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Purpose: Vesicle-associated membrane protein 8 (VAMPS) is a
soluble N-ethylmaleimide-sensitive factor receptor protein that
participates in autophagy by directly regulating autophagosome
membrane fusion and has been reported to be involved in tumor
progression. Nevertheless, the expression and prognostic value
of VAMPS8 in breast cancer (BC) remain unknown. This study
aimed to evaluate the clinical significance and biological function
of VAMPS in BC. Methods: A total of 112 BC samples and 30
normal mammary gland samples were collected. The expression
of VAMP8 was assessed in both BC tissues and normal mam-
mary gland tissues via a two-step immunohistochemical detec-
tion method. Results: The expression of VAMPS8 in BC tissues
was significantly higher than that in normal breast tissues. Fur-
thermore, increased VAMP8 expression was significantly corre-

lated with tumor size (p=0.007), lymph node metastasis (p=
0.024) and recurrence (p=0.001). Patients with high VAMP8 ex-
pression had significantly lower cumulative recurrence-free sur-
vival and overall survival (p<0.001 for both) than patients with
low VAMPS expression. In multivariate logistic regression and
Cox regression analyses, lymph node metastasis and VAMP8 ex-
pression were independent prognostic factors for BC. Conclusion:
VAMPS is significantly upregulated in human BC tissues and can
thus be a practical and potentially effective surrogate marker for
survival in BC patients.
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INTRODUCTION

Breast cancer (BC) is the leading cause of cancer mortality
in women with an incidence of 660,000 new cases per year in
China. Moreover, the number of BC deaths and cases has sub-
stantially increased in the past few years. Despite advance-
ments in prevention, diagnosis, surgical techniques, and adju-
vant therapy, the overall prognosis and survival of patients
with BC have not satisfactorily improved [1]. Currently, Tu-
mor-Node-Metastasis stage, molecular type, histological
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grade, pathological type, and lymph node metastasis are
prominent prognostic risk factors in patients with BC [2].
However, these factors alone cannot explain differences in pa-
tient prognosis. Therefore, additional novel markers that are
involved in patient prognosis need to be identified.

The soluble N-ethylmaleimide-sensitive factor activating
protein receptor (SNARE) family is a superfamily of small
proteins containing more than 35 members in mammals,
with varying sizes and complex structures [3]. Being essential
components for cellular activities, SNARE proteins are in-
volved in the progression of various tumors [4,5]. Vesicle-as-
sociated membrane protein 8 (VAMPS8) was first identified as
an endosomal SNARE that participates in diverse biological
functions including endosomal fusion, exocytosis of glucose
transporter type 4 and insulin, regulation of exocytosis in se-
cretory cells, sequential granule-to-granule fusion, and au-
tophagy. Additionally, autophagy has been previously report-
ed to partially participate in tumorigenesis and progression.
Autophagy may exert distinct effects on different tumor cell
types and during different stages of tumor progression even
within the same tumor. Although studies on autophagy in BC
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patients have led to encouraging results, the potential role of
autophagy regulation in BC progression remains unclear. Un-
til now, the majority of studies have demonstrated that anti-
cancer strategies mediate autophagy in patients with BC [6].
In addition, the level of VAMPS has been shown to regulate
malignant transformation [7]. Therefore, whether VAMPS,
the main factor in autophagy regulation, is involved in BC
progression needs to be urgently investigated.

In this study, we statistically evaluated the correlation of
VAMPS expression and pathological features with clinical
prognosis in BC patients to determine its use as a prognostic
factor in BC patients.

METHODS

Patients

Between January 2008 and December 2009, all BC patients
treated with modified radical mastectomy at the Division of
Breast Surgery, affiliated with China Medical University were
considered for this retrospective study, excluding patients who
were lost to follow-up or had died. Patients who had under-
gone other surgical procedures were also excluded. A total of
112 eligible patients were finally included in the study. In add-
ition, breast tissue samples from 30 non-cancer patients were
obtained as controls. All patients were female, with a median
age of 52 years (range, 29-82 years), without prior chemother-
apy, radiation therapy, or other related treatment. None of the
patients had tumors in any other organ. Follow-up occurred
for at least 8 years or until patient death. This study was ap-
proved by the First Affiliated Hospital Ethics committee of
China Medical University (IRB approval number: AF-SOP-
07-1.1-01), following the current regulations of the Chinese
government as well as the Declaration of Helsinki. Informed
consent was provided from the patients.

