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ABSTRACT

Aldehyde dehydrogenase 1 (ALDH1) has been identified as a marker of cancer stem cells in breast cancer (BC). Recent studies showed that
ALDH1 expression is correlated with poor prognostic parameters and worse clinical outcome in BC. We evaluated ALDH1 expression by
immunohistochemistry in a series of 217 invasive BCs and investigated the correlation between ALDH1 expression and clinicopathologi-
cal parameters, molecular subtypes (luminal A, luminal B, human epidermal growth factor receptor 2 [HER2] type, and triple-negative BC
[TNBC]), and patient survival. There was a significant association between ALDH1 expression and tumor grade (p < 0.001), i.e,, the expression
of ALDH1 was higher in high-grade tumors. ALDH1 expression was significantly associated with estrogen and progesterone receptor (ER and
PR) negativity (p < 0.001) and HER2 positivity (p = 0.001). ALDH1 expression ratios were higher in HER2 type and TNBC. There was a statis-
tically significant correlation between ALDH1 negativity and luminal A subtype (p < 0.001). The overall and disease free survival were shorter
in ALDH1+ tumors, although without statistical significance. We confirm that ALDH1 is a potentially important, poor prognostic factor in BC,
associated with high histological grade, ER/PR negativity and HER2 positivity. For more accurate results, ALDH1 expression should be evalu-

ated in larger case series including various types/subtypes of BC.
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INTRODUCTION

Breast cancer (BC) is one of the most common malig-
nant tumors in women worldwide. It shows a high intra and
intertumor heterogeneity, and different subtypes of BC differ
in morphological and histopathological characteristics, pro-
teomic/genomic/transcriptomic profiles, metastatic poten-
tial, and therapeutic response [1,2].

Cancer stem cells (CSCs) are a subpopulation of cells
within tumors that have features similar to normal stem cells,
i.e, CSCs have the ability to self-renew and differentiate into
mature cancer cells through asymmetric cell divisions. These
cells are characterized by dysregulated gene expression and
altered signaling pathways, and have been implicated in the
onset, maintenance, recurrence and distant metastasis of

tumors, as well as tumor resistance to therapy. Based on the
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expression of specific cell surface markers, CSCs have been
reported in a number of cancer types, including BC [3-5].

Aldehyde dehydrogenase 1 (ALDH1), specifically its
isotype ALDH1A1, has been identified as a marker of BC
CSCs [6,7]. Aldehyde dehydrogenases are a group of enzymes
involved in the detoxification of endogenous and exogenous
aldehyde substrates to carboxylic acids, through nicotinamide
adenine dinucleotide phosphate (NADP*) dependent oxida-
tion [6]. ALDH1A1 is a highly conserved cytosolic isozyme,
in addition to the other two cytosolic isotypes ALDH1A2
and ALDH1A3, and is able to catalyze the oxidation of retinal
(vitamin A aldehyde) to retinoic acid (RA) which regulates
gene expression and is important for normal development
and maintenance of adult organs and tissues [6].

Many studies investigated the clinicopathological and
prognostic value of ALDH1/ALDH1A1 in BC types/sub-
types [7-12], most of them showing that higher ALDH1
expression is associated with larger tumor size, higher histo-
logical grade, invasive BCs, higher epidermal growth factor
receptor 2 (HER2), and/or lower estrogen receptor (ER) and

progesterone receptor (PR) expression. Increased likelihood
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of lymph node metastasis (LNM) was also associated with
ALDH1 expression in some studies [7] although not in all [9].
Moreover, in one study, the percentage of ALDH1+ cells was
significantly higher in triple-negative BC (TNBC) and HER2
type compared to luminal and luminal-HER2 BC [10]. Shorter
disease-free survival (DFS), relapse-free survival (RFS) and/or
overall survival (OS) were reported for ALDH1+ compared to
ALDHi- BC patients [10-12].

