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Introduction

Breast cancer (BC) is the most commonly diagnosed 
cancer and the leading cause of cancer related death 
in women worldwide [1]. It accounts for 23% of all 
malignancies with the infiltrating duct carcinoma 
considered the most frequent histological subtype [2]. 
Based on gene expression profiles, BC has been classified 
into 5 subgroups: luminal A, luminal B, Her2/neu amplified, 
basal like and normal like. Each group has distinct 
biological features and clinical outcome, suggesting that 
BC progresses through different molecular pathways 
among patients [3].

The heterogeneity in BC subtypes was suggested by 
some investigators to be a function of cancer stem cells 
(CSCs) [4], based on the common phenotypes between 
them and BC cells. This makes some authors to hypothesize 
that CSCs can be incorporated in the molecular staging of 
BC [5]. CSCs are defined by the expression of specific cell 
surface markers that can be used to distinguish them from 
other tumor or normal cells. CD44 is one of these markers 
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[6]. CD44 is a member of the adhesion molecule families 
and a cell-surface trans-membrane protein distinguishes 
breast cancer stem cells (BCSCs) from breast Non- CSCs 
[6, 7]. It is closely associated with cancer metastasis, 
chemotherapy resistance and poor prognosis [8, 9]. 

CSCs are characterized by their ability of self-renewal, 
unlimited proliferation and their differentiation potential, 
thereby tumor therapy resistance and metastasis [8]. One 
of the pivotal processes that have been strongly associated 
to CSCs maintenance and aggressiveness is autophagy. 

Autophagy, a conserved catabolic pathway, is crucial 
for the preservation of cell homeostasis during nutrient 
and oxygen deprivation [10]. Autophagy plays a dual 
role in cancer development; it can both promote and 
suppress cancer progression and metastasis. These 
opposite functions were interpreted as autophagy being 
a double-edged sword in cancer; that prevents tumor 
initiation but favors the progression of established tumors, 
this challenged researchers to further explore its impact 
on oncogenesis and tumor progression [11].

The membrane-bound microtubule-associated protein 
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chain 3 (MAP- LC3) is one of the most specific biomarkers 
of autophagy. In mammals, LC3 is expressed in 3 
isoforms: A, B, and C. The B isoform, LC3B, has broad 
tissue specificities and is widely used in autophagy-related 
studies [12]. The role of LC3B in different types of cancer 
including BC remains controversial. Flynnand Schiemann 
[11] and Tang et al. [13] reported the common expression 
of LC3B in various malignancies and its relation to cancer 
progression and worse outcome, while others recorded its 
relation to suppression of tumorgenesis [11, 13].

The relationship between autophagy and CSCs in BC 
remains unclear; some studies demonstrated that, BCSCs 
that exhibit high percentage of autophagic activity having 
poor prognosis [14]. While other studies showing opposite 
results with LC3B autophagic marker found to suppress 
function of BCSCs [15]. 

Therefore, autophagy could represent a promising 
target for counteracting CSCs aggressiveness that it would 
be crucial to carefully assess the dependence/sensitivity 
of each specific type of cancer to autophagy, as well as 
the impact of autophagy modulation on selected cancer 
therapies [16]. To date, our knowledge about the effect of 
autophagy on BCSCs is limited. Here we hypothesize that 
autophagy may have an impaction on BCSCs in different 
molecular subtypes of BC. To assess the credibility of our 
hypothesis we decide to study the expression of LC3B 
and CD44 in different molecular subgroups of BC via 
immunohistochemistry.

Materials and Methods

Specimens 
This study was conducted retrospectively on 50 

specimens of IDC/NST of breast. Specimens were selected 
from the archives of Surgical Pathology Laboratories, 
Assuit University Hospital, Faculty of Medicine and South 
Egypt Cancer Institute, Assuit University.

The available clinicopathologic data were obtained 
from hospital medical records of patients and all the 
patients received treatment according to their stages and 
luminal subtypes according to national guidelines of breast 
cancer patient protocol.  A representative hematoxylin and 
eosin stained slides were re-examined for each specimen 
for detailed histopathological features including histologic 
type, grade (Nottingham modification of the Scarff 
Bloom Richardson grading, 1998), tumor infiltrating 
lymphocytes, the presence or absence of  lymohovascular 
emboli, the presence or absence of  perineural invasion 
and tumor stage by using TNM classification published 
by the American Joint Committee on Cancer/Union for 
International Cancer Control (8th edition, 2018) [17].

According to the molecular classification, the 
specimens were divided into 2 groups, 25 specimens of 
ER +ve (both luminal A and B) and 25 specimens of ER-
ve (HER2/neu +v and triple negative) BC. All procedures 
performed in the current study were approved by national 
research ethics committee (reference number17100680 
on18/3/2019) in accordance with the 1964 Helsinki 
declaration and its later amendments.

