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INTRODUCTION

Metastasis is a landmark event for the breast cancer pa-
tients, which transforms a local neoplasm into a systemic, 
metastatic, and life-threatening disease. According to a report 
by the American Cancer Society, the 5-year relative survival 
rate for women with breast cancer decreases from 99% when 
diagnosed with only a localized tumor to 23% when diag-
nosed with distant metastasis [1]. Identification of metastasis 

protein biomarkers at an early stage can help to identify pa-
tients at high risk for metastasis, enhancing personalized 
therapy and increasing quality of life for tumor survivors. 
Previously, we identified aldehyde dehydrogenase (ALDH) 
1A3, ALDH+/CD44+, and epithelial cell adhesion molecule 
(EpCAM)–/CD49f+ as prognostic biomarkers for breast cancer 
[2,3]. Although these markers are helpful for prognosis and 
treatment purposes, quality controls for dual immunohisto-
chemistry (IHC) do not always meet clinical requirements.

Since metastasis and local recurrence are crucially impor-
tant during breast cancer treatment, different testing tech-
niques are used for prognosis and treatment purposes, includ-
ing Oncotype DX® (based on the expression of 21 genes), 
MammaPrint (based on the expression of 70 genes), and the 
molecular subtyping system (based on progesterone receptor 
[PR]/estrogen receptor [ER]/human epidermal growth factor 
receptor 2 [HER2] expression), among others [4-8]. All of the 
above systems detect abnormal gene expression, and most 
target treatments are based on blocking specific abnormally 
activated genes or signal pathways, such as trastuzumab for 
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HER2-positive breast cancers. However, there are always 
compensatory signaling pathways on standby, and once a cer-
tain signal is blocked, alternative pathways will become acti-
vated under selection pressure, ultimately leading to treatment 
resistance [9,10]. Therefore, rather than screening for driver 
genes in tumors, we are more interested in searching for the 
cellular origins of metastasis and local recurrence.

Different models have been proposed to illustrate the dy-
namic process of how a localized tumor invades adjacent and 
distant tissues. One of the most well-known theories is the 
breast cancer stem cell (BCSC) theory. Intratumoral hetero-
geneity in breast cancer is well documented and widely accept-
ed, and many researchers believe that the apparently hetero-
geneous populations of tumor cells are not in fact disorgan-
ized, but instead represent a well-organized hierarchy. Because 
BCSCs are normally dormant within the tumor and show 
resistance to chemotherapy, radiation therapy, and cytotoxins, 
identifying biomarkers for BCSCs and breast epithelial stem 
cells will be useful resources for studying local recurrence and 
metastasis in patients with poor clinical outcomes [11].

Because multiple markers are included in panels for identi-
fying BCSCs, it can be difficult to apply such methods to rou-
tine surgical biopsy workup. Previously, Abraham et al. [11] 
used dual CD44+/CD24– IHC staining to label BCSCs and 
found that the prevalence of CD44+/CD24– tumor cells in 
breast cancer is correlated with distant metastasis. However, 
such techniques are not applicable for routine usage because 
of the complicated staining procedure and scoring criteria, as 
well as quality control issues. 

Recently, Lim et al. [12] reported that the EpCAMlow/
CD49f+ subset of cells shows mammary regeneration capacity 
based on transplantation studies in NOD-SCID mice. In par-
ticular, they showed that while the EpCAMlow/CD49f+ sub-
population was enriched for mammary stem cell (MaSC) (bi-
potent) progenitors, the EpCAM+/CD49f+ subpopulation was 
enriched for luminal progenitors [12]. Therefore, CD49f+ cells 
share certain phenotypic similarities with adult tissue stem 
cells/progenitors. We propose that by simply identifying 
CD49f+ cells in breast cancer tissue samples, we can identify 
high-risk metastasis patients at very early stages of diagnosis, 
which will positively contribute to personalized therapy and 
increase quality of life for breast cancer survivors.

METHODS

Patients and sample preparation
We studied 312 breast tumor tissues from a cohort of 456 

patients diagnosed with breast cancer who had the tumor re-
moved at West China Hospital between 2006 and 2009. Dis-

ease-free survival (DFS) and overall survival (OS) were de-
fined as the time between the initial surgery and local or dis-
tant metastatic relapse, and between surgery and death, re-
spectively. We prepared tissue microarray (TMA) cores (1.5-
mm diameter) from formalin-fixed paraffin-embedded sam-
ples. Two cores from every individual tumor were tested on 
the arrays. IHC staining was performed on all of the TMA 
slides and the results were interpreted by two pathologists us-
ing a blinded method. In cases of disagreement, they dis-
cussed it until they reached an agreement. Then, the mean 
score of the two cores was taken as the final score. Approval 
for this study was granted by the Ethics Committee of West 
China Hospital (IRB number: 2013-191).

