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Abstract

Background: Breast cancer is a major public health concern due to its high incidence worldwide. Globally, it is
considered the most common cancer to be diagnosed and one of the main causes for cancer deaths in women. Breast
cancer stem cells (BCSCs) are the leading cause of adverse clinical outcomes and resistance to therapeutic agents
because of their great capacity for self-renewal and differentiation. Aldehyde dehydrogenasel A1 (ALDH1AT1)
belongs to the aldehyde dehydrogenase (ALDH) superfamily of enzymes. It is one of the most important markers
for cancer stem cells (CSCs). Its expression level in tumor cells is higher than in normal tissues. Recently, it
has been widely investigated as a potential prognostic factor and therapeutic target. Objectives: The purpose
of this study was to assess the prognostic value of ALDHI1A1 expression in invasive mammary carcinoma by
correlating its expression to various clinicopathological characteristics and molecular subtypes and highlight the
relationship between ALDH1A1 expression and tumor-infiltrating lymphocytes (TILs). Methods: Seventy-two
samples of invasive mammary carcinoma were retrieved from the archive of the Pathology Laboratory, Sohag
University Hospital; of which 70 were of ductal origin and only 2 were of lobular origin, which were excluded
from statistical analysis and discussed separately. Inmunohistochemical (IHC) expression of ALDHI1A1 was
evaluated using an anti-human ALDH1A1 antibody. To elucidate the prognostic value of ALDHI1AL in breast
cancer, its expression was statistically correlated with the available clinicopathological data. Results: This study
revealed positive ALDHI1A1 expression in 54.3% of mammary invasive ductal carcinoma (IDC) specimens.
ALDHI1A1 up-regulation was significantly positively correlated with poor prognostic indicators, including
larger tumor size (p= 0.007), high grade (p= 0.001), advanced stage (p< 0.001), poor Nottingham Prognostic
Index (NPI) (p= 0.01), lymphovascular invasion (LVI) (p= 0.03), lymph node metastasis (LNM) (p=0.04), and
a triple negative phenotype (p<0.001). Moreover, we observed that tumors with positive ALDH1A1 expression
exhibited higher levels of TILs with a statistically significant correlation (p= 0.001). Conclusion: The current
study revealed that ALDH1A1 up-regulation in invasive breast carcinoma is linked to aggressive behavior and
different unfavorable prognostic indicators. It could be useful as a promising potential prognostic biomarker,
serving as a prospective target for anti-cancer therapy.
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Introduction

Breast cancer is a serious public health problem.  30% of all female cancers worldwide, and it is a leading
According to Global Burden of Cancer (GLOBOCAN)  cause of mortality in females globally, ranking the most
statistics for 2022, it accounts for approximately 11.6%  frequent for incidence and mortality in most countries [1].
of all cancers and 6.9% of all deaths. It represents about ~ Breast cancer is the most prevalent cancer among Egyptian
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females; it ranks first in incidence and second in deaths,
accounting for about 35% of all cancer cases [2].

Breast cancer represents a heterogeneous group
of neoplasms with varying histopathology, behavior,
prognosis, and response to treatment. Despite diagnostic
and therapeutic advances in breast cancer, the clinical
outcome for patients with breast cancer is still unsatisfactory
due to relapse, metastasis, or resistance to chemotherapy
[3]. Certain molecular subtypes, triple negative breast
cancer (TNBC) and human epidermal growth factor
receptor 2 positive (HER2+), have been linked to a more
immunogenic tumor microenvironment, with a higher
levels of immune cells like TILs [4], and associated with
the activation of several signaling pathways including
programmed death 1/programmed death ligand 1 (PD-1/
PD-L1) pathway [5]. According to previous studies; a
higher level of TILs and PD-L1 positive expression are
associated with improved pathologic complete response
(pCR) and better survival rates in breast cancer patients
[6].