Immunohistochemical staining
Immunohistochemical staining was performed 

using the avidin -biotin immunoperoxidase methods. 
Tissue sections of 4-μm thick of formalin-fixed paraffin-
embedded specimens were taken from tissue blocks. 
Sections were dewaxed and then rehydrated through 
descending graded ethanol series, down to distilled water. 
To block the endogenous peroxidase, the rehydrated 
sections were treated with Peroxidase Blocking Reagent 
(6%hydrogen peroxide) for 10 min. For epitope retrieval, 
sections were microwaved in Tris EDTA solution, pH 
9 for 1 hour. Sections were incubated with the primary 
antibodies for one hour. 

The antibody used for CD44 immunostaining was 
primary CD44 /H-CAM Rabbit Unconjugated polyclonal 
antibody (Catalog #PAS-29590, thermo scientific at 
dilution 1/200). As regard LC3B immunostaining, it was 
carried out using LC3B polyclonal unconjugated Rabbit 
Primary Antibody (catalog # PA1-16931, thermo scientific 
at dilution 1/300).

Secondary staining kits were used according to 
the manufacturer’s instructions using Ultra Tek Anti- 
Polyvalent Biotinylated Antibody. Counter staining was 
done with hematoxylin and examined by light microscopy

Sections of appendix and pancreas were used as a 
positive control for CD44 and LC3B marker respectively. 

Immunohistochemical evaluation
All stained specimens were independently viewed and 

scored by two pathologists without disclosing clinical data 
of these patients.

CD44 scoring method
The immunostaining score for CD44 was calculated 

based on the proportion of stained tumor cells: 0-10% 
as negative, 11-25% as weakly positive, 26-50% as 
moderately positive, and 51-100% as strongly positive.  
Patients with negative and weakly positive expression 
were combined as the lower expression group, and patients 
with moderately positive and strongly positive expression 
were combined as the higher expression group [18].

LC3B scoring method
The stained sections were scored taking into 

consideration the intensity of staining and the percentage 
of stained cells within each tissue section. The intensity 
of staining was scored as (0, no staining; 1, faint staining; 
2, moderate staining; and 3, strong staining.) and the 
percentage of positively stained cells was also scored 
as (0, no staining; 1, 1–25 % positive cells; 2, 26–50 % 
positive cells; 3, 51–75 % positive cells; and 4, 76–100 
% positive cells). The sum of the staining intensity and 
extent scores was used as the final score for LC3B (0–7). 
Patients showed final staining scores of 6–7 were classified 
as LC3B high expression and the remainder as LC3B low 
expression [19]. All procedures performed in the current 
study were approved by IRB and/or national research 
ethics committee in accordance with the 1964 Helsinki 
declaration and its later amendments.

Informed consent was obtained from all individual 
participants included in the study.
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Statistical analysis
All statistical calculations were done using SPSS 

(statistical package for the social science; SPSS Inc., 
Chicago, IL, USA) version 22. Data were statistically 
described in frequencies (number of cases) and relative 
frequencies (percentages). For comparing categorical 
data, Chi square (χ2) test was performed. Exact test was 
used instead when the expected frequency is less than 5. 
P-value is always 2 tailed set significant at 0.05 levels. 
Correlation between CD44 and LC3B was done by using 
Spearman’s rho correlation test. 

Results

Clinicopathological, histopathological characteristics 
and molecular subtypes of the studied specimens

The patient’s clinicopathological, histopathological 
characteristics and molecular subtypes were summarized 
in (Table 1). Briefly all studied cases were IDC/NST of 
BC. They all were grade II. The age range was 27-65 
years (mean, 50±10 years), with twenty six [52%] of cases 
were < 50 years old.  As regard the molecular subtype, 
fourteen specimens [28%] were luminal A subtype, 
eleven specimens [22%] were luminal B subtype, eleven 
specimens [22%] were Her2neu overexpressing subtype 
and fourteen specimens [28%] were triple negative 
subtype.

Immunohistological findings of the studied specimens
Expression of CD44 and LC3B

CD44 was expressed in IDC cells with cytoplasmic 
and membranous staining pattern. Forty-six out of fifty 
specimens [46/50] were positive for CD44 marker. 
The specimens were divided into two subgroups, with 
twenty-five specimens [50%] showed high expression 
and twenty-five specimens [50%] showed low expression 
(Figure 1). 