Immunohistochemistry

Rabbit anti-human VAMP8 polyclonal antibody (1:300)
was purchased from Abcam (Cambridge, UK), and the Ultra-
sensitive™ S-P Kit (strept avidin-biotin complex) was pur-
chased from Zhongshan Jingiao Biotechnology Co. (Beijing,
China). Dewaxing was performed using conventional meth-
ods, and ethylenediaminetetraacetic acid was used to carry
out antigen retrieval. All procedures were carried out accord-
ing to the specifications of the kit. Each section was randomly
examined in five high-magnification fields (x200) to calcu-
late a VAMPS expression score, which took into account both
staining intensity and percentage of positive cells. The staining
intensity was given one of the following four scores: no color
was scored as 0, pale brown as 1, claybank as 2, and deep
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brown as 3. The percentage of positive cells was also scored, as
follows: <5% positive cells was scored as 0, 5%-25% as 1,
26%-50% as 2, 51%-75% as 3, and >75% as 4. The total ex-
pression score was calculated by multiplying the staining in-
tensity and percentage of positive cells scores. Cases without
VAMPS expression (-) had a score of 0 or 1, while cases with
VAMPS8 expression (+) had a score of >2 [7]. Based on the
scores, patients were classified into the following two groups:
low VAMP8 expression (<4) and high VAMP8 expression
(>4). Each slide was independently examined and scored by
two pathologists in a blinded fashion.

Statistical analysis

Data analysis and graph plotting were performed with SPSS
version 17.0 (SPSS Inc., Chicago, USA). Categorical variables
were expressed as absolute and relative frequencies and com-
pared by the chi-square test, and descriptive variables between
groups were compared using nonparametric tests. A logistic
regression model was used to estimate recurrence in multi-
variate analyses. Survival analyses were performed using the
log-rank and Cox regression methods. Two-sided tests were
used in all analyses. The significance level was set at p < 0.05.

RESULTS

Expression of VAMPS in breast cancer tissues

Immunohistochemical staining was used to observe the ex-
pression levels of VAMP8 in BC tissues and normal breast tis-
sues, as well as its subcellular location. As shown in Figure 1,
VAMPS8 was mainly located at the cell membrane, but not in
the nucleus or cytoplasm. In addition, a statistically significant
difference in the expression of VAMP8 was found between
BC tissues and normal tissues; 99 (88.4%) BC tissues had
VAMP8 expression, while only 14 (46.7%) normal tissues
showed any VAMPS expression (p <0.001) (Table 1).

Association between the expression of VAMP8 and clinical
parameters in patients with breast cancer

The associations of clinical parameters with VAMP8 ex-
pression are shown in Table 2. The expression of VAMPS8 was

Table 1. The expression levels of VAMP8 in breast cancer tissues and
normal breast tissues

VAMPS expression
Tissue sample No. Negative Positive p-value
No. (%) No. (%)
BC tissues 112 13(11.6) 99 (88.4) <0.001
Normal tissues 30 16 (63.3) 14 (46.7)

VAMPS = vesicle-associated membrane protein 8; BC =breast cancer.
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Figure 1. Immunohistochemical staining of vesicle-associated mem-
brane protein 8 in breast cancer (BC) and normal breast tissue (x 200).
(A) Representative positive staining in BC. (B) Representative negative
staining in BC. (C) Representative positive staining in normal breast. (D)
Representative negative staining in normal breast.
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significantly associated with tumor size (p=0.007), lymph
node metastasis (p=0.024), and recurrence (p=0.001); how-
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Table 2. Association between VAMPS8 expression and clinicopathologi-
cal parameters