Cancer stem cells (CSCs) are a subpopulation of
cancer cells that share some properties with normal stem
cells, such as the ability to proliferate and self-renew.
They play a critical role in tumor development and
progression. CSCs also contribute to tumor heterogeneity
and dissemination. Furthermore, CSCs are hypothesized
to be more resistant to radiotherapy and chemotherapy,
resulting in relapse following the treatment. By identifying
and characterizing CSCs, targeted therapeutic agents
against these aggressive cells may be developed, leading
to increased efficacy of anticancer drugs and improved
outcomes [7]. According to previous reports, breast cancer
stem cells (BCSCs) express more pro-invasive genes and
have highly invasive characteristics [8].

Several genes and biomarkers have been reported
to be correlated with BCSCs. Among these biomarkers
is aldehyde dehydrogenase 1 (ALDH1), which belongs
to the ALDH superfamily of enzymes. It is primarily
located on chromosome 9q21. It is found mainly in
the cytoplasm of liver cells, where it functions as
an isoenzyme of acetaldehyde dehydrogenase. It is
responsible for the conversion of acetaldehyde to harmless
acetic acids through oxidation [9]. ALDHI1 has a critical
role in many cellular biological processes, including
cell differentiation and resistance to chemotherapy and
radiotherapy. Furthermore, clinical studies reported a
positive correlation between tumor progression and high
expression of the ALDHI1 gene signature. Additionally,
recent studies have reported that ALDHI may be used
as a stem cell marker for a variety of solid tumors.
Overexpressed ALDH1 in CSCs has been reported to
promote tumor progression, metastasis, immune escape,
and resistance to anti-cancer therapeutic agents [10].

ALDHI comprises three main isotypes, including
ALDHI1A1,ALDH1A2, and ALDH1A3. It was observed
that ALDHI activation depends mainly on ALDHIAI,
which is hypothesized to be the main isozyme of ALDH1.
ALDHIAL is responsible for the oxidation of retinaldehyde
to retinoic acid. It controls the expression of the genes
involved in the maintenance of CSCs characteristics
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and hence promotes tumor growth and drug resistance.
Recent studies have shown that a high level of ALDH1ALI
is associated with an unfavorable prognosis. Many
therapeutic agents have been developed against CSCs by
targeting ALDHI1AT1 [11]. Significantly, ALDH1AT1 has
been implicated in reducing intracellular pH in breast
cancer cells, inhibiting antitumor immune response, and
promoting the breast cancer progression. This emphasizes
its potential as an immunotherapy synergistic target [12].
This study was designed to evaluate ALDH1 A1 expression
status in invasive mammary carcinoma, correlating such
expression with the different clinicopathological features
of the included cases, focusing on its correlation to the
level of TILs to clarify its potential prognostic role.

Materials and Methods

Clinical data and specimens’ collection

A retrospective study was conducted on 72 samples
of invasive mammary carcinoma. Paraffin tissue blocks
were retrieved from the archived material at the Pathology
Laboratory at Sohag University Hospital over the last
five years. In accordance with local ethical guidelines,
the patients underwent modified radical mastectomy or
breast-conserving surgery at the Department of General
Surgery at the same hospital, and the specimens were
referred to the Pathology Laboratory. After receiving the
acceptance of the Sohag University Faculty of Medicine’s
Medical Research Ethics Committee, we selected 72
paraffin tissue blocks that fulfill the inclusion criteria.
Two tissue sections were prepared from each tissue block
and processed for staining with hematoxylin and eosin
(H&E) stain and an immunostain using an anti-human
ALDHI1AL antibody. Sections stained with H&E stain
were reexamined to confirm the diagnosis and reevaluate
the histological parameters, including histological subtype,
degree of differentiation, LVI, and perineural invasion.
The pathological stage was also assessed whenever
possible using the eighth edition of the American Joint
Committee on Cancer (AJCC) Tumor-Node-Metastasis
(TNM) staging system. Based on the AJCC staging
system, tumors were divided into three groups according
to their size: T1<2cm, T2 >2 and <5 ¢m, and T3 >5 cm
[13]. The hospital records of the patients were the source
of the clinical information for the selected specimens.
Additionally, reports about the expression of estrogen
receptors (ER), progesterone receptors (PR), and HER2,
as well as Ki67 index, were also available and included.
Ki67 staining was classified as low or high based on a
14% level [14]. The molecular subtype for each case was
defined based on ER, PR, Her2, and Ki-67 [15].

