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Abstract: The specific mechanism underlying the role of putative stem cell marker aldehyde dehydrogenase 1
(ALDH1) playing in development and progression of breast cancer is currently unclear. Transforming growth factor 3
(TGFB) signaling pathway is reported to be activated in most cancers. Thus a study was initiated to explore possible
differences and correlation of ALDH1 and TGFB2 expression in the most common malignant and benign tumors
of the breast in Chinese women. Samples of 75 breast cancer tissues, 30 paracancerous normal tissues, and 39
fibroadenoma breast tissues were investigated for the expression of ALDH1 and TGFB2 using immunohistochem-
istry. The positive rates of ALDH1 and TGFB2 protein were 62.67% and 66.67%, respectively, in breast cancer tis-
sues, which were significantly higher than that in normal fiboroadenoma breast (P<0.05) and paracancerous tissues
(P<0.01). ALDH1 and TGFB2 status were significantly associated with tumor histological grade and receptor status
(P<0.05). Expression of ALDH1 was found to be positively correlative to TGFB2 in breast cancer (r = 0.33, P<0.01).
Expression of both proteins remained significantly associated with reduced overall survival (OS) by univariate analy-
sis (P<0.05). Multivariate Cox regression analysis showed that ALDH1 expression, tumor stage, and lymph node sta-
tus are independent prognostic factors in invasive breast cancer patients. Thus ALDH1 and TGFB2 play important
roles in the development of breast cancer. The ALDH1 phenotype is an independent predictor of poor prognosis,
and TGFB2 signaling pathway activation might be involved in the pathological regulation of ALDH1 in breast cancer.
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Introduction

Breast cancer is a common breast malignancy
and a major cause of cancer mortality in women
worldwide [1]. Despite earlier detection and
developments in new treatment protocols, a
subset of patients still display poor prognosis
and early metastasis and might die from the
disease within five years of diagnosis [2, 3]. The
cancer stem cell hypothesis was proposed to
explain breast cancer heterogeneity and risk of
recurrence. These small subpopulations of
cells within malignant breast tumors have the
capacity to self-renew, proliferate and differen-
tiate into multiple cell types, and may contrib-
ute to the failure of chemotherapy and promote
tumor recurrence or metastasis [4]. A candi-

date stem-like cell marker aldehyde dehydroge-
nase 1 (ALDH1), a detoxifying enzyme respon-
sible for the oxidation of intracellular aldehydes,
has attended much attention in recent years
[5-7]. Mounting evidences have shown that the
breast carcinoma cells with ALDH1 phenotype
participate in the acquisition of progenitor fea-
tures [5, 8]. Increased ALDH1 activity was also
found to play a critical role in mediating the
clinically aggressive behavior of breast cancer,
and thus led to early metastasis and poor clini-
cal outcome [9, 10]. However, the mechanisms
by which the ALDH1 phenotype contributes to
malignant cell proliferation or metastatic behav-
ior in breast cancer remain to be elucidated.
Meantime, most prior studies have focused on
studying ALDH1 expression in malignant tumors
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Table 1. Relationships between ALDH1 or TGF[32 expression and clinicopathological parameters for

the 75 breast cancer patients

. ALDH1 TGFB2
Variable P value P value
- + - +
Age (years)
<35 5 2 3 2 3
1.000 1.000
>35 70 26 44 23 47
Menstrual status
Pre-menopausal 52 22 30 20 32
0.181 0.157
Post-menopausal 23 6 17 5 18
Histological type
Non-invasive 10 6 4 4 6
. 0.111 0.723
Invasive 65 22 43 21 44
Grade (for invasive carcinoma)
-1 39 18 21 17 22
0.015* 0.017~*
1 26 4 22 4 22
Tumor size (cm)
<2 29 14 15 13 16
2-5 37 11 26 0.311 8 29 0.116
>5 9 3 6 4 5
Lymph node metastasis
Negative 35 15 20 13 22
. 0.355 0.513
Positive 40 13 27 12 28
Clinical stage
| 9 6 3 5 4
Il 34 11 23 0.150 8 26 0.154
I 32 11 21 12 20
Triple negativity features (for invasive carcinoma)
Present 13 1 12 1 12
0.022* 0.023*
Absent 52 23 29 22 30
*P<0.05.

with a lack of benign tumors. A parallel study of
ALDH1 expression in benign versus malignant
tumors might provide new important insight
into differences between the two categories.
Therefore, breast cancer and fibroadenoma,
which represent the most frequently encoun-
tered malignant and benign breast neoplasm
among women, were both involved in the study.