Immunohistochemical staining
The procedure for IHC staining was performed as previ-

ously reported [2]. Antibody detection of CD49f (TA506627, 
1:150; OriGene, Rockville, USA) was performed using an au-
tomated staining machine according to the manufacturer’s in-
structions. CD49f antibodies were detected with diaminoben-
zidine (DAB). 

Tumor tissue histological analysis
Hematoxylin and eosin stained slides and IHC slides were 

assessed by pathologists at West China Hospital. The patholo-
gists conducted standard pathological tumor assessments, and 
the identities of the patients were unknown to the pathologists 
in all subsequent studies. The expression levels of epidermal 
growth factor receptor, cytokeratin 5/6, ER, PR, and HER2 
were obtained from the pathology reports. HER2 staining was 
analyzed according to the American Society of Clinical On-
cology guidelines. When the expression percentage of ER or 
PR was above 1%, we defined the case as “positive” [13].

To accurately qualify the number of target tumor cells in 

456 IDC patients were 
enrolled in this study

Exclusion:
53 Without follow-up information
23 With nonprimary tumor samples
61 Patients with clinical stage I and IV

Exclusion:
7 Failed in testing for insufficient tissue

319 Patients with tumor 
samples for IHC staining

312 Patients with tumor 
samples for IHC staining

Figure 1. Flowchart showing the inclusion criteria used in this study.
IDC= invasive ductal carcinoma; IHC= immunohistochemistry.
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this tissue micro-array sample, the entire area of each tissue 
was counted. The scoring rules were as follows: 0, 0% positive 
tumor cells; 1, 1% to 10% positive cells; 2, 11% to 50% positive 
cells; 3, 51% to 75% positive cells; and 4, 76% to 100% positive 
cells. CD49f staining was detected mainly in the cytoplasm, 
and scoring was performed as described for CD24 [14]. 

Statistical analysis
Associations between the presence of CD49f+ and clinical 

variables as well as breast cancer subgroups were assessed us-
ing t-tests. The Kaplan-Meier method was used to estimate 
DFS and OS, and the log-rank test was used to compare sur-
vival between two strata. All tests were two-sided, and p< 0.05 
was considered as statistically significant. Multivariate survival 
analysis was performed using the Cox proportional hazard 
model. All statistical analyses were performed using the SPSS 
version 16.0 software program (SPSS Inc., Chicago, USA).

RESULTS

Baseline clinical characteristics 
From the total group of 456 patients, 53 samples lacked fol-

low-up information, 23 did not have primary tumor samples, 
and 61 patients were in clinical stage I and IV, yielding 319 
samples that were processed for IHC staining. Finally, 312 
samples passed the TMA slide quality assessment for IHC 
staining (Figure 1). All qualified patients (n= 312) were wom-
en, ranging in age from 27 to 77 years (49.25± 9.85 years). All 
patients (312/312, 100%) were diagnosed with invasive ductal 

Table 1. Baseline clinical characteristics

Characteristic No. (%)
DFS OS

Log-rank p-value Log-rank p-value

Age (yr) 2.538 0.111 1.057 0.304
   <45 108 (34.6)
   ≥45 204 (65.4)
Grade 3.117 0.077 16.952 <0.001
   I/II 104 (33.4)
   III 208 (66.6)
Tumor size (cm)         1.731 0.188 12,481 <0.001
   ≤5 260 (83.3)
   >5 52 (16.7)
Nodal status 3.456  0.063 6.602 0.010
   N0 91 (39.1)
   N1–3 221 (60.9)
Clinical stage 14.841 <0.001 30.596 <0.001
   II 194 (62.2)
   III 118 (37.8)
ER status 0.089 0.765 5.074 0.024
   ER positive 207 (66.3)
   ER negative 105 (33.7)
PR status 4.609 0.030 9.010 0.003
   PR positive 208 (66.7)
   PR negative 104 (33.3)
HER2 status 0.605 0.772 2,532 0.281
   0/1+ 221 (70.8)
   2+ 56 (17.9)
   3+ 35 (11.3)
CD49 5.107 0.024 1.099 0. 295
   Positive 116 (37.2)
   Negative 196 (62.8)

DFS =disease-free survival; OS =overall survival; ER =estrogen receptor; 
PR=progesterone receptor;  HER2=human epithelial growth factor receptor 2.