Nottingham Prognostic Index (NPI) was calculated
using the following formula: NPI = tumor size (cm) x
(0.2) + lymph node stage (1, 2, or 3) + histological grade
(1, 2, or 3). According to this index, cases were divided
into three categories as follows: good prognosis (a score
of < 3.4), moderate prognosis (a score of 3.41-5.4), and
poor prognosis (a score of > 5.4) [16].

Tumor infiltrating lymphocytes (TILs)
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The percentage of the stromal TILs was evaluated
according to the international TIL Working Group
Consensus guidelines, and defined as the area occupied
by mononuclear inflammatory cells over the total
intra-tumoral stromal area. According to the predefined
criteria, it is scored as low and high, where > 50%
indicates a high level [17].

Inclusion and exclusion criteria

The selection of specimens is based mainly on the
availability of clinical data and adequate tissue material
suitable for IHC. Specimens with pre-operative chemo
or radiotherapy, insufficient clinical data, and those with
insufficient tissue material or extensive tissue necrosis
were excluded.

Ethical statement

Under IRB registration number: Soh-Med-23-09-
21PD; this study was granted approval by the Sohag
University Ethics Committee and conducted in accordance
with its guidelines.

Immunohistochemical staining

For the immunostaining procedure, tissue sections of
4um thick were prepared from each specimen, mounted
on positive-charged glass slides, and incubated overnight
at room temperature to ensure that the tissues adhered
correctly to the slides. The sections were deparaffinized
by immersion in two changes of xylol (10 minutes each),
followed by rehydration in ethyl alcohol using series
of descending concentrations. Endogenous peroxidase
activity was blocked by applying 3% hydrogen peroxide
(H202) for 15 minutes at room temperature, followed by
two washes in phosphate buffer solution (PBS). 15 minutes
of boiling in a sodium citrate buffer (pH 6), divided into
3 cycles, was used to retrieve the antigen. The buffer
level was checked, and buffer was added if necessary to
prevent sections from drying out. The sections were rinsed
in distilled water, then in PBS for 5 minutes. 10% normal
goat serum was used for 10 minutes, to prevent the non-
specific protein binding. Following washing twice in PBS,
tissue sections were incubated overnight with the primary
anti-ALDH1A1 recombinant rabbit monoclonal antibody
(BLRO89G) at a dilution of 1/200 (Catalog# MA5-44369,
ThermoFisher SCIENTIFIC Corporation, Fremont,
USA). Tissue slices were treated with a biotinylated goat
secondary antibody at room temperature for half an hour
after being washed in PBS. Following this, the tissue
sections were rinsed twice in PBS. After 10 minutes of
streptavidin peroxidase incubation, Two PBS washes were
performed on tissue sections. Finally, diaminobenizidine
(DAB) chromogen was prepared by combining substrate
with DAB chromogen at a ratio of 1:25. Each tissue
section received fifty microlitres, which were then left to
incubate at room temperature until the positive control
began to exhibit staining. After that, distilled water was
used to rinse the sections. Tissue sections were rinsed
in Mayer’s hematoxylin stain for 30 seconds, and then,
to remove extra dye, immediately rinsed with tap water.
Using up-graded dilutions of alcohol, tissue sections were
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dehydrated. After two changes of xylol (two minutes
each), the slides were cleaned, and DPX was used to mount
cover slips to each slide.

Positive and negative controls

To ensure the specificity of the ALDHIA1 antibody;
positive and negative controls were included in each
staining run. A section of invasive ductal carcinoma of the
breast, known to be positive for ALDHI1A1, was used as
a positive control as recommended by the manufacturer.
Negative controls were prepared by omitting the primary
antibody from the steps of immunostaining.

Evaluation of ALDHIAI immunostaining

Using an Olympus light microscope, semi-quantitative
evaluation of ALDHIAI] immunostaining in tumor
cells was done by two pathologists blinded to the
clinicopathological data. The cytoplasmic staining of
tumor cells was considered positive, and staining within
necrotic foci was ignored. The percentage of positive
tumor cells as well as the intensity of staining was
scored. The percentage of positive cells ranged from an
undetectable level (0%), to homogeneous staining (100%).
The staining intensity was scored on a scale ranging from
0-3 as follows: (score 0= no stain, 1= weak, 2= moderate
and 3= strong staining). The final score was obtained using
the Quick score (Q), which is calculated by multiplying the
percentage of positive cells by the intensity score. The final
score ranged from 0-300. For statistical purposes and due
to the relatively large number of positive cases, the final
scores were subdivided into 2 groups: negative expression
(score <10) and positive expression (score >10) [18].

