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SOX2 and ALDHI1 as Predictors of Operable Breast Cancer
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Abstract. Aim: Sex-determining region Y-box binding
protein-2 (SOX2) and aldehyde dehydrogenase-1 (ALDHI)
are known cancer stem-cell markers, and represent candidate
predictors for breast cancer prognosis. In this study we
investigated the relationships between SOX2/ALDHI
expression and prognosis. Materials and Methods: One
hunred and two breast cancer surgical specimens were
immunohistochemically analyzed for SOX2 and ALDHI
expression. Results: Disease-free survival (DFS) and overall
survival (OS) were significantly poorer for SOX2-positive
patients than SOX2-negative (p=0.0024 and p=0.0021,
respectively), and for ALDH I-positive patients than ALDH -
negative (p=0.0049 and p=0.0083). DFS and OS were worse
for SOX2- or ALDH I-positive patients than double-negative
(p=0.0053 and p=0.0166). While an obvious tendency
toward worse DFS was seen for estrogen receptor (ER)-
negative patients, and attenuated for ER-positive, only
SOX2/ALDH1 any-positive patients showed significantly
poorer DFS (p=0.0258). Conclusion: SOX2 and ALDHI can
be considered markers of poor prognosis, particularly in ER-
negative patients. SOX2/ALDH]I any-positivity might also
offer a reliable predictor of poor prognosis.

Sex-determining region Y-box binding protein-2 (SOX2) is a
transcription factor essential to the maintenance of the
pluripotent stem cell state in embryonic stem cells and
induced pluripotent stem cells (1, 2). SOX2 has recently
been discovered to be aberrantly expressed in cancer cells,
including those of the lungs, brain, ovaries, bone, colon,
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upper urinary tract, skin, and breasts (3-5). On the other
hand, expression of aldehyde dehydrogenase-1 (ALDH1) is
well known as a marker of cancer stem cells associated with
the stem-like properties of self-renewal in breast cancer (6,
7). In the physiological state, ALDHI is well known as a
cytosolic enzyme responsible for the metabolism of
intracellular aldehydes (8, 9). Both SOX2 and ALDHI1 have
thus been identified as stem cell markers, but SOX2 and
ALDHI1 might reflect different aspects of the stem cell
nature.

Through clinical investigations, SOX2 and ALDHI have
been correlated with poor prognosis in breast cancer (6, 7,
10). Furthermore, various mechanisms allow cancer stem-
like cells to show greater resistance to chemo- and
radiotherapy than non-cancer stem-like cells, suggesting that
existence of these cells is a prognostic factor in cancer
patients (4, 11). SOX2 and ALDHI1 are, therefore, seen as
markers expressed in both normal and cancer stem cells,
including breast cancer (12). These potentially prognostic
factors have been reported to reflect different clinico-
pathological features (13, 14). This study investigated
whether SOX2 and ALDHI1 are associated with prognosis
and whether relationships exist between these markers and
different clinicopathological features.

Materials and Methods

We retrospectively analyzed a group of 102 patients with operable
primary breast cancer diagnosed and treated at the Sapporo
Medical University Hospital. All tissue samples were derived from
a series of consecutive cases at the Department of Surgical
Pathology within the same Institution, and clinicopathological
factors of these patients were analyzed. The age of patients ranged
from 31 to 85 years, and all patients were diagnosed between
January 2011 and December 2012.

Immunohistochemistry and scoring. Sections (4 mm) of formalin-
fixed, paraffin-embedded tumor specimens were immunostained
after heat-induced epitope retrieval in citrate buffer (pH 6.0) using
an autoclave with a polyclonal antibody against SOX2 (dilution
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1:100; Abnova, Taipei, Taiwan) and monoclonal antibody against
ALDHI (clone 44/ALDH, dilution 1:3000; BD Bioscience, Franklin
Lakes, NJ, USA). A sensitized agent from a Bond Polymer Refine
Detection kit (Leica Biosystems, Tokyo, Japan) was used in
immunohistochemistry for ALDH after the first antibody reaction.
Subsequent incubations with a secondary biotinylated antibody,
avidin-conjugated peroxidase complex and chromogen were
performed on a Bond Polymer Refine Detection kit. Slides were
then counterstained with hematoxylin, rinsed, dehydrated through
graded alcohols into a non-aqueous solution, and cover-slipped with
mounting media.