In exploring the mechanisms of ALDH1 activity,
we focused our study on transforming growth
factor (TGF) signaling pathway. TGF(2, belong-
ing to a superfamily of polypeptide growth fac-
tors, is ubiquitously expressed and has been
detected in a variety of different cell types. It is
considered to be a hallmark of various malig-
nant tumors [11] including pancreatic carcino-
ma, glioma, melanoma, and colorectal carcino-
ma, due to its pivotal role playing in multiple
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biological processes such as cell proliferation,
differentiation, apoptosis, angiogenesis and
immune response [12, 13]. Moreover, studies
have also indicated a molecular link between
TGFB2 signaling and CD44, another putative
marker of breast cancer stem cells [14, 15],
and further demonstrated that activation of
TGFB2 is an essential CD44-downstream event
required for breast cancer invasion and metas-
tasis [16-18]. However, whether TGF(2 signal-
ing pathway is associated with ALDH1 expres-
sion in breast cancer development and pro-
gression is nascent.

The purpose of this study was to investigate the
expression characteristics of ALDH1 and TGF(32
in benign and malignant breast tumors using
an immunohistochemical method, to explore
their relationship as well as to investigate the
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correlations among their expressions, clinico-
pathological parameters and prognosis.

Materials and methods
Cases and clinical data

We examined paraffin blocks with samples
from 75 breast cancer patients, and 30 para-
cancerous normal counterparts (defined as
more than 5 cm away from the carcinoma tis-
sue), who underwent surgery at the First
Affiliated Hospital of Bengbu Medical College
between January 2006 and June 2007. 39
samples of fibroadenoma breast tissues were
also included in the study. Patients with bilat-
eral tumors or a prior history of cancer (other
than basal cell carcinoma or cervical carcino-
ma in situ) were excluded. Approval was
obtained from the medical ethics committee of
our institute, and women have signed a written
informed consent to participate in the study.

All tumor materials were available for histologi-
cal examination. Primary surgery was complet-
ed on all breast cancer cases that included
complete resection of tumor (modified radical
mastectomy) and axillary lymph node dissec-
tion, and no patient had received radiation,
chemotherapy or hormone therapy preopera-
tively. The median age of breast cancer patients
was 47 years old (range, 20 to 80 years). 65
patients received adjuvant chemotherapy (regi-
men CEF or AT), and 51 patients received adju-
vant hormonal treatment (tamoxifen, most
cases). Five-year follow-up data for all 65 inva-
sive breast cancer patients was obtained, and
the follow-up ended in September 2012.
Patient outcomes were defined as overall sur-
vival (0S). The duration of OS was determined
as the time between the start of surgery and
the date of death.

Pathologic examination and assessment

All malignant tumors were classified according
to the criteria of WHO. Histological types includ-
ed 10 non-invasive carcinomas and 65 invasive
carcinomas, with ductal 83.08% (54 samples),
lobular 9.23% (6 samples), tubular 3.08% (2
samples), medullary 3.08% (2 samples), and
mucoid 1.53% (1 sample). The histological
grade of invasive carcinoma was determined
using current histological standards of Common
Malignant Tumors Diagnosis and Treatment
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Guidelines in China. Histological grade I-II
accounted for 60% (39 samples), and grade |l
accounted for 40% (26 samples). Staging at the
time of diagnosis was based on the tumor-
lymph node metastasis (TNM) classification.
Tumors of stage | accounted for 12% (9 sam-
ples), tumors of stage Il accounted for 45.33%
(34 samples), and tumors of stage Il account-
ed for 42.67% (32 samples). Tumor size and
lymph node status were evaluated separately.
The clinicopathological parameters are sum-
marized in Table 1.