Statistical analysis

The findings were tabulated and statistically analyzed
using the Statistical Software Package for Social
Science version 26 for Windows (SPSS26, Chicago, IL,
USA). Mean, median, and range were used to portray
quantitative data while number and percentage were
used for qualitative data. The expression rate between the
categories was compared using the Chi square test (y2)
or the Fisher’s exact test whenever indicated. Statistical
significance was determined if P<0.05.

Results

Patients’ characteristics

The current study included 72 specimens of invasive
mammary carcinoma, of which 70 were of ductal origin
and only 2 were of lobular origin, which were excluded
from statistical analysis and discussed separately.
Regarding IDC cases, the patients’ ages ranged from 25 to
72 years, with a mean +SD of 49.4 +9.1 and a median of
50 years. The patients were grouped into two age groups:
the first age group includes patients who were <50 years
old, and the second group includes patients who were
>50 years old.

The specimens were surgically removed either
by modified radical mastectomy in 54 (77.1%) cases
or breast-conserving surgery in 16 (22.9%) cases.
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Table 1. The Clinical Data of the Included IDC Cases

Variable No. of cases (%)
Age/ Year
Range 25-72 years.
Mean £SD 49.4 +9.1
Menopausal status
Premenopausal 28 (40)
Postmenopausal 42 (60)
Tumor size/cm.
Range 1-10 cm.
Mean £SD 5.9+2.6
Laterality
Right breast 29 (41.4)
Left breast 41 (58.6)

The resected tumors ranged in size from 1 to 10 cm, with a
mean £SD and a median of 5.9 +2.6 and 5.5, respectively.
Tumor size was <2cm in 9 (12.9%) specimens, >2 and
<5 cm in 26 (37.1%) specimens, and >5 cm in 35 (50%)
specimens. The clinical data for the included IDC patients
was displayed in Table 1.

Different histologic subtypes were included, the
tumors were classified histologically as infiltrating ductal
carcinoma of no specific type (IDC-NST) in 59 (84.3%)
and rare special subtypes in 11 (15.7%), including
mucinous, mixed ductal/lobular, micropapillary, tubular,
cribriform, and metaplastic carcinomas in 3, 2, 2, 2, 1,
and 1 case, respectively.

Among the investigated cases, 8 (11.4%) were
classified as grade I, 40 (57.1%) as grade II, and 22
(31.4%) as grade III. According to the TNM staging
system of the AJCC (8" edition), 17 (24.3%) cases were
stage I, 34 (48.6%) cases were stage 11, and 19 (27.1%)
cases were stage III. LVI and metastatic spread to the
axillary lymph nodes were detected in 38 (54.3%) and 36
(51.4%) of the included cases, respectively.

Upon categorizing the examined cases based on
NPI, most of the studied patients (35.7%) were among
the moderate prognostic index group, followed by the
good prognostic index group (32.9%), and the smallest
percentage was in the poor prognosis index group
(31.4%).

The investigated cases were classified according to the
molecular subtype as follows: 26 (37.1%) of cases were
luminal A, 19 (27.1%) were luminal B, 11 (15.7%) were
Her2 type and 14 (20%) had a triple negative phenotype.
The histopathological features of the included IDC
patients were displayed in Table 2.

Immunohistochemical expression of ALDHIAI

Positive cytoplasmic ALDH1A1 expression (score
>10) was detected within the tumor cells in 38 (54.3%)
of cases, while 32 (45.7%) cases were scored as negative
(score <10). (Figure 1) showed different expression levels
of ALDH1AL.