VAMP8 protein expression
(=112
Parameter y>-value p-value
Low (n=53) High (h=59)
No. (%) No. (%)
Age (yr) 1479  0.224
<50 20 (37.7) 29 (49.2
>50 33(62.3) 30 (50.8)
Size (cm) 9.881  0.007
<2 28 (52.8) 18 (30.5)
>2, <5 17 (32.1) 17 (28.9)
>5 8(15.1) 24 (40.7)
Pathologic types 6.756  0.344
DCIS 2(3.8) 3(6.1)
DCIS with microinfiltration 4(7.5) 3(6.1)
IDC 40 (75.5) 42(711.2)
ILC 238 4(6.8)
ICC 1(1.9 2(3.4)
Paget’s 3(.7) 0
Others 1(1.9 5(8.5)
LN metastasis 5089 0.024
Negative 38(71.7) 30(50.8)
Positive 15(28.9) 29 (49.2)
Level Il LN metastasis 1.163  0.281
Negative 47 (88.7) 48(81.4)
Positive 6(11.3) 11 (18.6)
Histological grade 0.255 0.880
1 7(13.2) 8(13.6)
2 37 (69.8) 43(72.9)
3 9(17.0) 8(13.6)
ER 0.166  0.684
Negative 19 (35.8) 19(32.2)
Positive 34 (64.2) 40 (67.8)
PR 2.622 0.105
Negative 25 (47.2) 19(32.2)
Positive 28 (52.8) 40 (67.8)
HER2 0.020 0.887
Negative 15(28.9) 16 (27.1)
Positive 38 (71.7) 43(72.9)
Recurrence 10.604  0.001
No 44 (83.0) 32 (54.2)
Yes 9(17.0) 27 (45.8)
Type of recurrence 2138 0.144
Local recurrence 19.1) 8(32.0)
Distant metastasis 10(90.9) 17 (68.0)

VAMPS =vesicle-associated membrane protein 8; DCIS = ductal carcinoma in
situ; IDC=invasive ductal carcinoma; ILC=invasive lobular carcinoma;
ICC=invasive cribriform carcinoma; LN =lymph node; ER=estrogen receptor;
PR =progesterone receptor; HER2=human epidermal growth factor receptor
2.

ever, there was no significant association between VAMPS ex-
pression and age, estrogen receptor expression, progesterone
receptor expression, pathological type, or histological classifi-
cation.
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Table 3. Clinicopathological parameters and two groups of the BC pa-
tients

Nonrecurrence  Recurrence
Parameter (grfgg) (gfgg) y-value p-value
No. (%) No. (%)

Age (yn) 0.842 0.359
<50 31(40.8) 18 (50.0)
>50 45 (69.2) 18 (50.0)

Size (cm) 14138 <0.001
<2 39 (51.3) 7(19.4)
>2, <5 23(30.3) 11 (30.6)
>5 14 (18.4) 18 (50.0)

Pathologic types 6.523 0.367
DCIS 5(6.6) 0
DCIS with 5(6.6) 2(5.6)

microinfiltration

IDC 53 (69.7) 29 (80.6)
ILC 339 3(8.3
ICC 339 0
Paget's 3.9 0
Others 4(5.3) 2(5.6)

LN metastasis 24129  <0.001
Negative 58 (76.3) 10 (27.9)
Positive 18 (23.7) 26 (72.2)

Level Il LN metastasis 13582  <0.001
Negative 71(93.4) 24 (66.7)
Positive 5(6.6) 12 (33.3)

Histological grade 1.578 0.209
1 13(17.1) 2(5.6)
2 52 (68.4) 28 (77.8)
3 11 (14.5) 6(16.7)

ER 0.008 0.929
Negative 26 (34.2) 12 (33.3)
Positive 50 (65.8) 24 (66.7)

PR 0.004 0.950
Negative 30 (39.9) 14(38.9
Positive 46 (60.5) 22 (61.1)

HER2 0.847 0.357
Negative 19 (25.0) 12 (33.3)
Positive 57 (75.0) 24 (66.7)

Chemotherapy 0.447 0.503
Yes 65 (85.5) 29 (80.6)
No 11 (14.5) 7(19.4

Endocrine therapy 0.001 0.975
Yes 42 (55.3) 20 (55.6)
No 34 (44.7) 16 (44.4)

Radiation therapy 0.413 0.520
Yes 31(40.8) 17 (47.2)
No 45(59.2) 19 (52.8)

BC=breast cancer; DCIS =ductal carcinoma in situ; IDC=invasive ductal car-
cinoma; ILC=invasive lobular carcinoma; ICC=invasive cribriform carcinoma;
LN=lymph node; ER=estrogen receptor; PR=progesterone receptor;
HER2 = human epidermal growth factor receptor 2.