Hormone receptor, and human epidermal
growth factor receptor 2 status

Based on the status of estrogen receptor (ER),
progesterone receptor (PR) and human epider-
mal growth factor receptor 2 (HER2), tissue
samples of all carcinomas were classified into
triple negative breast cancer (TNBC) and non-
TNBC. ER and PR status was defined as posi-
tive when 21% of tumor cells showed positive
immunohistochemical staining (antibodies for
ER and PR, Santa Cruz, USA). Immunohisto-
chemical staining for HER2 was scored into 4
grades (0, 1+, 2+, or 3+). Tumors with scores of
3+ were considered HER2-positive. Tumors
with scores of 2+ were further determined by
fluorescence in situ hybridization (FISH) using
PathVysion HER2 DNA Probe kits (Vysis,
Downers Grove, IL). Cancer nuclei were scored
for the centromere enumeration probe (CEP) 17
and HER2 signals. Specimens with a
HER2:CEP17 ratio of >2.0 were considered pos-
itive for gene amplification [19]. Tumors with
scores of 1+ or O+ were considered HER2-
negative. A pathologic non-TNBC was defined
as the absence of either above receptor in the
primary lesion. According to the immunohisto-
chemical analysis, 15 were classified as TNBC
and 60 as non-TNBC.

Immunohistochemistry and evaluation

Rabbit polyclonal anti-human ALDH1 antibody,
atadilution of 1:100 (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) and mouse polyclonal
anti-human TGFB2 antibody at a dilution of
1:200 (Santa Cruz Biotechnology), were used
for immunohistochemistry. All formalin-fixed
specimens were embedded in paraffin and cut
by a microtome into 4 ym sections. Immuno-
histochemical staining was performed accord-
ing to our previously described standard proto-
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Table 2. ALDH1 and TGFB2 expression in the different groups

ALDH1 TGFp2
Group n P value
- + - +
BC 75 28 (37.33%) 47 (62.67%) 25 (33.33%) 50 (66.67%)
\ p=<.0.05
FA 39 24 (61.54%) 15 (38.46%) 23 (58.97%) 16 (41.03%) p<0.05
NAC 30 23 (76.67%) 7 (23.33%) 16 (53.33%) 14 (46.67%) p=>0.05

BC: breast cancer; FA: fibroadenoma; NAC: normal tissue controls adjacent to cancer.

Figure 1. Immunohistochemical analyses of ALDH1 and TGFB2 expression in sections of different breast tissues. A:
Breast cancer cells showed extensive cytoplasmic staining for ALDH1. B: Cytoplasmic positive staining for ALDH1
in benign fibroadenoma. C: ALDH1-negative staining in non-cancerous normal tissue adjacent to cancer. D: Strong
expression of TGFB2 in the cytoplasm of breast cancer cells. E: Diffuse cytoplasmic staining for TGFB2 in fibroad-
enoma tissue. F: TGFB2-negative staining in paracancerous normal tissue. Representative immunohistochemical
examples of staining were shown (original magnification, x400).

cols [20]. The negative control slides were pro-
cessed by omitting the primary antibody but
including all other steps of the procedure.
Microscopic analyses of ALDH1 and TGF(B2
were assessed independently by two observers
in a blinded manner. There was no discrepancy
between the two investigators. ALDH1 and
TGFB2 staining were detected mainly in the
cytoplasm, and subjective estimation was
judged according to the criteria described by
Ginestier et al [5]. Immunohistochemical stain-
ing of ALDH1 and TGFB2 was classified as neg-
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ative (<5% positive cells), 1+ (5%-10% positive
cells), 2+ (10%-50% positive cells), or 3+ (=50%
positive cells).