Noha ED Hassab El-Naby, et al: ALDH1A1 as a Stem Cell Marker and its Correlation with the Clinico-pathological

Table 2. Histopathological Findings of the Include IDC
Cases

Variable No. of cases  Percentage
Histological variant

IDC-NST 59 84.30

Rare special subtypes 11 15.70
Histologic grade

Grade [ 8 11.40

Grade II 40 57.10

Grade IIT 22 31.40
Tumor size

T1(<2cm) 9 12.90

T2 (>2 and <5 cm) 26 37.10

T3 (>5cm) 35 50
Lymph node status

NO (0) 34 48.60

NI (1-3) 14 20

N2 (4-9) 12 17.10

N3 (>9) 10 14.30
AJCC stage

I 17 24.30

I 34 48.60

11 19 27.10
NPI

Good 23 32.90

Moderate 25 35.70

Poor 22 31.40
LVI

Present 38 54.30

Absent 32 45.70
TILs

High 32 45.70

Low 38 54.30
ER

Positive 45 64.30

Negative 25 35.70
PR

Positive 43 61.40

Negative 27 38.60
HER2/neu

Positive 19 27.10

Negative 51 72.90
Ki-67

Low 28 40

High 42 60
Molecular subtypes

Luminal A 26 37.10

Luminal B 19 27.10

Her2+ 11 15.70

TNBC 14 20
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Table 3. Statistical Analysis of ALDH1A1 Expression in
Relation to the Clinical Characteristics

Clinical ALDHI1A1 expression (%) P value
Parameters Negative Positive
N=32 N=38
Age/ Year
<50 16 (50) 15 (39.5) 0.377
>50 16 (50) 23 (60.5)
Menopausal status
Premenopausal 15 (46.9) 13 (34.2) 0.281
Postmenopausal 17 (53.1) 25 (65.8)
Laterality
Right breast 15 (46.9) 14 (36.8) 0.396
Left breast 17 (53.1) 24 (63.2)

Correlation of ALDHIAI expression in tumor cells with
clinicopathological parameters

The immunohistochemical expression of ALDHIA1
within the tumor cells was correlated with the available
clinicopathological data. According to the statistical
analysis, Positive ALDH1A1 expression was significantly
correlated with larger tumor size (p = 0.007), less
differentiated tumors (p = 0.001), advanced stage
(p < 0.001), and poor NPI (p = 0.01). Moreover, we
observed that tumors with positive ALDH1A1 expression
exhibited higher levels of TILs with a statistically
significant correlation (p= 0.001).

A highly significant inverse correlation was noted
between ALDH1A1 expression and ER and PR positivity
(P<0.001), while ALDHIA1 expression was directly
correlated with Her2/neu positivity (P=0.01). The rate
of ALDHI1AT1 positivity varies significantly among the
different molecular subtypes (p<0.001). The highest
expression rate was observed in the triple negative
phenotype (31.5%), followed by the Her2-enriched
subtype (26.3%).

The correlation of ALDHIA1 expression with the
invasive potential of tumor cells was also assessed. Its
expression was shown to have a statistically significant
positive correlation with the presence of lymphovascular
tumor emboli (p=0.03) and LNM (p=0.04).

However, there was no statistically significant
difference found when ALDHI1A1 expression was
analyzed in relation to patients’ age, menopause status,
tumor laterality, and histologic subtype. Table (3)
& (4) showed the statistical analysis of ALDHI1A1
expression in relation to the clinical and histopathological
characteristics.

The two studied cases of infiltrating lobular carcinoma
(ILC) were aged 45 and 53 years old. The sizes of their
tumors were 3cm and Scm in the largest diameter.
Axillary lymph nodes were involved by the tumor in
both cases. No available information about distant
metastasis. Histologically, the two cases were classical
ILC. ALDH1A1 expression was negative in both cases
(Figure 1G).
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Table 4. Statistical Analysis of ALDH1A1 Expression in
Relation to the Histopathological Features