Risk factors for recurrence

The associations of clinical parameters with BC recurrence
are summarized in Table 3. Tumor size and the presence of
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Table 4. Risk factors associated with tumor recurrence in BC patients

Factor Odds ratio (95% Cl) p-value

Tumor size (<2 cmvs. >2 cm) 3.453 (1.183-10.075) 0.023

Lymph node metastasis 5.544 (1.947-15.787) 0.001
(negative vs. positive)

VAMPS8 expression (low vs. high) 2.971 (1.076-8.205) 0.036

BC=breast cancer; Cl=confidence interval; VAMP8 =vesicle-associated
membrane protein 8.

Table 5. Prognostic performance of clinical parameters in the univariate
Cox analysis

(OS] RFS
Parameter
y>-value  p-value y>-value  p-value
VAMPS8 expression (low vs. 13236 <0.001 14576 <0.001
high)
Size (<2 cmvs. 2-5 cm vs. 7.961 0.005 7.779 0.005
>5cm)
LN metastasis (negative vs. ~ 17.408  <0.001 18.913  <0.001
positive)
Level Il LN metastasis 13.244  <0.001 13911 <0.001
(negative vs. positive)
Histological classification 2.281 0.320 2.140 0.343

(Ivs. Ihvs. 1)
ER (negative vs. positive ) 2.929 0.403 2572 0.462
PR (negative vs. positive ) 1.796 0.616 2.013 0.570
HER2 (negative vs. positive) ~ 0.972 0.808 0.957 0.812
Age (<50 yrvs. 250 yr) 0.049 0.825 0.089 0.765

OS=overall survival; RFS = recurrence-free survival; VAMPS = vesicle-associat-
ed membrane protein 8; LN=lymph node; ER=estrogen receptor; PR=
progesterone receptor; HER2 =human epidermal growth factor receptor 2.

lymph node metastasis or level I lymph node metastasis were
significantly associated with BC recurrence (p<0.001, p<
0.001, and p <0.001, respectively). Subsequently, to better un-
derstand of the role of VAMPS8 expression in tumor recur-
rence, we performed logistic regression analysis on all para-
meters that were found to be correlated with tumor recurrence.
As shown in Table 4, with regard to tumor recurrence, tumor
size (<2 cm vs. >2 cm), lymph node metastasis (negative vs.
positive), and VAMP8 protein expression (low vs. high) were
identified as statistically significant independent factors (p=
0.023, p=0.001, and p=10.036, respectively).

Prognostic value of VAMPS8 for survival

To further explore the role of VAMPS in BC patient survival,
we performed univariate Cox regression analysis after Kaplan-
Meier analysis. As shown in Table 5, there were significant
differences in recurrence-free survival (RFS) and overall sur-
vival (OS) between patients with high and low expression of
VAMPS. Moreover, BC patients were stratified into groups
based on VAMPS expression, and differences in prognosis be-
tween the groups were examined. Higher VAMP8 expression
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Figure 2. Kaplan-Meier analysis by vesicle-associated membrane protein 8 (VAMP8) expression in 112 breast cancer patients. (A) Recurrence-free

survival. (B) Overall survival.

Table 6. Prognostic performance of clinical parameters in the multivari-
ate Cox regression analysis

Parameter Hazard ratio (95% Cl)  p-value
oS
VAMPS expression (low vs. high) 3.205 (1.279-8.037) 0.013
LN metastasis (negative vs. positive)  2.575 (1.084-6.120) 0.032
RFS
VAMPS8 expression (low vs. high) 3.580 (1.427-8.981) 0.007
LN metastasis (negative vs. positive) ~ 2.860 (1.208-6.774) 0.017

Cl=confidence interval; OS=overall survival; VAMP8 = vesicle-associated
membrane protein 8; LN =lymph node; RFS =recurrence-free survival.

indicated earlier tumor recurrence (p<0.001) and lower OS
(p<0.001) (Figure 2). Large tumor size (>5 cm) and the pres-
ence of lymph node metastasis or level II lymph node metas-
tasis were also associated with lower cumulative RES and OS,
consistent with the results of previous studies (Table 5).

In Kaplan-Meier analysis, four clinical characteristics were
considered to be potential risk factors for BC patient survival,
namely, VAMP8 expression, tumor size, lymph node metasta-
sis and level II lymph node metastasis. Hence, we subjected
these parameters to multivariate Cox proportional hazard re-
gression analysis. As summarized in Table 6, high VAMP8 ex-
pression and the presence of lymph node metastasis were sig-
nificantly associated with lower OS and RFS and were thus in-
dependent adverse prognostic factors in patients with BC.

