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Introduction

Cancer stem cells (CSCs) may serve as the unit of selection 
in the genetic evolution of tumors; however, CSCs are 
known to be genetically unstable, generating multiple 
clones consisting of genetically altered cells and their 
differentiated progeny. Cancer cells display a remarkable 
degree of phenotypic plasticity, and there is evidence that 
more differentiated tumor cells may acquire stem cell 
properties through a dedifferentiation process, which has 
significant clinical implications (1). 

I t  i s  n o w  w i d e l y  a c c e p t e d  t h a t  t h e  t u m o r 
microenvironment is a pathologically active niche that 
shapes the tumor's nature, evolution, and response 
to treatment. Close interactions between cancer cells 
and the stroma are known to regulate several cancer 
pathways; thus, the determination of different tumor-
stromal interactions could be an important step in 
invasiveness. The breast cancer microenvironment is a 
complex combination of several different cell types and 
molecules, and is a key contributor to tumor development 
and progression. The microenvironment includes 
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fibroblasts, macrophages, immune cells, tumor-infiltrating 
lymphocytes, endothelial cells, and angiogenic vascular 
cells, whereas stroma cells surround and directly interact 
with tumor cells. 

Recent work has shone new light on the role of the 
niche, such as stromal cells, for epithelial organ maintenance 
and regeneration through the simultaneous production of 
proliferative and differentiative cues. Thus, previous CSC 
model which means cancer progression involves gradual 
loss of a differentiated phenotype and acquisition of stem-
cell-like features should perhaps be expanded to include the 
possibility that niche cells also contribute factors required for 
CSC differentiation, progression and treatment failure (2).  
Indeed, several studies have identified a clear role for 
the stroma, which includes the niche cells for several 
populations of epithelial stem cells, in the restraint of 
epithelial cancer growth and progression in multiple organs, 
including the bladder, pancreas, colon, and prostate (3-5).  
Since cancer cells already have proliferation-promoting 
genetic lesions, thereby obviating the need for stromally 
secreted proliferative signals, the stromal niche-derived 
differentiation signals are less well defined but may play a 
critical role in restraining cancer growth and progression 
(3-5).

Aldehyde dehydrogenase 1 (ALDH-1) is a major enzyme 
involved in the synthesis of retinoic acid (7), which shows 
antiproliferative activity on breast cancer cells (6,7). The 
expression of ALDH-1 in the breast is not restricted to 
the epithelial cells, and has also been noted in stromal 
fibroblasts (8-11). Resetkova et al. (11,12) analyzed the 
stromal ALDH-1 expression in two independent triple-
negative cohorts, and found that high stromal ALDH-1 
expression was significantly associated with better disease-
free survival (DFS) with a trend for longer overall survival 
(OS) with a median of 67 months. Using different markers, 
Farmer et al. (13) showed that in patients with breast cancer 
who received adjuvant chemotherapy, higher expression 
of the stromal metagene (ESR1, CLCA2, DCN, GZMA, 
CD83, FABP4, TPX2, MX1, and ADM) was associated 
with significantly shorter relapse-free survival times. These 
studies thus support the hypothesis of a strong influence 
of the stromal content on resistance to chemotherapy. 
Similarly, Louhichi et al. (14) found that CD10 expression 
by stromal cells, but not neoplastic cells, correlated 
significantly with the expression of the CSC markers 
CD44+/ALDH-1+, supporting a role of stromal CD10 
expression in breast cancer progression and dissemination, 

and suggesting a relationship with CSCs.
ALDH-1 has a functional role in stem cell differentiation, 

and measurement of ALDH-1 enzymatic activity has been 
shown to distinguish benign and malignant stem cells 
in breast cancer and other neoplasms, including human 
hematopoietic malignancies. Moreover, expression of 
ALDH-1 in the cytoplasm of cancer cells is associated with 
a poor clinical outcome and increased breast cancer risk in 
normal breast tissues. Kunju et al. (9) reported that ALDH-1  
was expressed in both epithelial and stromal cells in benign 
breast tissues, and that ALDH-1 positivity in both cell 
types is associated with an increased risk of breast cancer. 
In contrast, Isofoss et al. (15) demonstrated that the absence 
of ALDH-1-positive cells in the benign mammary stroma 
was associated with increased risk factors for breast cancer. 
However, the clinical significance of ALDH-1 in breast 
cancer has rarely been evaluated. 

In this study, we analyzed ALDH-1 expression in both 
the epithelial cells and stromal cells of tissue specimens 
obtained from patients with operable early breast cancer to 
support the clinical evidence of stromal ALDH-1 expression 
in playing a protective role against early breast cancer 
recurrence.