Histopathological ALDHIAL expression
(%)
parameters Negative Positive P
value
N=32 N=38
Histological variant
IDC-NST 27 (84.4) 32(84.2) 0.178
Rare special subtypes 5(15.6) 6 (15.8)
Histologic grade
Grade I 7(21.9) 1(2.6)
Grade 11 21 (65.6) 19 (50) 0.001
Grade III 4(12.5) 18 (47.4)
Tumor size
T1(<2cm) 8(25) 1(2.6) 0.007
T2 (>2 and <5 cm) 13 (40.6) 13 (34.2)
T3 (>5cm) 11 (34.4) 24 (63.2)
Lymph node status
NO (0) 20 (62.5) 14 (36.8) 0.04
N1 (1-3) 7(21.9) 7(18.4)
N2 (4-9) 4(12.5) 8 (21.1)
N3 (>9) 1(3.1) 9(23.7)
AJCC stage
I 14 (43.8) 3(7.9)
1I 16 (50) 18 (47.4) <0.001
111 2(6.2) 17 (44.7)
NPI
Good 16 (50) 7(18.4) 0.01
Moderate 10 (31.3) 15 (39.5)
Poor 6(18.7) 16 (42.1)
LVI
Present 13 (40.6) 25 (65.8) 0.03
Absent 19 (59.4) 13 (34.2)
TILs
High 8(25) 24 (63.2) 0.001
Low 24 (75) 14 (36.8)
ER
Positive 29 (90.6) 16 (42.1) <0.001
Negative 3(94) 22 (57.9)
PR
Positive 28 (87.5) 15 (39.5) <0.001
Negative 4(12.5) 23 (60.5)
HER2
Positive 4(12.5) 15 (39.5) 0.01
Negative 28 (87.5) 23 (60.5)
Ki67
Low 18 (56.3) 10 (26.3)
High 14 (43.7) 28 (73.7) 0.01
Molecular subtypes
Luminal A 18 (56.3) 8 (21.1) <0.001
Luminal B 11 (34.4) 8 (21.1)
Her?2 type 1(3.1%) 10 (26.3%)
TNBC 2 (6.2%) 12 (31.5%)

P value is calculated by Pearson Chi-Square test or the Fisher’s exact
test whenever indicated, P<0.05 is considered significant.
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Figure 1. (A) Poorly differentiated IDC-NST (H & E X200), (B) High positive cytoplasmic expression of ALDHI1A1
in poorly differentiated IDC-NST (IHC, X200), (C) Positive ALDH1A1 expression in moderately differentiated
IDC-NST (IHC, X200), (D) Negative ALDH1A1 expression in well-differentiated IDC-NST with low level of TILs
(IHC, X200); (E) Positive ALDH1A1 expression in well-differentiated IDC-NST with high level of TILs (IHC, X200);
(F) Negative ALDH1A1 expression in histologically normal breast tissue (IHC, X200); (G) Negative ALDH1AL1

expression in invasive lobular carcinoma (IHC, X200).

Discussion

Breast cancer remains a life-threatening malignant
tumor in females worldwide, despite the advances in breast
cancer therapy [1]. ALDHI has been widely investigated
due to its strong CSC properties; it has been identified as
a putative marker for BCSCs. It plays a crucial role in
tumor progression and spread. Emerging evidence reports
that ALDH1 may serve as a diagnostic and therapeutic
target for CSC in various solid tumors, such as breast
cancer, colorectal cancer, and ovarian cancer, providing
new insights and new strategies for effective anti-cancer
treatment [9].

Many studies have been conducted recently to evaluate
the clinicopathological and prognostic significance
of ALDHIAI in various human tumors. Although
several previous studies have addressed the relationship
between ALDH1A1 expression and clinicopathological
characteristics to clarify its prognostic value in breast

cancer, its role in breast cancer outcomes remains
controversial [19].

In this study, we detected positive ALDHIAI
expression within tumor cells in 54.3% of cases. It was
rarely expressed in adjacent histologically normal breast
tissues. This finding was similar to the results recorded
by Sarker et al. (2018), where ALDHI1A1 expression
was observed in 54.6% of cases [20]. However, Pan et
al. (2015) detected positive ALDH1A1 in 93% of cases
[21]. These variations in expression may be explained by
differences in cutoff points and sample size.