All specimens were reviewed independently using light
microscopy in at least ten areas at x400 magnification by an
investigator. For SOX2, comparatively obvious nuclear staining was
considered positive in any cancer cell (10, 15). Diffuse cytosol
staining without nuclear staining in cancer cells was not defined as
a positive result. Positive stromal ALDH1 expression was defined
as the existence of more than 10% positive stromal cells within the
tumor tissue (Figure 1) (16).

Hormone receptor and HER?2 expression. Breast cancer specimens
were divided into 4 groups through immunohistochemistry (IHC) for
estrogen receptor (ER) and human epidermal growth factor receptor
type 2 (HER2). Tumor cells showing >10% positive staining were
considered ER-positive. HER2 status was determined by IHC or by
fluorescence in situ hybridization (FISH) analysis. HER2-positive
results were defined as 3+ on IHC (>10% of cells showing membrane
staining) or as positive by FISH (with amplification ratio >2.0
indicating a positive status) in accordance with the American Society
of Clinical Oncology/College of American Pathologists Guidelines
(17). Similarly, a progesterone receptor (PgR)-positive result was
defined as >10% positively stained tumor cells.

Statistical analysis. We tested the relationships between SOX2 or
ALDHI1 and other clinicopathological parameters, specifically the
pathological T stage, lymph node status, nuclear grade and
lymphovascular invasion, using the Chi-square method or t method.
Disease-free survival (DFS) and overall survival (OS) were assessed
using the Kaplan-Meier method, and differences between the two
groups were compared using the Wilcoxon test. Uni- and
multivariate regression analyses with Cox proportional hazards
regression modeling, with DFS or OS as the dependent variable,
were used to evaluate expression of SOX2 or ALDHI as potential
independent prognostic factors. A value of p=0.05 was considered
to indicate statistical significance. Calculations were performed
using JMP11 software (SAS Institute, Cary, NC, USA).

Results

Patients’ characteristics. Median age was 60.5 years. Among
102 patients, 81 patients had a diagnosis of invasive ductal
carcinoma and 19 patients were diagnosed with other type of
invasive breast cancer. Median duration of follow-up was
30.3 months. Among the 102 patients, 16 patients had
experienced a recurrence of the disease, and 12 patients died
during the 4-year observation period.

Relationship  between SOX2/ALDHI expression and
clinicopathological factors. SOX2-positive cells were
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Table 1. Background and association of cancer stem cell marker staining with clinicopathological featured of operable breast cancer.
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Figure 1. Immunohistological staining of SOX2 and ALDH1 in breast cancer. Left panel a SOX2-positive case is shown. In this case, nucleus cancer
cells were distinctly stained by anti-SOX2 polyclonal antibody. And we defined SOX2 positive as any distinctly stained nucleus. Right panel an
ALDH]1 positive case is shown. In this case, stromal ALDHI expression was heterogeneously seen in a cancer nest. Positive stromal ALDHI
expression was defined as more than 10% of positive stromal cells within the tumor tissue.

observed in 9 of 106 patients (8.8%), as shown in Table I.
SOX2 expression correlated with tumor size (p=0.0126),
higher nuclear grade (NG; p=0.0085) and higher percentage
of Ki67 (p=0.0101). On the other hand, ALDH1 expression
was observed in 17 of 102 patients. No significant
relationship was seen between ALDHI expression and these
clinicopathological factors, Different characteristics in
patients’ background such as tumor size, NG and Ki67 were
seen between SOX2- and ALDH1-positivity.

Of particular interest, 10 or more metastatic lymph nodes
at the time of diagnosis were seen in 2 patients (22.2%) in
the SOX2-positive group, and 3 patients (3.1%) in the SOX2-
negative group, while the number of patients who had 1 or
more metastatic lymph nodes at diagnosis was not
significantly different between the two groups. Although no
significant difference in lymph node metastatic status (more
than one node) was evident, there were significantly more
patients with 10 or more metastatic lymph nodes in the
SOX2-positive group than in the SOX2-negative group
(OR=8.95; 95% confidence interval (CI)=1.28-62.74,
p=0.0096), while no significant difference in the frequency
of patients with over 10 metastatic nodes was seen between
ALDHI1-positive and -negative patients (OR=3.78;
95%C1=0.58-24.55, p=not significant).

