptor and sensitizes invasive breast cancer cells to 
EGFR-targeted tyrosine kinase inhibitors. Mol Cancer 12: 167, 
2013.

36. Chen JS, Coustan-Smith E, Suzuki T, Neale GA, Mihara K, 
Pui CH and Campana D: Identification of novel markers for 
monitoring minimal residual disease in acute lymphoblastic 
leukemia. Blood 97: 2115-2120, 2001.

37. Tressler RJ, Yeatman T and Nicolson GL: Extracellular annexin VI 
expression is associated with divalent cation-dependent endo-
thelial cell adhesion of metastatic RAW117 large-cell lymphoma 
cells. Exp Cell Res 215: 395-400, 1994.

38. Jerant AF, Johnson JT, Sheridan CD and Caffrey TJ: Early 
detection and treatment of skin cancer. Am Fam Physician 62: 
357-368, 375-376, 381-382, 2000.

39. Arbyn M, Castellsagué X, de Sanjosé S, Bruni L, Saraiya M, 
Bray F and Ferlay J: Worldwide burden of cervical cancer in 
2008. Ann Oncol 22: 2675-2686, 2011.

40. Lomnytska MI, Becker S, Bodin I, Olsson A, Hellman K, 
Hellström AC, Mints M, Hellman U, Auer G and Andersson S: 
Differential expression of ANXA6, HSP27, PRDX2, NCF2, and 
TPM4 during uterine cervix carcinogenesis: Diagnostic and 
prognostic value. Br J Cancer 104: 110-119, 2011.

41. King IC and Sartorelli AC: The relationship between epidermal 
growth factor receptors and the terminal differentiation of A431 
carcinoma cells. Biochem Biophys Res Commun 140: 837-843, 
1986.

42. Siegel R, Naishadham D and Jemal A: Cancer statistics, 2012. 
CA Cancer J Clin 62: 10-29, 2012.

43. Sakwe AM, Koumangoye R, Goodwin SJ and Ochieng J: 
Fetuin-A ({alpha}2HS-glycoprotein) is a major serum adhesive 
protein that mediates growth signaling in breast tumor cells. 
J Biol Chem 285: 41827-41835, 2010.

44. Kundranda MN, Ray S, Saria M, Friedman D, Matrisian LM, 
Lukyanov P and Ochieng J: Annexins expressed on the cell 
surface serve as receptors for adhesion to immobilized fetuin-A. 
Biochim Biophys Acta 1693: 111-123, 2004.

45. Pierce A, Owen-Lynch PJ, Spooncer E, Dexter TM and 
Whetton AD: p210 Bcr-Abl expression in a primitive multipotent 
haematopoietic cell line models the development of chronic 
myeloid leukaemia. Oncogene 17: 667-672, 1998.

46. Shehata M, Bièche I, Boutros R, Weidenhofer J, Fanayan S, 
Spalding L, Zeps N, Byth K, Bright RK, Lidereau R and 
Byrne JA: Nonredundant functions for tumor protein D52-like 
proteins support specific targeting of TPD52. Clin Cancer 
Res 14: 5050-5060, 2008.

47. Rubin MA, Varambally S, Beroukhim R, Tomlins SA, 
Rhodes DR, Paris PL, Hofer MD, Storz-Schweizer M, Kuefer R, 
Fletcher JA, et al: Overexpression, amplification, and androgen 
regulation of TPD52 in prostate cancer. Cancer Res 64: 
3814-3822, 2004.

48. Byrne JA, Balleine RL, Schoenberg Fejzo M, Mercieca J, 
Chiew YE, Livnat Y, St Heaps L, Peters GB, Byth K, 
Karlan BY, et al: Tumor protein D52 (TPD52) is overexpressed 
and a gene amplification target in ovarian cancer. Int J Cancer 117: 
1049-1054, 2005.