CD133 or prominin-1 is another biomarker that has been
utilized to identify specific CSC and progenitor cell subpop-
ulations in many types of neoplasms including BC [13,14].
For example, leni et al. [14] showed that CD133 was highly
efficient for detecting hematopoietic progenitor cells (HPCs)
in non-metastatic lymph nodes obtained from patients that
had been surgically treated for invasive BC, and the role of
CD133 as a positive predictor of metastasis risk in BC was
suggested [14]. Moreover, Kim et al. [3] reported that CD133
or the combination of CD133 and ALDH1 expression were
associated to a higher degree with the presence of adverse bio-
markers and subtypes of BC compared to ALDH1 expression
alone, indicating their potential predictive role in the manage-
ment of patients with invasive BC [3].

However, despite the extensive research, clinicopatholog-
ical and prognostic value of ALDH1 in BC remains contro-
versial. To contribute to the ongoing efforts in this field, we
investigated the association of ALDH1 expression with clini-
copathological parameters and survival in a sample of invasive
BCs. Based on immunohistochemistry (IHC), we grouped BC
cases into the four molecular subtypes, i.e., luminal A, luminal
B, HER2 type and TNBC. We then evaluated the expression of
ALDHL1 in relation to these groups.

MATERIALS AND METHODS

Patients

This study included 217 invasive BC cases, diagnosed at
the Department of Pathology and treated at the Department
of Medical Oncology of Cerrahpasa School of Medicine,
Istanbul University, Turkey, between 1992 and 2002. The
patients treated with neoadjuvant therapies were excluded
from the study. Hematoxylin and eosin (H&E) stained
slides and pathology reports were retrospectively reviewed.
Clinicopathological parameters including age, sex, multi-
focality/multicentricity (MF/MC), tumor size, histological
type, histological grade, lymphovascular invasion (LVI), axil-
lary lymph node status, local/distant metastases, ER, PR, and
HER2 status were recorded for each case. Tumor size and
lymph node status were classified based on the TNM classi-
fication [15]. The histological types were evaluated according
to the World Health Organization (WHO) Classification
of Breast Tumors, 4" Edition (2012) [16]. The modified

Bloom—-Richardson grading system was used for histologi-
cal grading [17]. OS and DFS times were calculated. OS was
defined as the time from diagnosis to death from any cause or
until the most recent follow-up. DFS was defined as the time
from diagnosis to recurrence or death from any cause.

Tissue microarray (TMA) construction

Representative areas of each tumor were selected on H&E-
stained slides and then marked on individual paraffin blocks.
Three tissue cores (2 mm in diameter) were obtained from
each selected specimen and transferred to a recipient paraf-
fin block using a tissue-arraying instrument. Fourteen TMA
blocks were constructed. The non-neoplastic kidney, liver and
spleen were used as control tissues in each block.

Immunohistochemistry

Sections of 3 m in thickness were obtained with a micro-
tome, transferred to positively charged slides and dried at 56 °C
for 12 hours. Immunohistochemical staining with ALDH1
antibody was assessed on an automated Ventana Benchmark
instrument using the ultraView Universal DAB Detection
Kit (Ventana Medical Systems, Arizona, USA). The slides
were incubated with primary antibody (ALDH1Az1; dilution
1:25; Cell Marque, California, USA) for 1 hour and 8 minutes.
Then the slides were stained with Mayer’s hematoxylin for
3 minutes.

Interpretation of immunohistochemistry

Cases were considered positive for ER and PR when
strong nuclear staining was observed in at least 10% of tested
tumor cells. HER2 immunostaining was considered positive
when strong membranous staining (score 3+) was observed
in at least 30% of tumor cells [18]. Regardless of the extent or
intensity, ALDHx1 staining was considered positive when the
cytoplasm showed a positive reaction [1]. Stromal staining of
ALDH], observed in some tumors, was not considered.

Molecular classification

A total of 217 cases were classified into the 4 molecular
subtypes of BC, based on ER/PR and HER2 status. ER and/
or PR (hormone receptor: HR) positive but HER2 negative
tumors were classified as luminal A; HR and HER2 positive
as luminal B; HR negative but HER2 positive as HER2 type;
and tumors negative for ER, PR and HER2 were classified as
TNBC.