SOX2 and ALDH1 expression might be related to prognosis.
A significant decrease in DFS was seen in SOX2-positive
patients compared to SOX2-negative patients (p=0.0024,
Figure 2A). A significant difference was also seen in
ALDHI1-positive patients compared with ALDH1-negative
patients (p=0.0049, Figure 2B). Moreover, DFS was
significantly poorer in SOX2- or ALDHI1-positive patients
than in SOX2 and ALDHI1 double-negative patients
(p=0.0053, Figure 2C). SOX2 and ALDHI1 were both
positive in only 1 patient. SOX2-positive, ALDH1-negative
results were seen in 8 patients, while ALDHI-positive,
SOX2-negative results were seen in 16 patients.

OS was also significantly poorer in SOX2-positive patients
than in SOX2-negative patients (p=0.0021, Figure 3A).
Similarly, a significant decrease in OS was seen in ALDH1-
positive patients compared to ALDHI1-negative positive
(p=0.0073, Figure 3B). Moreover, OS was significantly
poorer in patients with SOX2- or ALDH1-positive results
than when SOX?2 and ALDH1 were both negative (p=0.0166,
Figure 3C).

SOX2 and ALDHI expression might show different
relationships with the distribution of ER status. In ER-
negative patients, SOX2-positive, ALDHI-positive and
SOX2/ALDHI double-positive results were associated with
significantly poor DFS (p=0.0081, p=0.0092 and p=0.0499,
respectively; Figure 4A-C). Although ER-positive patients
showed no significant difference in DFS between SOX2 and
ALDHI1 (Figure 4D and E), any combination of SOX2- or
ADHI1-positive (SOX2/ALDH1 any-positive) patients
showed significantly inferior DFS than SOX2/ALDHI1
double-negative patients (p=0.0258; Figure 4F).

OS showed a similar tendency, with SOX2-positive,
ALDHI-positive and SOX2/ALDH1 double-positive results
among ER-negative patients indicating significantly poorer
prognosis (p=0.0013, p=0.0048 and p=0.028; Figure 5SA-C).
Conversely, ER-positive patients showed no significant
differences between SOX2-positive, ALDHI1-positive and
SOX2/ALDHI any-positive results (Figure 5D-F).

SOX2 and ALDH, either individually or in combination, may
predict poor prognosis. In univariate analyses, tumor size,
presence or absence of node metastasis, NG, Ki67, SOX2-
positive and SOX2/ALDHI any-positive were significantly
associated with DFS (Table II). In multivariate analyses for
DFS, no significant difference was seen between
clinicopathological factors selected from univariate analyses.
Even if calculations in multivariate analysis included
SOX2/ALDHI1 any-positive cases, no significant associations
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Figure 2. Kaplan-Meier curves for disease-free survival according to (A) SOX2 expression status, (B) ALDH1 expression status and (C) combination
of SOX2 and ALDH1 status, dividing into two groups: SOX2 and/or ALDHI any-positive versus neither SOX2- nor ALDHI-negative.
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Figure 3. Kaplan-Meier curves for overall survival according to (A) SOX2 expression status, (B) ALDHI expression status and (C) combination of

SOX2 and ALDHI1 status.
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Table II. Prognostic factors for disease free survival in univariate and multivariate analyses.