As regard LC3B expression, it was expressed in IDC 
cells with cytoplasmic staining pattern. All fifty specimens 
showed positivity for LC3B in various proportion and 
different intensity.  Finally, they were divided into two 

Figure 1. CD44 Expression in IDC/NST of Breast. A, Negative expression of CD44 (x400); B, Low expression of 
CD44 (membranous staining) (x400); C, Low expression of CD44 (cytoplasmic staining) (x400); D, High expression 
of CD44 (membranous staining) (x400); E, High expression of CD44 (cytoplasmic staining) (x400).

Variable N (%)
Age (years) < 50 26 -52

≥ 50 24 -48
Tumor size (cm) ≤  5 cm 30 -60

> 5 cm 20 -40
LN metastasis Negative 15 -30

N1 15 -30
N2 11 -22
N3 9 -18

Distant metastasis Present 5 -10
Absent 45 -90

Pathologic stage Stage 1 1 -2
Stage 2 20 -40
Stage 3 24 -48
Stage 4 5 -10

Histologic type IDC 50 -100
Grade Grade 2 50 -100
LVI Present 37 -74

Absent 13 -26
PNI Present 8 -16

Present 42 -84
DCIS Present 31 -62

Absent 19 -38
Tumor infiltrating 
Lymphocytes 
(TILS)

Mild 29 -58
Moderate 18 -36
Brisk 3 -6

Molecular subtype Luminal A 14 -28
Luminal B 11 -22
Triple negative 14 -28
Her2neu overexpression 11 -22

Table 1. The Clinicopathological, Histopathological 
Characteristics and Molecular Subtypes of All Studied 
Specimens (n=50)

N, number of cases; LVI, lymphovascular invasion; PNI, perineural 
invasion; Her2, human epidermal growth factor receptor 2; Qualitative data 
are preQualitative data are presented in the form of number (percentage).
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Figure 2. LC3B Expression in IDC/NST of Breast. A, Low expression of LC3B (cytoplasmic staining) (x400); B, High 
expression of LC3B (cytoplasmic staining) (x400).

Variable CD44 low expression     CD44 high expression P value LC3B low expression LC3B high expression P value

(n=25) (%) (n=25) (%) (n=11) (%) (n=39) (%)

Age (years)

     < 50 13 -52 13 -52 1 4 -36.4 22 -56.4 0.24

     ≥ 50 12 -48 12 -48 7 -63.6 17 -43.6

DCIS

     Present 16 -64 15 -60 0.771 8 -72.7 23 -59 0.498

     Absent 9 -36 10 -40 3 -23.3 16 -41

TILS

     Mild 13 -52 16 -64 5 -45.5 24 -61.5

     Moderate 10 -40 8 -32 0.66 6 -54.5 12 -30.8 0.369

     Brisk 2 -8 1 -4 0 0 3 -7.7

LVI

     Present 16 -64 21 -84 0.107 6 -54.5 31 -79.5 0.126

     Absent 9 -36 4 -16 5 -45.5 8 -20.5

PNI

     Present 4 -16 4 -16 1 2 -18.2 6 -15.4 1

     Absent 21 -84 21 -84 9 -81.8 33 -84.6

Tumor size

     ≤ 5 cm 13 -52 17 -68 0.248 6 -54.5 24 -61.5 0.736

     > 5 cm 12 -48 8 -32 5 -45.5 15 -38.5

LN metastasis

     N0 13 -52 2 -8 0.001* 7 -63.6 8 -20.5 0.010*

     N1/N2/N3 12 -48 23 -92 4 -36.4 31 -79.5

Distant metastasis

     Present 1 -4 4 -16 0.349 1 -9.1 4 -10.3 1

     Absent 24 -96 21 -84 10 -90.9 35 -89.7

Pathologic stage

     Stage 1,2 14 -56 7 -28 0.045* 9 -81.8 12 -30.8 0.004*

     Stage 3,4 11 -44 18 -72 2 -18.2 27 -69.2

Table 2. Relationship between CD44 & LC3B Expression and Clinicopathological Parameters of the Studied Specimens 
(n=50)

Qualitative data are presented in the form of number (percentage), * Significance defined by p < 0.05.

groups; low and high expression groups, with eleven 
specimens [22%] showed low LC3B expression and thirty-
nine specimens [78%] showed high LC3B expression 
(Figure 2). 

Relationship between CD44 & LC3B expression and 
clinicopathological characteristics

Statistically significant positive association was 
detected between high expression of both CD44 & LC3B 
and lymph node metastasis (p value = 0.001 and 0.010 
respectively) (Table 2). Statistically significant positive 
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Variable CD44 low expression CD44 high expression P value LC3B low expression LC3B high expression P value

(n=25) (%) (n=25) (%) (n=11) (%) (n=39) (%)

Molecular subtype 0.044* 0.048*

     Luminal A 9 -36 5 -20 5 -45.5 9 -23.1

     Luminal B 8 -32 3 -12 2 -18.2 9 -23.1

     Her2neu –OE 5 -20 6 -24 4 -36.4 7 -17.9

     Triple negative 3 -12 11 -44 0 0 14 -35.9

Table 3. Relationship between CD44& LC3B Expression and Molecular Subtypes of the Studied Specimens (n=50)

Her2neu –OE, Her2neu overexpression; Qualitative data are presented in the form of number (percentage), * Significance defined by p < 0.05.