Statistical analysis

Descriptive statistics were used to describe the data.
Normal distribution was tested by the Kolmogorov—Smirnov
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and Shapiro—Wilk tests. Non-parametric data were compared
using Chi-square test. The Kaplan-Meier method was used for
survival analysis, and the log-rank test (Mantel-Cox) was per-
formed to compare the survival curves between the groups.
The confidence intervals were calculated at the 95% confi-
dence level and differences at p < 0.05 were considered sta-
tistically significant. Statistical analyses were performed using
IBM SPSS Statistics for Windows, Version 21.0. (IBM Corp.,
Armonk, NY).

RESULTS

Clinicopathological characteristics

In total, 217 invasive BC cases were analyzed. All but
5 patients were women. The age range was 21—92 years in the
overall sample (mean + standard deviation [SD]: 53.0 + 13.12).

The surgeries performed were modified radical mastec-
tomy (MRM) in 172 cases (79.3%), breast-conserving surgery
in 43 cases (19.8%), and simple mastectomy in 2 cases (0.9%).
Axillary dissections were performed with all breast-con-
serving surgeries except one case. The tumor sizes varied
from 1 to 10 cm. Cases with multiple tumors were inter-
preted based on the largest tumor size. Thirty-two (14.7%)
cases showed MF/MC and 4 (1.8%) cases had bilateral
tumors. Positive lymph nodes were detected in 129 (59.4%)
and negative in 84 (38.7%) cases. Lymph node status could
not be assessed (unknown) in 2 cases with simple mastec-
tomy, 1 case with MRM, and 1 case with breast-conserving
surgery.

The 217 BC cases were grouped according to the ER, PR
and HER2 expression as follows: 151 luminal A (69.6%), 22
luminal B (10.1%), 24 HER2 type (11.1%), and 20 TNBC cases
(9.2%). The clinicopathological characteristics of the patients
and tumors are summarized in Table 1.

The follow-up periods were available for 196/217 patients
and ranged from 4 to 178 months. During this period,
52 (26.5%) cases developed recurrence and 19 (9.7%) died. The
time of recurrence was unknown in 1 case. The earliest recur-
rence developed in 3 months. The earliest death occurred in

7 months.

Association between ALDH1 expression and
clinicopathological parameters

ALDH1 positivity was observed in 40 (18.4%) of 217 cases
(Figure 1), and all ALDHi-positive (ALDH1+) tumors were
from female patients. ALDH1 expression was not correlated
with the patient age (p = 0.252).

There was a significant association between ALDH1

expression and tumor grade (p < 0.001). The expression of

ALDH1 was increased in relation to the tumor grade; ALDH1
positivity ratios were 4.8%, 11.3% and 38.1% in grade I, 1T and

TABLE 1. Clinicopathological characteristics of breast cancer patients

Parameter Patients (n) (%)
Age (years)

<50 91 419

>50 126 58.1
Sex

Female 212 97.7

Male 5 23
Type of surgery

Breast-conserving surgery 43 198

Modified radical mastectomy 172 79.3

Simple mastectomy 2 09
Laterality

Right 101 46.6

Left 112 51.6

Bilateral 4 1.8
MEF/MC

Present 32 14.7

Absent 185 85.3
Tumor size (cm)