Methods

Patients and data collection

The collection of breast cancer patient data and tissues 
was performed according to the guidelines of the Inje 
biobank. All participating patients signed informed 
consent forms approved by the responsive authority before 
removal of primary tumors. Data from 188 patients who 
underwent surgery for breast cancer between October 
2013 and February 2014 at Haeundae paik Hospital 
were retrospectively reviewed. Patients who underwent 
neoadjuvant chemotherapy, diagnosed with ipsilateral breast 
tumor recurrence, or underwent excisional biopsy at another 
institute were excluded from the study. After the first 
exclusion, a total of 180 cases were included for analysis. 
We then further excluded patients who were undertreated 
owing to older age, side effects of adjuvant treatment, and 
personal phobia of adjuvant treatment, resulting in a total 
of 168 cases included for assessment of survival outcomes. 
This study was approved by the Institutional Review Board 
of Haeundae-Paik Hospital, Inje University (IRB number: 
Haeundae-paik 2013-60) and was conducted in accordance 
with the Declaration of Helsinki. 
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Immunohistochemistry of ALDH-1 in stromal and 
epithelial cells

ALDH-1 antibody (1:100 dilution; clone 44/ALDH, BD 
Biosciences, San Jose, CA, USA) was used for ALDH-1 
immunostaining. Staining was performed using the Ventana 
Ultraview Universal DAB kit (Ventana Medical System, 
Inc, Tucson, AZ, USA) according to the manufacturer’s 
protocols. Cytoplasmic staining of cancer cells was 
considered to reflect an ALDH-1 (+) status. A positive 
control for the specificity of ALDH-1 staining was carried 
out with paraffin sections of normal hepatic tissue, which 
shows diffuse strong cytoplasmic expression. To evaluate 
the relevance of ALDH-1 expression in epithelial tumor 
and stromal cells, these components were evaluated in 
both whole tumor sections and in large core (1 mm) tissue 
microarrays of all primary breast cancers (Figure 1).

Immunohistochemistry scoring

All cases were independently reviewed and scored by a 
single pathologist (WGK) who was blinded to the clinical 
diagnosis. To compare the present results with previous 
studies reporting a large series of invasive ductal carcinoma 
cases, expression levels of ALDH-1 in both the stroma 
and epithelium of the breast were evaluated and scored 
as previously described (16,17). Staining of ALDH-1  
was classified as 4+ (75–100% positive tumor cells),  
3+ (75–50%), 2+ (10–50%), 1+ (1–10%), and 0 (0%) in both 
epithelial tumor cells and stromal cells. For subsequent 
analyses, any epithelial tumor cells with positive staining 
was considered to have ALDH-1 (+) expression (16,18). 

Statistical analysis

Statist ical  analyses were performed to assess  the 
relationships between clinical variables and the expression 
of ALDH-1 in both epithelial tumor and stromal cells. 
Differences between categorical variables were evaluated 
using standard chi-squared tests or McNemar tests. The 
log-rank (Mantel-Cox) test was used to determine the 
effect of stromal or epithelial expression of ALDH-1 
on DFS (recurrence or death due to breast cancer) and 
OS (death from any cause). Values are expressed as the  
mean ± standard deviation. All analyses were performed 
using SAS (version 9.4, SAS, Inc., Cary, NC), and P values 
less than 0.05 were considered to be statistically significant.

Results

ALDH-1 expression is more frequent in epithelial tumor 
cells and correlated with stromal cell expression 

Positive stromal ALDH-1 expression was detected in 94.4% 
(169/179) of the 180 patients, whereas epithelial ALDH-1  
expression was only detected in 38.2% of these patients 
(Table 1). Epithelial ALDH-1 expression was significantly 
associated with a negative estrogen receptor status, 
younger patients, high Ki-67 expression, and specific 
breast cancer subtype (P=0.001; Tables 2 and 3). No 
correlation between stromal expression of ALDH-1 and 
any of the clinicopathologic factors was detected (Table 2). 
Moreover, epithelial ALDH-1 expression of breast cancer 
was also correlated with stromal ALDH-1 expression 
(P<0.001; Table 4).

Figure 1 Immunohistochemical staining of ALDH-1 in breast cancer tumor sections. (A) This section shows ALDH-1 expression in 
peritumoral stromal cells in invasive ductal carcinoma (black arrows, magnification ×200); (B) this section shows ALDH-1 expressions in 
both tumor epithelial cells (red arrow) and stromal cells (black arrow) in the same breast cancer specimen (magnification ×400). 
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Negative stromal ALDH-1 expression was correlated with 
early recurrence of breast cancer 

The median duration of follow up in the 168 patients 
included for survival assessment was 27.8±10.2 months. 