Correlating IHC expression of ALDH1A1 with the
available clinicopathological parameters, we found that
its expression was significantly correlated with larger
tumor size, poorly differentiated tumors, advanced T
stage, and N stage. These findings is in line with prior
study conducted by Abd El-Fattah et al. (2019), who
concluded that ALDH1A1 expression in IDC was more
frequent in larger tumors, higher grades, and advanced
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TNM stage [22]. Additionally, previous studies by Pan et
al. (2015) and Liu et al. (2013) reported that ALDH1A1
positive expression was more frequently observed in
large-sized and higher-grade tumors [21, 23]. On the other
hand, Ma and his colleague demonstrated that ALDH1A1
immunoreactivity was considerably related to increased
tumor size and advanced TNM staging [18]. Also,
Althobiti and his colleague concluded that ALDH1A1
positivity was significantly associated with high-grade
tumors, advanced stages, and LNM. Moreover, consistent
with our findings, their study demonstrated that there was
a significant correlation between ALDH1A1 and NPI [24].

Furthermore, we detected that ALDHI1AT positive
cases were significantly more likely to be associated
with lymphovascular tumor emboli. A similar finding
was reported by Althobiti and his colleague, who found
a significant positive correlation between ALDH1A1 and
LVI [24]. In contrast, Demir et al., (2018) and Farrag et
al. (2022) reported that there was no association between
ALDHI1AT1 expression and LVI [25, 26].

Positive ALDH1A1 expression showed a significant
correlation to high levels of TILs. Our findings were in
agreement with those of Lopez Flores and his colleagues,
who demonstrated that positive ALDHIA1 expression in
breast cancer is more frequent in tumors with high TILs.
To the best of our knowledge, limited data is available
about the correlation between ALDH1AT1 expression and
TILs in different neoplasms, especially breast cancer [27].

We observed that positive ALDHIA1 expression was
significantly correlated with ER/PgR negativity, HER2
positivity, and a higher Ki-67 index. This is in agreement
with the findings shown by Abdelaziz and his colleague
[28]. We compared ALDHI1A1 expression in different
molecular subtypes of BC; we noticed that its expression
was higher in TNBC and HER2 type compared to luminal
A and luminal B types. These findings were similar to those
of Kim et al. (2015) and Kida et al. (2016), who showed
that ALDHIA1 expression was significantly correlated
with HER2 type and TNBC [29,30]. Additionally,
Demir et al. (2018) and Abdelaziz (2022) reported that
ALDHI1A1 expression was significantly associated with
breast cancer molecular subtypes [25, 28].

Consistent with our findings, Liu and his colleague’s
meta-analyses of 15 previous papers revealed that
ALDHI1A1 expression was linked to increased tumor
size, less differentiation, advanced stage, higher HER2
expression, and lower ER expression [31]. Meta-analysis
conducted by Liu et al. (2015), which comprised 21
publications, demonstrated a significant correlation
between ALDH1A1 expression and ER expression as
well as histological grade. However, there was no clear
correlation found between ALDH1A 1 expression and any
of the following: age, tumor size, lymph node status, LVI,
or HER2 expression [32].

Our study identified that ALDH1A1 expression in
breast cancer cases showed no significant association with
age, menopause status, tumor laterality, and histological
subtypes.

In conclusion, ALDHI1AL1 is a putative marker
for BCSCs that play a critical role in breast cancer
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progression. ALDH1A1 positivity was correlated with
different unfavorable prognostic indices and indicators
of poor outcome. Moreover, high levels of TILs was
associated with ALDH1A1 positive expression. Therefore,
using therapeutic agents that target this molecule may be a
helpful therapeutic strategy for patients with breast cancer.
Limitations of the study

The statistical power of the results was impacted by
the insufficient sample size, the few number of included
histologic variants, and the exclusion of important
histologic subtypes of breast cancer like ILC from
statistical analysis. In addition to these limitations, the
retrospective nature of the study.

Recommendations

- Investigating ALDHIAT1 expression on a large
scale of different breast lesions is recommended.
Follow-up of patients is recommended to highlight the
correlation between ALDH1A1 expression and patient
survival and disease outcome.

- Future studies are required to evaluate the correlation
between ALDH1A1 expression and PD-L1 expression to
explore its implication on neoadjuvant treatment response
in certain molecular subtypes of breast cancer, as it could
be possible target for immunotherapy.
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