<2 82 37.8

2-5 108 49.8

>5 27 12.4
Histological subtype

Invasive ductal carcinoma, NOS 175 80.5

Invasive lobular carcinoma 17 7.8

Mixed ductal and lobular carcinoma 8 3.6

Mucinous carcinoma 5 23

Tubular carcinoma 1 0.5

Cribriform carcinoma 1 0.5

Medullary carcinoma 1 0.5

Invasive papillary carcinoma 1 0.5

Invasive micropapillary carcinoma 1 0.5

Metaplastic carcinoma with chondroid 1 05

differentiation

Squamous cell carcinoma 5

Invasive apocrine carcinoma 1 0.5
Histological grade

I 21 9.7

1 133 61.3

I 63 29.0
Lymphovascular invasion

Present 155 714

Absent 62 28.6
Number of metastatic lymph nodes

0 84 38.7

1-3 66 30.4

4-9 41 189

>10 22 10.1

Unknown 4 19
Local recurrence or distant metastasis

Present 52 24.0

Absent 144 66.3

Unknown 21 97
ER

Positive 154 71.0

Negative 63 29.0
PR

Positive 145 66.8

Negative 72 332
HER2

Positive 46 212

Negative 171 788
Molecular subtypes

Luminal A 151 69.6

Luminal B 22 10.1

HER?2 type 24 11.1

TNBC 20 9.2

MF/MC: Multifocality/multicentricity; NOS: Not otherwise specified;
ER: Estrogen receptor; PR: Progesterone receptor; HER2: Human epider-
mal growth factor receptor 2; TNBC: Triple-negative breast cancer.
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[1I tumors, respectively. However, ALDH1 expression was not
associated with MF/MC (p = 0.349), tumor size (p = 0.156),
and LVI (p = 0.543).

For statistical analysis, 4 cases with unknown lymph node
status were ignored and, due to the small number of patients,
the remaining 213 cases were divided into groups with positive
and negative lymph node status. No significant association
was observed between the lymph node status and ALDH1
positivity (p = 0.424).

The histological type of 35/40 ALDH1+ cases was invasive
ductal carcinoma (IDC). The remaining cases were 1 invasive
lobular carcinoma (ILC), 1 mixed IDC and ILC, 1 cribriform
carcinoma, 1 medullary carcinoma, and 1 metaplastic carci-
noma [squamous cell carcinoma] (Table 2).

Association of ALDH1 expression with ER, PR,
HER?2 expression and molecular subtypes of BC

ALDH1 expression was statistically associated with ER
negativity (p < 0.001), PR negativity (p < 0.001) and HER2
positivity (p = 0.001). ALDH1 expression ratios were higher
in ER- and PR- (34.9% and 33.3%) compared to ER+ and PR+
tumors (11.7% and 11.0%, respectively). In contrast, ALDH1
expression ratios were higher in HER2+ (34.8%) compared to
HER2- tumors [14.0%] (Table 2).

ALDHx1 expression ratios in each molecular subtype of BC
were as follows: 10.6%, 31.8%, 37.5%, 40.0% in luminal A, luminal
B, HER2 type and TNBC, respectively. Apparently, ALDH1
expression was higher in HER2 type and TNBC compared

to luminal A and luminal B types. The majority of luminal A
cases (89.4%) were ALDH1- and there was significantly more
ALDHz1- cases in luminal A subtype compared to the number
of ALDH1- cases in other BC molecular subtypes (p < 0.001).

Association between ALDH1 expression and
survival outcomes

The OS rate was 85.3% and 91.4% in ALDHi+ and
ALDHi1- groups, respectively. However, there was no stat-
ically significant difference between the groups (log rank =
1.251, p = 0.263). The DFS rate was 70.6% and 74.1% in ALDH1+
and ALDH1- cases, respectively, with no significant difference
between the groups [log rank = 0.437, p = 0.508] (Figure 2).

DISCUSSION

Recently, a growing number of studies have been inves-
tigating the clinicopathological and prognostic value of CSC
marker ALDH1 in BC. Most of those studies showed that
ALDH1 expression was associated with poor prognostic
parameters and worse clinical outcome in BC patients [3,7-11].
In this study, we immunohistochemically evaluated ALDH1
expression in a series of 217 invasive breast carcinomas and
analyzed the correlation between ALDH1 expression and clin-
icopathological parameters, molecular subtypes of BC, and
patient survival.