The log-rank (Mantel-Cox) test showed that positive 
stromal ALDH-1 expression was correlated with longer OS 
(positive, 56.9±3.0 months vs. negative, 30.5±3.0 months; 
P=0.01), whereas epithelial ALDH-1 expression was 
not correlated with survival (P=0.36) (Table 5) (Figure 2).  
However, not only stromal ALDH-1 expression (positive, 
60.3±2.65 months vs.  negative, 30.4±2.46 months; 
P=0.10) but also epithelial ALDH-1 expression (positive,  
52.4±0.6 months vs. negative, 58.9±3.8 months; P=0.30) was 
not correlated with disease free survival (Table 6) (Figure 2).

Discussion

Over the past few years, experiments involving lineage 
tracing and cell ablation in intact tumors have confirmed 
that many of these tumors harbor stem cells in dedicated 
niches (19-23). In the case of the mammary gland, 
Liu et al. (24,25) showed that breast cancer stem cells 
(BCSCs) exist in a distinct mesenchymal-like (epithelial-
mesenchymal transition, EMT) and epithelial-like 
(mesenchymal-epithelial transition) state. Mesenchymal-
like BCSCs, characterized by CD44+CD24- expression, 
are primarily quiescent and localized at the tumor invasive 
front, whereas epithelial-like BCSCs that express ALDH 
are proliferative, and are located more centrally. Using 
immunohistochemistry analysis, Currie et al. (23) showed 
that CD44+/CD24- and CD133+ tumor cells were more 
common in areas of hypoxia, whereas ALDH-1+ tumor 
cells were more frequently associated with regions of high 
tumor microvascular density. This study supported the 
concept that the tumor microenvironment determines 
the phenotypic plasticity of breast cancer stem-like cells 
and has important clinical implications with respect to the 
development of therapeutic strategies aimed at cancer cells 
with stem-like properties. Expansion of the stromal cell 
population expressing ALDH-1 beyond the intralobular 
stroma has also been associated with cancer development 
(8,12,26). Taken together, these data suggest a role for 
the microenvironment in promoting tumor development 
before morphological abnormalities of carcinoma become 
evident. Moreover, these findings support the utility of 
immunohistochemistry in the evaluation of ALDH-1 as a 
putative marker of BCSCs. In addition, given that stromal 
gene expression appears to be broadly altered in breast 
cancer, it will be interesting to further examine whether 
alterations in stromal niche signaling programs may play a 
role in breast cancer development and progression (27,28).

Stem cell markers reflect adverse biomarker profiles 

Table 1 Clinicopathological features of 180 breast carcinomas 

Characteristics Categories
Number of 

patients (%)

Size of tumors (cm) Mean (cm) 2.27

SD 1.34

Range (cm) 0.2–8.0

Histologic type of tumors Ductal, in situ 7 (3.9)

Ductal, invasive 162 (90.0)

Lobular, invasive 4 (2.2)

Lobular, in situ 1 (0.6)

Etc. 6 (3.3)

Nottingham grade Grade 1 22 (12.2)

Grade 2 70 (38.9)

Grade 3 87 (48.3)

Hormone receptors

ER Negative 91 (50.6)

Positive 89 (49.4)

PR Negative 120 (66.7)

Positive 60 (33.3)

Her-2/neu Not overexpressed 131 (72.8)

Overexpressed 49 (27.2)

Stage 0 7 (3.9)

I 91 (50.6)

II 75 (41.7)

III 7 (3.9)

Lymph node status Negative 115 (63.9)

Positive 52 (28.9)

Not assessed 13 (7.2)

Stromal ALDH-1 Negative 10 (5.6)

Positive 169 (94.4)

Epithelial ALDH-1 Negative 112 (61.8)

Positive 68 (38.2)

SD, standard deviation; ER, estrogen receptor; PR, progesterone 
receptor.
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and molecular subtypes of breast cancer (29). In addition, 
the stem cell markers CD24, CD44, ALDH-1, and SOX2 
could identify different cancer cell sub-populations with 

no consistent therapeutic implication, rather than a single 
population of cells by commonly employed methods (29). 
With this method, the relationships of BCSCs with clinical 

Table 2 Correlations between expression of breast ALDH-1in both epithelium and stroma according to clinicopathologic features

Breast
Stromal ALDH-1

P
Epithelial ALDH-1

P
− + − +

Age (years) (mean ± SD) 54±10.1 52.1±10.3 0.56 53.5±10.1 50.1±10.2 0.04

T size (cm) (mean ± SD) 1.5±0.56 2.2±1.3 0.07 2.2±1.2 2.4±1.5 0.17

HG 0.17 0.07

Grade 1 3 (30.0) 19 (11.4) 17 (15.4) 5 (7.6)

Grade 2 2 (20.0) 66 (39.8) 47 (42.3) 22 (33.3)

Grade 3 5 (50.0) 81 (48.8) 47 (42.3) 39 (59.1)