Statistical analysis

All statistical analyses were performed using
SPSS version 17.0 statistical software (Chicago,
IL, USA). Correlations between molecular mak-
ers and clinicopathological parameters were
evaluated by x° test, Fisher's exact test,
Wilcoxon rank test where appropriate.
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Table 3. Relationships between ALDH1 or TGF(2 protein staining

intensity and tumor histologic grade

occurredin 47 cases (62.67%),
whereas it was negative in 28

cases (37.33%) (Figure 1A). Of

L . ALDH1 TGFB2

Staining intensity M Ml Pvalue n Ml Il Pvalue all 39 FA cases, 15 cases

o 18 4 1 17 4 (38.46%) _were .o.bserved as

N 14 6 3 10 7 3 cytoplasmic .p03|t|v.e for ALD-

s o4 13 11 0.039* 30 14 16 0.004* H1 expression (Figure 41B).

However, most of the NAC

T 5 2 3 4 13 samples had negative ALDH1

Total 66 39 26 66 39 26 - staining (23/30, 76.67%) (Fig-
*P<0.05.

Table 4. Relationships between ALDH1 or TGFB2 protein staining

intensity and tumor receptor status

ure 1C). There was no differ-
ence in staining intensity
among all categories. For
ALDH1 immunohistochemical

analysis between either two

groups, no statistically signifi-

cantly difference was obser-
ved between FA and NAC (P>
0.05). Of special interest was
the difference in the positive
rate of ALDH1 between BC

and FA or NAC (P = 0.014 and

Staining ALDH1 TGFB2
intensity n  TNBC non-TNBC Pvalue n TNBC non-TNBC Pvalue
- 24 1 23 23 1 22
+ 16 4 12 14 3 11

0.017* 0.021*
++ 22 7 15 21 7 14
+++ 3 1 2 7 2 5
Total 65 13 52 65 13 52 -
*P<0.05.

Table 5. Correlation of ALDH1 and TGFB2
protein expression in 75 breast carcinomas

TGFB2
ALDH1T —————— Total r P value
- 15 13 28
+ 10 37 47 0.33 0.004~*
Total 25 50 75
*P<0.05.

Spearman’s correlation was used to analyze
the association between ALDH1 and TGFB2
protein expression. The OS duration was calcu-
lated using the Kaplan-Meier method and was
compared using log-rank tests. A Cox propor-
tional hazards regression model was used for
multivariate analyses. The results were consid-
ered to be statistically significant at P<0.05.

Results

Expression of ALDH1 and TGFB2 among differ-
ent groups

When comparing ALDH1 protein expression in
the different clinical groups (i.e. BC: breast can-
cer; FA: fibroadenoma; NAC: normal tissue con-
trols adjacent to cancer), statistically significant
differences were observed among the groups
(Table 2). In BC group, the expression of ALDH1
was confined to the cellular cytoplasm and
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P =0.000, respectively).

For TGFB2 immunohistochemical analysis, we
found it displayed similar cytoplasmic expres-
sion patterns in all sorts of breast tissues
(Figure 1D-F). As illustrated in Table 2, the posi-
tive rate of TGFB2 protein expression in breast
cancer cells was 66.67%, which was also sig-
nificantly higher than that in fibroadenoma
breast tissues (P = 0.009) and paracancerous
tissues (P = 0.002).

Association between ALDH1 or TGF32 expres-
sion and clinicopathologic factors

For all 75 breast carcinomas, the expressions
of ALDH1 in different subgroups were com-
pared and summarized in Table 1. It showed
that ALDH1 status was only associated with
tumor histological grade (P = 0.015) and recep-
tor status (P = 0.022). No significant correlation
was observed between ALDH1 expression and
patient age, menstruation status, histological
type, tumor size, clinical stage and lymph node
status (P>0.05; Table 1). Similar results were
also observed for TGFB2 expression (Table 1).