Univariate analysis

Multivariate analysis

HR 95%Cl p-Value HR 95%Cl p-Value

Age 4.02 0.031-2.01 0.189
Menopausal status pre/post 2.7 0.96-7.79 0.059
Tumor size 2/1 3.76 1.13-14.38 0.031 1.37 0.27-7.01 0.698

3/1 7.62 1.50-34.63 0.017 18.38 0.69-250.05 0.074
Lymph node metastatic status pos/neg 4.8 1.67-14.60 0.0042 3.53 0.68-19.42 0.133
Histology other/IDC 1.05 0.24-3.38 0.94
ER neg/pos 1.8 0.55-5.14 0.31
PgR neg/pos 1.06 0.38-3.17 0.92
HER2 pos/neg 297 0.77-9.11 0.11
iy pos/neg 2.5 0.77-8.05 0.12
NG 3/1-2 3.11 1.07-9.49 0.037 1.73 0.16-16.19 0.639
Ki67 195 241-142.21 0.0069 3.08 0.10-118.79 0.102
SOX2 pos/neg 5.17 1.41-15.56 0.0162 1.58 0.19-11.61 0.653
ALDHI1 pos/neg 3.11 0.95-9.05 0.059
SOX2orALDHI pos/neg 3.55 1.21-10.37 0.022
Table II1. Prognostic factors for overall survival in univariate and multivariate analyses.

Univariate analysis Multivariate analysis
HR 95%C1 p-Value HR 95%CI p-Value

Age (years) 22.18 0.003-0.56 0.0163 273 0.23-38.05 0.665
menopausal status pre/post 3.79 1.12-14.70 0.0328 20.12 0.36-5863.15 0.148
Tumor size 2/1 831 1.95-57.36 0.0034 9.13 0.44-354.01 0.15

3/1 59 0.65-52.58 0.107 64.18 0.67-20575.82 0.072
Lymph node metastatic status pos/neg 7.5 2.01-34-6 0.0021 3.56 0.16-90.61 0.41
Histology other/IDC 1.04 0.16-4.16 0.96
ER neg/pos 3.14 0.90-10.51 0.0716
PgR neg/pos 1.84 0.55-6.41 0314
HER2 pos/neg 424 1.08-14.39 0.0396 1.99 0.084-53.2 0.65
ly pos/neg 548 1.42-26.36 0.0137 6.96 0.54-213.53 0.14
NG 3/1-2 3.46 0.99-13.55 0.0524
Ki67 16.24 1.28-179.63 0.033 1.25 61.66-0.80 091
SOX2 pos/neg 5.08 1.09-18.39 0.0398 1.27 0.053-30.13 0.88
ALDHI1 pos/neg 2.62 0.68-8.83 0.152
SOX2 or ALDH1 pos/neg 251 0.72-8.38 0.141

were identified (p=0.42, 95%CI, 0.37-9.69). Similarly, in
univariate analyses, age, menopausal status, tumor size, nodal
status, HER2, ly, Ki67 and SOX2 were significantly associated
with OS (Table III). In multivariate analyses for OS, no
significant differences were found in any clinicopathological
factors, which were identified by univariate analyses.

Discussion

Recent reports have noted that SOX2 and ALDHI
expressions are associated with prognosis in breast cancer (6,

7, 10). Although these stem cell markers have singularly
been used to assess prognosis in individualistic ways, no
investigations appear to have reached any final determination
on the impact of these markers in combination, nor have any
comparisons been made. We investigated both the prognoses
of SOX2 and ALDHI individually and the relationship
between each stem-cell marker and breast cancer prognosis.
A relationship has been reported between stem cell markers
(SOX2 and ALDHI) and clinicopathological factors,
suggesting that some differences exist between SOX2 and
ALDHI for those factors, as described below.
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Figure 4. For disease-free survival Kaplan-Meier curves were drawn in a distribution of ER status respectively, according to (A, D) SOX2 expression
status, (B, E) ALDHI expression status and (C, F) SOX2/ALDHI any positive status. They were divided into A-C in ER-negative patients and D-F

in ER positive patients.