We grouped 217 cases according to the age (<50 and
>50 years old) and found no significant difference in ALDH1
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TABLE 2. Analysis of ALDH1 expression in relation to
clinicopathological parameters of breast cancer patients

ALDH1
Parameter Positive  Negative Total  pvalue™
n % n % n %
Age (years)
<50 20 220 71 780 91 419 0252
>50 20 159 106 84.1 126 581
MF/MC
Present 4 125 28 875 32 147 0349
Absent 36 195 149 805 185 853
Tumor size (cm)
<2 10 122 72 878 82 378 0156
2-5 23 213 8 797 108 498 -
>5 7 259 20 741 27 124
Histological grade
I 1 48 20 952 21 97
i 15 13 118 887 133 613 0!
111 24 381 39 619 63 290
Lymphovascular invasion
Present 27 174 128 826 155 714  0.543
Absent 13 210 49 790 62 286
Lymph node status*
Positive 22 171 107 829 129 606 0424
Negative 18 214 66 786 84 394
ER
Positive 18 117 136 883 154 710 <0.001
Negative 22 349 41 651 63 290
PR
Positive 16 110 129 890 145 66.8 <0.001
Negative 24 333 48 0667 72 332
HER2
Positive 16 348 30 652 46 212 0001
Negative 24 140 147 86.0 171 788
Molecular subtypes
Luminal A 16 106 135 894 151 696
Luminal B 7 318 15 692 22 101 <0.001
HER?2 type 9 375 15 625 24 111
TNBC 8 400 12 600 20 92

ALDH1: Aldehyde dehydrogenase 1; MF/MC: Multifocality/multi-
centricity; NOS: Not otherwise specified; ER: Estrogen receptor; PR:
Progesterone receptor; HER2: Human epidermal growth factor receptor
2; TNBC: Triple-negative breast cancer. *For statistical analysis, 4 cases
with unknown lymph node status were ignored and, due to the low
number of cases, the remaining 213 cases were divided into two groups
according to lymph node status. **p<0.05 was considered statistically
significant. ***p for trend.

expression between the two groups. Five out of 217 BC
patients were male and all of them were negative for ALDH1
expression. Similarly, in a meta-analysis including 21 studies
on the relationship between ALDH1 expression and clinical
pathological features of BC patients, no significant correlation
between ALDH1 expression and patient age was observed [9].

When we analyzed ALDH1+ cases in terms of histological
types of BC, most of ALDH1+ tumors (35/50) were IDC. The
remaining cases were ILC, mixed IDC and ILC, cribriform,
medullary or metaplastic carcinoma. Only 1 out of 5 metaplas-
tic carcinoma, a type which is known to have poor prognosis,
was ALDHi1+.

Pan et al. [8] showed a lower rate of ALDH1 expression
in cases with DC in situ (DCIS) and a higher in patients with

invasive cancer without extensive intraductal component

(EIC). Notably, in the same tumor, the rate of ALDH1 expres-
sion was higher in the invasive component than in the in situ
component. Also, in their study, ALDH1+ invasive BCs were
significantly more likely to have large tumor size, high grade,
and high Ki67 expression [8].

In a meta-analysis covering 921 ALDH1A1+ BC cases
and 2353 controls (ALDH1A1-) [7], in the overall sample,
higher ALDH1A1 expression was associated with larger
tumor size, higher histological grade, increased likelihood
of LNM, higher HER2, and lower ER and PR expression.
Also, the prognosis of ALDH1A1+ patients was poorer
compared to ALDH1A1- group [7]. Another meta-analysis
showed significant association (pooled analysis) of ALDH1
expression with histological grade, ER expression and PR
expression in BC, however, not with the tumor size, LNM,
LVI, and HER2 expression [9]. Kida et al. indicated that
in their group of invasive BC specimens ALDH1 expres-
sion significantly correlated with larger tumor size, node
metastasis, higher nuclear grade, and with HER2+ and PR/
ER- subtypes [10].