Correlation between ALDH1 or TGFJ32 staining
intensity and tumor histological grade

To explore more detailed correlation between
protein level and tumor histological grade, scor-
ing grades analysis for ALDH1 and TGFB2 were
further performed in 65 invasive breast carci-
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Table 6. Univariate analysis for prognostic param-
eters in 65 invasive breast carcinomas for 5-year
survival rate

Variable n 5-year survival rate (%) P value

Age (years)
<35 5 60.00 0.644
>35 60 70.00

Menstrual status
Pre-menopausal 44 72.73 0.411
Post-menopausal 21 61.90

Tumor size (cm)
<2 22 63.64 0.525
>2 43 72.09

Lymph node metastasis
Negative 32 84.38 0.048*
Positive 33 54.55

Clinical stage
-1 33 81.82 0.007*
1 32 56.25

Receptor status
TNBC 13 36.36 0.012*
Non-TNBC 52 77.78

ALDH1 status
ALDH1* 40 57.50 0.012*
ALDH1 25 88.00

TGFB2 status
TGFB2* 42 59.52 0.023*
TGFB2 23 86.96

*P<0.05.

nomas. As demonstrated in Table 3, there was
a significant correlation between ALDH1-
positive staining intensity and histological
grade (P = 0.039). For TGFB2 immunostaining,
the expression intensity was also stronger in
carcinomas with a high histological grade (lll)
compared to carcinomas with a relative low his-
tological grade (I-1l) (P = 0.004, Table 3).

Correlation between ALDH1 or TGFP2 staining
intensity and tumor receptor status

The associations between staining intensity of
established biologic markers and receptor sta-
tus were shown in Table 4. Among 13 TNBC
invasive carcinomas, 12 samples were
observed to be positive for both proteins. There
was a significant difference in the staining
intensity of ALDH1 between TNBC and non-
TNBC (P = 0.017). The differences in TGFB2-
positive staining intensity displayed a homoge-
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nous pattern: TNBC revealed a strong stain-
ing intensity, while non-TNBC revealed a
moderate staining intensity (P = 0.021).
These results indicated differences in
amount of protein in the positive cells
between these two groups.

Correlation of ALDH1 and TGFB2 expression
in breast carcinoma

Positive expression of ALDH1 and TGFB2
was detected in 37 (52.11%) of 75 breast
cancer samples and a complete lack of
either protein was found in 15 (20%) of the
tumors. There was a significant positive cor-
relation between ALDH1 and TGFB2 protein
expression (r=0.33, P =0.004) (Table 5).

Survival analysis of breast cancer patients

Of all 75 breast cancer patients, 10 cases of
non-invasive carcinoma had no special treat-
ment after surgery and exhibited good prog-
nosis, thus it is not included in the survival
analysis. Among 65 invasive carcinomas
with routine postoperative therapy (i.e. adju-
vant chemotherapy, radiotherapy and endo-
crine treatment), 20 cases (30.77%) had
already died by the time the study was com-
pleted. Univariate analysis by the log-rank
test demonstrated lymph node status, clini-
cal stage, receptor status, ALDH1 and TGF32
status to be significant prognostic parame-
ters (Table 6). Analysis of the impact of
ALDH1 status was shown in Figure 2A. Patients
with high ALDH1 expression tended to have
poorer prognosis than patients with low ALDH1
expression (P = 0.012, log-rank test). Kaplan-
Meier curves of OS stratified by TGFB2 status
were shown in Figure 2B. Similarly, cases with
positive TGFB2 expression had poorer 5-year
survival rate (P = 0.023, log-rank test). We fur-
ther performed a Cox multivariate analysis to
identify independent prognostic markers for
0S. Our data revealed that ALDH1 expression,
lymph node metastasis and clinical stage were
statistically significant as independent nega-
tive prognostic factors for survival (Table 7).

Discussion

ALDH1 and TGFB2 are biologic markers which
have shown importance for tumorigenesis. In
the present study we have performed compara-
tive analyses of their expressions in cancerous
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Figure 2. Kaplan-Meier overall survival (OS) curves for 65 patients with invasive breast carcinoma. A: Patients with
ALDH1 positive expression had a significantly worse OS compared with those with ALDH1 negative expression. B:
The survival time of patients with TGFB2 positive expression was significantly shorter than that of patients with
negative expression. P-values were calculated using the log-rank test.