Ginestier et al. reported that ALDHI1-positive tumors
were associated with high histological grade, HER2
overexpression, and absence of ER and PR expression, and
no correlations were found with age, tumor size, or lymph
node metastasis (14). On the other hand, Lengerke et al.
reported that high expression of SOX2 might be associated
with larger tumor size and positive lymph node status (10).
Other investigators have reported an increased SOX2
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expression rate with an increase in pN stage in node-
positive cancers, while no significant association of SOX2
expression was found with lymph node status (13). A
similar phenomenon was seen in the present study. With
regard to SOX2, although no relationship was apparent in
lymph node metastasis status, of note the patients with 10
or more metastatic lymph nodes were significantly more
frequent in the SOX2-positive group than in the SOX2-
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Figure 5. For overall survival, Kaplan-Meier curves were drawn in a distribution of ER status, according to (A, D) SOX2 expression status, (B, E) ALDH1
expression status and (C, F) SOX2/ALDH1 any-positive status. They were divided into A-C in ER-negative patients and D-F in ER-positive patients.

negative group, while no significant difference between
ALDH1-positive and -negative groups was seen. This
suggested that SOX2 might also be strongly correlated with
over 10 lymph node metastases compared to ALDHI.
Clinically, presence of over 10 metastatic lymph nodes is
well known to correlate strongly with poor prognosis (17,
18). This study also suggested that SOX?2 expression might
be expected when lymph node metastatic involvement is

determined to be over 10. Thus, differences in relationships
to clinicopathological factors between SOX2 and ALDH1
appear consistent with our findings. In this study, SOX2
and ALDHI1 statuses were likely to be associated with
different backgrounds. SOX2 expression was significantly
associated with tumor size, NG and Ki67, while ALDH1
expression was not significantly associated with any
clinicopathological factors.
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The fact that HER2 overexpression increased and Ki67
index was at a higher level in SOX2-positive patient
backgrounds is likely to result in a proportionate decrease in
ER-positive and HER2-negative patients (19,20). Our study
substantiates the concept that overexpression of SOX2
reduces ER expression and increases the number of stem
cells, and is thus associated with poor prognosis (21).

SOX2 and ALDHI expression was significantly associated
with poor DFS and OS. A significant difference was also seen
in comparisons between SOX2/ALDHI any-positive and
double-negative results. SOX2, ALDHI1 and the combination
of those markers are likely to become useful candidates as
markers of poor prognosis. Particularly in ER-negative patients,
SOX2, ALDHI1 and SOX2/ALDHI any-positive results might
become predictors of poor prognosis in terms of DFS and OS.
By contrast, among ER-positive patients, only SOX2/ALDH1
any-positive results were significantly associated with poor
DEFS, but no other markers showed significant differences in
DFS or OS. The possibility remains that late recurrences may
have been missed in the relatively short observation period in
this study, because both DFS and OS curves indicated two lines
(SOX2/ALDHI any-positive vs. double-negative) separating
later for ER-positive patients than for ER-negative patients.
However, no factors (including age, menopausal status, nodal
status, HER2, Ki67 and SOX2) were significant in multivariate
analysis for DFS or OS. The finding that many factors were
associated with SOX2 might explain why SOX2 expression
was independently associated with DFS on univariate analysis,
but not on multivariate analysis. The same reason may also
explain the difference between univariate analysis and
multivariate analysis findings for SOX2/ALDH1 any-positive.

Of note, positive results for both SOX2 and ALDHI1 were
only seen in one case, a 38-year-old woman with T3N3MO
stage IIIC triple-negative breast cancer with a Ki-67 index of
80%, who received neoadjuvant chemotherapy resulting in
progressive disease. Her cancer grew rapidly and local
recurrence and multiple bone metastases were diagnosed 129
days postoperatively, and she died on postoperative day 267
with multiple liver metastases. The one case with positive
results for both SOX2 and ALDHI was resistant to
chemotherapy and showed rapid deterioration.

Positivity beyond SOX2 or ALDHI alone is likely to
represent an important detail. If one of the two markers has
been assessed, SOX2 and ALDHI1 might reflect diverse
mechanisms and are likely to have impact as a predictor of
poor prognosis in breast cancer. Those stemness markers
might contribute largely to prediction of poor prognosis and
modification treatment intensity especially in ER-negative
patients. Thus, immunohistochemical assessment of both
SOX2 and ALDHI1 might offer a reliable tool. In conclusion,
both SOX2 and ALDH1 might be useful predictors of poor
prognosis. Combination assessment for SOX2 and ALDH1
any-positivity might also be reliable as a predictor of poor
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prognosis. Those characteristic features might have potential
clinical utility, and further clinical investigation is needed to
clarify the details.
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