Comparably, we showed a significant association between
ALDH1 expression and the tumor grade (p < 0.001). The
ALDH1 positivity ratios were 4.8%, 11.3% and 38.1% in grade I,
I and III tumors, respectively. On the contrary, we did not
observe a significant difference in ALDH1 expression in
relation to the tumor size, i.e. between the tumors of <2 c¢m,
2—5cm, and >5 cm in size. There was also no significant associ-
ation between ALDH1 expression and MF/MC. Nevertheless,
consistently with the previous studies [7,10], ALDH1 expres-
sion in our sample was significantly associated with ER nega-
tivity (p < 0.001), PR negativity (p < 0.001) and HER2 positivity
(p =0.001).

Some authors reported a significant correlation between
ALDH1 expression and axillary lymph node metastasis in
BC [7,10]. Moreover, in a study that included only ER+/
HER2- breast carcinomas, ALDH1 expression was signifi-
cantly associated with LNM in the group of patients with early
recurrences [19]. Due to the small number of ALDH1+ cases
in our study, we only compared ALDH1 expression between
positive and negative lymph node status, and did not observe
significant difference between the two groups. Similarly, we
did not find any association between ALDH1 expression and
LVL

Kim et al. reported that ALDH1, as well as CDi33,
expression correlated significantly with nonluminal subtype
and TNBC [3]. In the study of Kida et al. [10] the percent-
age of ALDH1+ cells was significantly higher in TNBC and
HER2 type compared to luminal and luminal-HER2 type.
Moreover, they reported that ALDH1 expression signifi-
cantly affected the prognosis of luminal types, but not that
of TNBC and HER2 type [10]. In the study which included
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FIGURE 2. Overall survival [OS] (A) and disease free survival [DFS] (B) in aldehyde dehydrogenase 1 (ALDH1) positive and negative cases.
The OS and DFS were shorter in ALDHT+ tumors, although without statistical significance.

only ER+/HER2- BC types, ALDH1 expression was signifi-
cantly higher in the early recurrence group compared to
the group without recurrence [19]. We compared the ratios
of ALDH1 expression in each molecular subtype of BC
and observed that ALDH1 expression was higher in HER2
type and TNBC (37.5% and 40.0%, respectively) compared
to luminal A and luminal B types (10.6% and 31.8%, respec-
tively). The majority of our cases (69.6%) were luminal A
and 89.4% of them showed ALDH1 negativity. There was
significantly more ALDH1- cases in luminal A subtype com-
pared to the number of ALDH1- cases in other BC molecu-
lar subtypes (p < 0.001).

In two studies investigating the clinical significance of
ALDH1 expression in TNBC, ALDH1 expression was cor-
related with shorter RFS [12,20] and OS [12], and in both
studies ALDH1 expression was an independent prognos-
tic indicator according to multivariate analysis. In our study
69.6% of cases were luminal A. The OS rate was 85.3% and
91.4%; DFS rate was 70.6% and 74.1%, respectively, in ALDH1+
and ALDHi- groups. However, the difference was not sta-
tistically significant (OS: log rank = 1.251, p = 0.263; DFS: log
rank = 0.437, p = 0.508), and this might be related to the small
sample size and lower occurrence of deaths during the fol-
low-up period.

A limitation of our study is that, due to the nature of
TMA technique, immunohistochemical staining was per-
formed only in small (millimetric) areas of tumors. Thus,
ALDH1 staining was considered positive based only on a
positive cytoplasmic reaction and regardless of the extent
or intensity of staining. Furthermore, ALDH1+ tumor
areas could have been missed during the sampling and,
therefore, some cases may have been mistakenly assessed
as ALDH1-. Larger sample size is necessary for more accu-
rate evaluation of ALDH1 expression in different types/

subtypes of BC.

CONCLUSION

Overall, our results on 217 invasive BCs indicate that
ALDH1 is an important, poor prognostic factor associated
with high histological grade, ER/PR negativity and HER2 pos-
itivity. We observed a significant correlation between luminal
A subtype and ALDH1 negativity. ALDH1 expression also
effected the patient survival in our sample, although without
statistical significance. For more accurate and comprehensive
results, the prognostic value of ALDH1, especially in invasive
breast carcinomas, should be further studied in larger case

series.
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