Table 7. Multivariate analysis (Cox regression model) of prognostic parameters for overall survival in

65 invasive breast carcinomas

Variable Beta Standard Error Wald Relative Risk 95% ClI P value

ALDH1 1.559 0.633 6.072 4.756 1.376-16.439 0.014*
ALDH1 vs. ALDH1*

Lymph node metastasis -1.130 0.492 5.266 0.323 0.123-0.848 0.022*
N- vs. N+

Clinical stage -1.179 0.518 5.184 0.308 0.111-0.849 0.023*
Il vs. 11l

*P<0.05.

and paracancerous tissues of women operated
for breast cancer, and normal fibroadenoma
breast tissue of women operated for non malig-
nant condition. The impact of the two proteins
on the clinical outcome in breast cancer
patients was also investigated.

When comparing immunohistochemical deter-
mination for ALDH1 among different sources of
tissue, we observed a highly statistical differ-
ence in protein positive rate. Expression of
ALDH1 was more frequently detected in can-
cerous tissues compared to that in normal
paracancerous or fibroadenoma tissues. As for
TGFB2, it followed a similar pattern except for
the immunoreactive intensity, indicating that
the two proteins associated with tumor occur-
rence and development is already detected in
the normal tissue, leading to higher risk for
development of a malignant disease in the
breast. Therefore, the combined detection of
ALDH1 and TGFB2 in tissue sample before sur-

4179

gery might be helpful in diagnosis of malignant
breast tumor.

For relationship between protein expression
and clinicopathological parameters for the
breast cancer subgroup, results revealed only
histological grade and receptor status were sig-
nificant. Among 65 invasive carcinomas, ALDH1
over-expression was strongly associated with a
high histological grade. Cancer cells with high
histological grade were considered to be more
likely to metastasize to the axillary lymph
nodes, however, no correlation between pro-
tein expression and nodal status was observed
in the present study. These results were some-
what in accordance with previous meta-analy-
sis [21], by showing the presence of cancer
stem cells positive for ALDH1 was significantly
associated with high histological grade, ER neg-
ativity, PR negativity, and HER2 positivity, but
not tumor size or nodal status.

Int J Clin Exp Pathol 2014;7(7):4173-4183



ALDH1 and TGFB2 in breast tumor

Recently researches have focused on TNBC
due to its high risk of distant recurrence and
poor clinical outcome [22, 23]. Previous meta-
analysis has established a link between recep-
tor status and ALDH1 expression [21].
Moreover, Nalwoga et al [24] demonstrated a
high prevalence of ALDH1 expression among
breast carcinomas with basal-like markers and
features from an African  population.
Considering that TNBC represents the main
subset of basal-like breast cancer, thus it is not
surprising that the ALDH1 expression is signifi-
cant difference between TNBC and non-TNBC
patients as revealed in the present study. Stem
cell-like populations in breast cancer are char-
acterized by the expression of ALDH1 [5], and
the amount of cancer stem cells within breast
tumors may correspond to the risk of distant
metastases [25, 26]. Thus, ALDH1 status might
represent an indicator of aggressive breast
cancer with features such as ER/PR negativity,
similar to what others have reported [5, 27].
However, no interaction was also found
between ALDH1 expression and receptor sta-
tus in other studies [10, 28]. These differences
among the studies may be attributed to the
methodological discrepancies, and different
samples under investigation.

Over-expression of TGFB has been reported in
most cancers [29], and these high TGFB levels
in tumor tissues correlate with markers of a
more metastatic phenotype [30]. Moreover,
treatment of mice with TGF(3 neutralizing anti-
bodies strongly inhibits development of either
lung- or bone metastases [31]. In consistent
with these findings, we observed a higher fre-
quency of TGFB2 expression (66.67%) in breast
cancer tissues compared to that in fibroadeno-
ma (41.03%) and paracancerous (46.67%)
samples, from a Chinese population.
Furthermore, high expression of TGFB2 was
associated with features of aggressive tumors
such as high histological grade and ER/PR/
HER2 negativity. Therefore, quite similar to the
well accepted dominant role of TGFB1 in breast
cancer development [30], our study reveals an
important role of another TGF family member,
TGFB2, in this process.