Figure 2. Immunohistochemistry staining on tissue microarray (TMA) slides. Immunohistochem-
istry staining with primary antibodies against CD49f for all formalin-fixed paraffin-embedded 
TMA tissues was performed. The prevalence of CD49f positive cells was clearly different for in-
ter- and intra-tumors. To quantify the prevalence of CD49f positive cells, we scored all tumors as 
either 0 (0% positive cells) (A), 1 (1%–10% positive cells) (B), 3 (51%–75% positive cells) (C), and 
4 score (76%–100% positive cells) (D) (×200). 

A

D

B C
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Figure 3. Prevalence of CD49f+ and histopathological characteristics. Analysis of 312 breast cancer patient tumor samples stained for CD49f and 
stratified for tumor age (A), WHO grade (low=grade 1 and 2, high=grade 3) (B), node status (C), tumor size (D), HER2 status (E), ER expression (F), 
distant metastasis (G), local recurrence (H), and disease recurrence (I). Tumors containing CD49f+ cells were associated with disease recurrence (dis-
tant metastasis or/and recurrence) (p=0.009). 
WHO=World Health Organization; HER2=human epidermal growth factor receptor 2; ER=estrogen receptor.
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carcinoma at clinical stage II or III. We performed a Kaplan-
Meier analysis and used the log-rank test to determine the ef-
fect of clinicopathological characteristics on prognosis. As ex-
pected, World Health Organization (WHO) grade (OS, 
p< 0.001), tumor size (OS, p< 0.001), node status (OS, p<  

0.010), clinical stage (DFS, p< 0.001; OS, p< 0.001), PR status 
(DFS, p= 0.030; OS, p= 0.003), and presence of CD49f (DFS, 
p= 0.024) were significantly correlated with a poor clinical 
outcome (Table 1).
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Prevalence of CD49f+ tumor cells in breast tumors
We performed IHC staining on the TMA tissues, and 

CD49f+ was mainly present in the cytoplasm and at the cell 
membrane of tumor cells. The percentage of CD49f+ cells 
throughout the tumor was quite different for inter- and intra-
tumors (Figure 2). As expected, the majority of tumors 
(197/312, 62.8%) contained no CD49f+ cells, whereas a mi-
nority of tumors contained CD49f+ cells at various frequen-
cies. To better illustrate the distribution of CD49f+ cells in the 
tumors, we scored the tumors based on the percentage of 
CD49f+ cells relative to total cells, as previously reported [2].

Association of CD49f+ cells with clinical characteristics
To better understand the clinical significance of CD49f+ 

cells in tumors, we analyzed the association between CD49 
positive tumors and clinical outcomes stratified by tumor his-
topathological characteristics, including age, WHO grade, 
nodal status, tumor size, HER2 status, ER status, distant me-
tastasis, local recurrence, and recurrence (distant metastasis 

or/and local recurrence) after initial surgery, using t-tests. In 
this study, although no significant associations were identified 
between CD49f positivity in the tumors and most clinic char-
acteristics (Figure 3A-H), we observe correlations between 
CD49f+ and disease recurrence (Figure 3I).

Presence of CD49f+ cells within tumors is indicative of a poor 
prognosis

Since the presence of CD49f+ tumors was associated with 
disease recurrence, we analyzed the connection between this 
marker and patient survival using univariate survival analysis. 
First, we analyzed all of the patients (n= 312) for DFS and OS. 
As shown in Figure 4A, patients bearing tumors with CD49f+ 
cells had shorter DFS after initial surgery (p= 0.024). For ex-
ample, 5 years after initial surgery, there was a nearly 20% DFS 
difference between the CD49 negative and positive groups 
(Figure 4A). However, no significant difference was observed 
in the OS analysis (p= 0.235) (Figure 4B). To correct for treat-
ment bias, we further excluded patients who did not receive 