DISCUSSION

BC is the second-highest cause of cancer-related mortality
[8], and more than 90% of deaths in BC patients are caused by
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metastasis or recurrence [9-11]. One of the mechanisms by
which BC development could be controlled is autophagy,
both as a tumor-suppressive process in early stages of progres-
sion and as a protumorigenic process, critical for tumor main-
tenance and therapeutic resistance during later stages [12,13].
Despite the substantial advancement in our understanding of
the role of autophagy in BC [6], the process remains incom-
pletely understood and warrants further clarification. This
study revealed the utility of VAMP8 expression in predicting
recurrence and progression in BC patients after modified rad-
ical mastectomy, suggesting that better understanding of au-
tophagic mechanisms may help us establish better systems for
predicting prognosis in patients with BC.

Autophagy has been shown to impact recurrence and sur-
vival in multiple ways. Chemotherapy resistance is a serious
problem that puzzles researchers and threatens patient surviv-
al. Autophagy can enhance chemotherapy resistance through
various pathways such as heat shock factor 1/autophagy-relat-
ed protein 7 [14,15] and reactive oxygen species/extracellular
signal-regulated kinase (ROS/ERK) [16,17], which reduces
the effect of chemotherapy and increases the recurrence rate,
thereby affecting OS. Autophagy can also reduce anoikis [18],
a form of cell death that results from the loss of cell contact
with the extracellular matrix or neighboring cells. Cancer cells
that acquire resistance to anoikis are more likely to survive af-
ter detachment from the primary tumor and disseminate
throughout the body [18]. Accordingly, autophagy has been
shown to increase the metastatic ability of tumor cells, thereby
affecting disease prognosis [12]. One study reported that au-
tophagy can protect tumor cells from apoptosis or necrosis by
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providing the cells with nutrients under conditions of cellular
stress [19]. This interdependence of autophagy and apoptosis
also affects prognosis [20]. Therefore, we hypothesized that
VAMPS, as a member of the SNARE family, plays an impor-
tant role by regulating autophagy and apoptosis in BC and is
thus involved in progression.

It is well known that the fusion of autophagosomes with ly-
sosomes is key for the degradation of autophagosomes and
their contents during autophagy [21]. However, the current
studies examining autophagy are all aimed at better under-
standing early regulatory events, and few studies have focused
on the late phases of autophagy. Multiple members of the
SNARE family, including VAMP7, VAMPS, and vesicle trans-
port through interaction with t-SNAREs homolog 1B, can af-
fect the fusion of autophagosomes with lysosomes [22].
VAMPS8 has been reported to have an indispensable role in
many cellular processes [23-25]. Chen et al. [7] found that
VAMPS8 could activate autophagy and was responsible for
drug resistance via autophagy and that VAMP8 depletion led
to a marked increase in the numbers of cell in the G0/G1
phase. It is well known that ERK2 promotes the migration of
tumor cells by inhibiting the expression of ras-related protein
Rab-17 (RAB17) and liprinb2, and that the tumor suppressor
gene RAB17 plays a role in antitumor invasion by interacting
with VAMPS [26,27]. VAMPS is overexpressed in BC, but the
expression of VAMPS is higher in ductal carcinoma in situ
than in invasive ductal carcinoma [27]. Interestingly, we found
that, higher VAMPS8 expression was associated with a relative-
ly higher recurrence risk and lower REFS and OS. Thus,
VAMP8 may play a dual role in BC, but its mechanism of ac-
tion remains unclear.

Here, we examined VAMPS expression using immunohis-
tochemistry. High expression of VAMP8 was markedly corre-
lated with tumor size, lymph node metastasis and recurrence,
which has not been previously reported. It has been reported
that the expression of VAMPS is significantly associated with
increased OS and reduced risk of disease progression and that
expression of VAMPS is an independent factor for favorable
pathology and survival outcomes [27]. However, in this study,
we obtained conflicting results, and a previous study also
found that VAMPS expression was correlated with unfavorable
prognostic indicators, reduced OS and RFS, and high rates of
tumor recurrence in glioblastoma multiforme [7]. Notably, bi-
ases involving selection criteria, tissue preservation, determi-
nation of cutoff value for VAMP8 expression, racial differenc-
es, and regional differences, among others, may lead to errors
in analyses; however, our results also indicate that VAMPS8
might play a dual role in BC and thus warrants in-depth study.
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