Here, investigations of ALDH1 and TGFB2 in dif-
ferent subgroups, especially in TNBC subgroup
were of particular interest as their expression
patterns were highly consistent. For example,
in tumors with either low grade I-1l or high grade
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lll, the distribution of ALDHZ1-positive staining
intensity is similar to that of TGFB2 (Table 3).
Our results also showed that coexpression of
ALDH1 and TGFB2 was observed in almost all
samples of TNBC (both 12/13, 92.31%). All
TNBC with ALDH1 positivity were positive for
TGFB2 staining. The incidences of high expres-
sion (grade 2+-3+) were 61.54% (8 samples)
for ALDH1 and 69.23% (9 samples) for TGF(2
in 13 TNBC tissues, respectively, strongly sug-
gesting an interaction between ALDH1 and
TGFB2, and that an enrichment of protein-posi-
tive cancer cells in more aggressive tumors of
breast. Previous studies reported that high lev-
els of ALDH1 [5] and TGFB2 [30] in breast can-
cer tissues might correlate with poor patient
outcome. Our results were similar: both ALDH1
and TGFB2 were over-expressed in breast can-
cer tissues; and positive expression of either
ALDH1 or TGFB2 was further found to be signifi-
cantly correlated with reduced 5-year survival
of invasive carcinoma patients by univariate
analysis (P = 0.012 for ALDH1; and P = 0.023
for TGFR2).

To the best of our knowledge, we are the first to
show that expression of ALDH1 in breast can-
cer is positively correlated with TGFB2. ALDH1
has been demonstrated as a putative marker
of human mammary stem cells and a predictor
of poor prognosis [5], however, the biologic
mechanism underlying is not well established.
Understanding the cross-talk between cell pop-
ulations mediated by ALDH1 may be important
when designing strategies to manage human
breast cancer development and progression. At
present, the explanation for positive correlation
between these two proteins is unknown. To
speculate, our findings might be related to a
directly linkage between ALDH1 and TGFp sig-
naling pathways. TGF( has the potential to act
directly on a small TGFB-responsive progenitor
cell population. For example, CD44"* cell-specif-
ic genes included many known stem-cell mark-
ers and correlated with decreased patient sur-
vival [32]. The TGFB pathway was specifically
active in CD44* mammary cancer cells with
stem-cell-like properties, and treatment of
these CD44* cells with a TGFp receptor kinase
inhibitor caused markedly decreased metastat-
ic potential [14]. Furthermore, previous studies
also provided evidence that activation of TGFf2
is an essential CD44-downstream event
required for tumor cell survival and metastasis
[47, 18]. Thus, it is quite possible that TGF[2
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directly interacted with ALDH1, like CD44, in
regulating the dynamics of cell populations
within normal and malignant breast tissues by
favoring stem-cell self renewal, and, conse-
quently, promoting breast cancer development
and progression. However, other mechanisms
such as epithelial-to-mesenchymal transition
(EMT) also remains as potential. EMT is associ-
ated with both anchorage-independent growth
and a stem cell-like phenotype. Meantime, it
has been known for some time that TGF3 can
induce benign mammary epithelial cells to
undergo EMT [33, 34], postulating a link
between TGF(B activation and ALDH1 over-
expression in breast cancer development. In
support of this, Mani et al. [35] has provided
further evidence for a key association between
mesenchymal and stem cell phenotypes and
the role of TGFP therein with a series of elegant
studies. Therefore, considering the essential
role in maintaining the mammary epithelial
(cancer) stem cell pool, our data suggest that
TGFB2 signaling pathway activation might be
involved in ALDH1-mediating breast tumor
development and progression, though further
studies to confirm the direct interaction
between these two factors are warranted.

In summary, we have in the present study dem-
onstrated for the first time that the expression
of ALDH1 and TGFB2, are different in various
clinical categories (malignant breast tumors,
paracancerous normal counterparts or benign
fibroadenomas). These two proteins were posi-
tively correlated and associated with reduced
survival in breast cancer patients. Therefore,
combined detection of ALDH1 and TGFB2 may
be applicable to clinical management of breast
cancer, contributing to both stratify women at
risk for development of malignant disease and
the identification of patients with poor
prognosis.
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