ER* 0.23 <0.001

Negative 7 (70.0) 84 (50.3) 46 (41.4) 45 (68.2)

Positive 3 (30.0) 83 (49.7) 66 (59.6) 21 (31.8)

PR 0.39 0.24

Negative 8 (80.0) 112 (67.1) 72 (64.3) 48 (72.7)

Positive 2 (20.0) 55 (32.9) 40 (35.7) 18 (27.3)

Her-2/neu 0.19 0.45

Non-overexpressed 9 (90.0) 119 (71.3) 79 (70.5) 50 (75.8)

Overexpressed 1 (10.0) 48 (28.7) 33 (29.5) 16 (24.2)

Ki-67 0.84 <0.001

Negative 5 (50.0) 89 (53.3) 71 (63.4) 24 (36.3)

Positive 5 (50.0) 78 (46.7) 41 (36.6) 42 (63.6)

LN metastasis 0.51 0.69

No metastasis 8 (80.0) 107 (64.1) 73 (65.2) 42 (63.6)

Metastasis 2 (20.0) 45 (35.9) 32 (28.5) 16 (24.2)

*, McNemar test. SD, standard deviation; HG, histologic grade; ER, estrogen receptor, PR, progesterone receptor; LN, lymph node.

Table 3 Correlations between expression of ALDH-1 of both epithelium and stroma according to breast cancer subtype

Breast Luminal A Luminal B (HER2-) Luminal B (HER2+) HER2+ Basal-like Total P

Stromal ALDH-1 0.07

− 1 (10.0) 1 (10.0) 1 (10.0) 1 (10.0) 6 (60.0) 10

+ 39 (22.8) 22 (12.6) 31 (18.6) 36 (21.6) 41 (24.6) 167

Epithelial ALDH-1 0.003

− 29 (25.9) 14 (12.5) 27 (24.1) 23 (20.5) 19 (17.0) 112

+ 11 (16.7) 8 (12.1) 5 (7.6) 14 (21.2) 28 (42.4) 66
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Table 4 Correlations stromal expression of ALDH-1 and epithelial 

expression of ALDH-1 

CSC marker
Epithelium

Total P§

ALDH-1 (−) ALDH-1 (+)

Stroma <0.001

ALDH-1 (−) 9 (8.1) 1 (1.5) 10 

ALDH-1 (+) 102 (91.9) 65 (98.5) 167

Total 111 66 177
§, McNemar test. CSC, cancer stem cell;

Table 5 Mean overall survival according to expression of CSC 

marker between stromal and epithelial tissue 

CSC marker
Mean 

survival time
SD 95% CI P

Stromal ALDH-1 0.01

Negative 30.5 2.3 25.8, 35.1

Positive 56.9 3.0 50.9, 62.9

Total 56.6 3.0 50.6, 62.7

Epithelial ALDH-1 0.36

Negative 55.1 4.0 47.0, 63.0

Positive 56.0 0 56.0, 56.0

Total 56.7 3.1 50.6, 62.7

Figure 2 Disease-free survival (DFS) according to (A) stromal ALDH-1 expression and (B) epithelial ALDH-1 expression. Overall survival 
(OS) according to (C) stromal ALDH-1 expression and (D) epithelial ALDH-1 expression. Blue lines show patients with negative ALDH-1 
expression and green lines show patients with positive ALDH-1 expression.
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parameters will require identification of specific markers or 
panels for the individual cancer type. However, there is a 
limitation of this approach with regards to cancer plasticity 
and heterogeneity. Moreover, the results of context-based 
studies and new study models should be considered to 
best illustrate a corresponsive principle on the relationship 
between stroma and epithelial tumor cells in bulk tumors. 
Malta et al. (30) suggested adopting a connectivity map, 
which is a data-driven, systematic approach for discovering 
associations among genes, chemicals, and biological 
conditions associated with stemness in more than 10 cancer 
types. However, they did not consider the property of 
stromal stemness in these cancer types. 

In conclusion, although we found that epithelial ALDH-1  
expression was associated with poor prognostic factors, it 
was not directly correlated with early clinical outcomes. 
This study has several limitations, including the short 
observation period and small sample size. It is possible that 
longer-term observation would result in similar OS rates 
between the groups with positive and negative epithelial 
tumor cell ALDH-1 expression. Despite these limitations, 
our findings suggest that stromal ALDH-1 breast cancers 
could be correlated with a good prognosis and longer OS. 
After standard adjuvant treatment, stromal stemness may 
act as a brake against early treatment failure; however, more 
in-depth investigation is needed to confirm the value of 
ALDH-1 as a candidate prognostic marker. In addition, 
stromal cells are composed of several cell types, including 
mast cells, fibroblasts, and immune cells, and thus further 
studies are needed to develop methods for identifying the 
specific stromal cell types.
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