Figure 4. Univariate survival analysis of CD49f+ with disease-free survival (DFS) and overall survival (OS) for total and chemotherapy-treated patients. 
Univariate survival analysis of CD49f+ cells with DFS and OS for total (A, B) and chemotherapy-treated patients (C, D). The presence of CD49f+ tumor 
cells had a significant negative association with DFS in both the total patient (A) and the chemotherapy-treated patient (C) groups. The present of 
CD49f+ tumor cells had no significant association with OS in the total patient (B) or the chemotherapy-treated patient (D) groups. 
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chemotherapy (18 patients). For the rest of the 294 patients, 
we also found that tumors with CD49f+ cells were negatively 
associated with DFS (p= 0.044) (Figure 4C). Again, we did 
not find any significant difference in the OS analysis (p =  
0.283) (Figure 4D).

To further confirm the previous results, we conducted a 
multivariate analysis using a Cox proportional hazard model. 
Prevalence of CD49f+ cells, age, WHO grade, tumor size, 
nodal status, ER, PR, and HER2 were included as covariates 
in the DFS and OS analysis. The analysis confirmed that 
CD49f+ cells in tumors are strong prognostic indicators for 
DFS (hazard ratio, 1.800; 95% confidence interval, 1.101–
2.941; p= 0.019). As expected, age and PR status were also 
found to be prognostic factors for DFS. WHO grade, tumor 
size, nodal status, PR, and HER2 were prognostic factors for 
OS (Table 2).

DISCUSSION

Our work suggests that mammary epithelial progenitors/
stem cell-like cells can be used as biomarkers for prognostic 
purposes. By staining for CD49f+ cells in breast cancer tissues, 
we can differentiate patients who have a higher probability of 

distant metastasis and local recurrence that will lead to worse 
clinical outcomes. This simple strategy could potentially be 
used for prognosis and treatment decision purposes during 
conventional surgical pathology work.

In breast cancer, it is not initial tumor formation but rather 
metastasis and local recurrence that are the main causes of 
treatment failure and death [15]. Therefore, it is necessary to 
identify tumors with a high probability of distant metastasis 
and local recurrence to achieve personalized healthcare and 
develop more effective therapies. Numerous genes and steps 
have been identified as being involved in the process of distant 
metastasis. Briefly, in the initial step, signaling pathways that 
regulate cytoskeletal dynamics and the formation of cell-cell 
junctions are turned on in tumor cells, resulting in the migra-
tion of “activated tumor cells” into adjacent tissues [16]. After 
invading the adjacent tissues, the disseminated activated tu-
mor cells may interact with blood or lymph vessels, penetrat-
ing the basement membrane and endothelial walls and enter-
ing the blood or lymph circulatory systems [17,18]. Under 
certain conditions, the circulating tumor cells attach to distant 
organs and proliferate to form another tumor at the distant 
site, leading to metastasis [19]. Then, the newly formed tumor 
on the distant organ also begins to proliferate, invading adja-

Figure 5. Identification of breast cancer stem cells (BCSCs) for treatment significance. (A) Although regular treatment involving bulk tumor excision 
can remove most of the tumor cells, BCSCs remain behind after treatment. These residual cells are the cellular source of recurrence and distant me-
tastasis. (B) Targeting BCSCs along with conventional treatment of normal tumor cells may completely eradicate tumor cells in the patient. 

BA

Traditional 
therapy Therapy

resistance

Relapse or metastasis

BCSCs

Traditional 
therapy

Targeting
BCSCs

Table 2. Multivariate Cox analysis of the histopathologic characteristics with CD49f+ cells

DFS OS

HR (95% CI) p-value HR (95% CI) p-value

CD49f+ vs. CD49f– 1.800 (1.101–2.941)  0.019 1.398 (0.805–2.427)  0.234
Age ≥45 yr vs. <45 yr 0.568 (0.344–0.939)  0.027 0.611 (0.349–1.069)  0.084

Grade III vs. I/II 0.679 (0.946–2.981)  0.077  5.573 (2.174–14.286) <0.001

Tumor size >5 cm vs. ≤5 cm 1.556 (0.853–2.839)  0.150 2.923 (1.639–5.215) <0.001

N1–3 vs. N0 1.727 (0.950–3.138)  0.073 2.859 (1.323–6.176)  0.008

ER positive vs. ER negative 1.540 (0.828–2.870)  0.174    0.956 (0.507–1.801)  0.889

PR positive vs. PR negative 0.453 (0.254–0.610)  0.008  0.462 (0.246–0.866)  0.016

HER2 2+ vs. HER2 0–1+ 0.783 (0.363–1.688)  0.533 0.652 (0.270–1.574)  0.341
HER2 3+ vs. HER2 0–1+ 0.709 (0.307–1.640)  0.421 0.219 (0.065–0.724)  0.014

DFS=disease-free survival; OS=overall survival; HR=hazard ratio; CI=confidence interval; ER=estrogen receptor; PR=progesterone receptor; HER2=human 
epidermal growth factor receptor 2.
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cent tissues, entering the blood or lymph, eventually leading 
to a second distant metastasis [18,20].  

Instead of screening for driver genes for tumor distant me-
tastasis and local recurrence, we are more interested in search-
ing for the cell sources that actively engage in dissemination, 
or in other words, we want to find the “activated tumor cells” 
that interact with blood vessels and lymph vessels. Since these 
“activated tumor cells” need to dedifferentiate and then differ-
entiate into a mesenchymal state (epithelial–mesenchymal 
transition), we want to determine whether tumor cells with 
stem cell/progenitor-like properties are the cell source for dis-
tant metastasis and local recurrence. 

It is well known that breast tumors are highly heteroge-
neous, with many different types of tumor cells [11]. However, 
some believe that rather than being simply a chaotic collection 
of cells, a specific cell subgroup has the ability to recapitulate 
the entire tumor, leading to tumor recurrence, contributing to 
tumor heterogeneity, resisting chemotherapy and radiation 
therapy, and excluding intracellular toxins, sharing many phe-
notypic similarities with adult tissue stem cells [21-24]. 

Because BCSCs can also promote the epithelial–mesenchy-
mal transition [25], including downregulation of E-cadherin 
and cell-cell junctions [18], BCSCs are widely accepted as one 
of the cell types that contribute to distant metastasis. There are 
two models for BCSC action: (1) malignant cells accumulate 
mutations and acquire a BCSC phenotype through clonal 
evolution, or (2) cancer arises in normal MaSCs [26]. In the 
first model, cancer cells are believed to spread to other organs 
during the late stage of cancer. In contrast, in the latter model, 
metastasis can happen at very early stages, and it may be pos-
sible to predict the possibility of distant metastasis after initial 
mastectomy by identifying BCSCs in the tumor. 

During regular surgical treatment, excision of the bulk tumor 
can remove or kill most of the tumor cells; however, BCSCs can 
remain after treatment, acting as a cell source for local recur-
rence and distant metastasis (Figure 5A). In contrast, targeting 
BCSCs during treatment in combination with regular treat-
ment may lead to the complete eradication of tumor cells in 
the patient’s body (Figure 5B). 

CD49f (integrin α6) has been shown to play essential roles 
in development, cell differentiation, and cell fate determina-
tion, and it is involved in cell migration, adhesion, survival, 
polarity, growth, and death [27,28]. In breast cancer, CD49f is 
reportedly involved in certain stem cell-like activities, such as 
CD29- and CD49f-mediated metastasis, and CD44 and 
CD49f positive cells mediate stem cell properties in basal-like 
breast cancer [29]. As the EpCAMlow/CD49f+ subpopulation 
is enriched for MaSC (bipotent) progenitors, whereas the 
EpCAM+/CD49f+ subpopulation is enriched for luminal pro-

genitors [12], we proposed that CD49f+ cells in breast cancer 
tumors may possess certain stem cell/progenitor cell-like 
properties, making them useful as potential prognostic bio-
markers. Our results indicated that by simply labeling CD49f 
positive cells in a tumor, we could easily identify patients at 
high risk of distant metastasis, local recurrence, and poor 
clinical outcome. When performed after the initial surgery, 
this strategy may help us to better predict the disease out-
come, leading to more personalized treatment. 

Because tumorigenesis involves many complex biological 
mechanisms, a single cell-based labeling tool may not be suf-
ficient to identify all cells with tumorigenic potential. There-
fore, further studies should focus on analyzing other BCSC 
markers for clinical significance and to determine their func-
tional mechanisms. 

In conclusion, breast cancers with high numbers of CD49f+ 
cancer cells were associated with an increased risk of disease 
recurrence after initial surgery and with a poor clinical out-
come (decreased DFS). This detection strategy is a potentially 
useful tool for prognosis and treatment purposes during con-
ventional surgical pathology work.
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