Figure 3. Scatter Plot Graph Showing the Correlation between the Percentage of CD44 and LC3B Markers. Significant 
positive moderate correlation was found between the percentage of CD44 and LC3B markers (r=0.366 and p=0.009).

association was also detected between CD44 & LC3B 
expression and pathologic stages. Patients with advanced 
stage (stage 3, 4) had high CD44 & LC3B expression 
(p value=0.045 and 0.004 respectively) (Table 2). There 
was no statistically significant relationship between both 
CD44 & LC3B expression and other clinicopathologic 
parameters such as age of patients, site and size of tumor, 
LVI, PNI, and DCIS (Table 2).

Relationship between CD44 & LC3B expression and 
molecular subtypes of studied specimens

Statistically significant positive association was 
detected between CD44 & LC3B expression and 
different molecular subtypes. Patients with triple negative 
subtype had higher CD44 & LC3B expression (44% 
and 35.9% respectively) than her2neu (24% and 17.9% 
respectively) and luminal subtypes (luminal A (20% 
and 23.1%respectively) & luminal B (12% and23.9% 
respectively) (p value=0.044 and 0.048 respectively) 
(Table 3). 

Correlation between CD44 and LC3B tumor markers 
expression of the studied specimens

Significant positive moderate correlation was found 

between the percentage of CD44 and LC3B markers 
(r=0.366 and p=0.009) (Figure 3).

Discussion

Breast cancer is a complex disease with large 
heterogeneity, leading to highly variable clinical behavior 
and response to therapy. The mechanisms resulting in 
this heterogeneity in BC are not well-understood with 
one possible explanation for the tumor heterogeneity is 
the presence of BCSCs [20]. The implication of the CSC 
model in BC has been suggested to account for potential 
differences in drug sensitivity, individual risk of recurrence 
and metastasis. So understanding of CSCs model can 
improve our ability to regulate target therapy [20].

Anticancer resistance of CSCs, cancer recurrence 
and metastasis are attributed to several factors including 
process known as autophagy [19, 21]. MAP1 LC3 
is identified as marker of autophagy which played 
an important role in the development of BC [19]. 
Relationship between CD44 expression and different 
clinicopatho-logical factors

In this study forty-six out of fifty specimens [92%] 
showed positive CD44 expression. These results agree 
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with results of Farida and Yuliantini [22], they found that 
CD44 expression was positive in [88.6%] of examined 
BC cases [22]. In this research high CD44 expression 
was significantly associated with presence of axillary 
lymph nodal metastasis. This finding is in agreement with 
results of other previous studies such as  Wei et al. [23], 
Rustamadji et al. [24], Tsang et al. [25]. 

The relation between high CD44 expression and LNs 
metastasis can be explained as the following: CD44 is 
a class I transmembrane glycoprotein that serves as the 
primary receptor for hyalouronic acid (HA) and binds 
other extra-cellular matrix components, such as collagen, 
laminin, and fibronectin. This protein has been shown to 
promote growth, invasion, and metastatic dissemination 
of BC cells [20]. However, other studies disagree with our 
results; they found no significant associations between 
CD44 expression and LNs status in studied BC cases 
[18, 26, 27].  

Pathologic stage is the most useful predictor of BC 
behavior. In the current study, statistically significant 
positive association was detected between high CD44 
expression and patients with advanced stage (stage 3, 4). 
This finding is in accordance with results of Hassn Mesrati 
et al. [28], Roosta et al. [18]. Lymph nodal status is one 
of the important determinants of pathologic stage. Since, 
CD44 facilitates LN metastasis; its high expression is 
associated with advanced stage. 

Relationship between CD44 expression and different 
molecular subtypes of BC

We found statistically significant association between 
CD44 expression and different molecular subtypes of 
BC. More frequent CSC phenotypes, (higher CD44 
expression), were found in triple negative tumors [44% 
of specimens]. 

This finding is in agreement with results of previous 
studies done by Louhichi et al. [20]. They found that 
CD44+ subpopulation was much higher in basal like BC 
than non-basal like subtype [20]. CD44+ cells showed 
high capacity of proliferation, migration, invasion 
and tumorigenesis, so providing a highly hydrated 
environment that favors cancer cell progression and 
invasion (important features of basal like BC) [29]. 

In contrast, Chang et al. [15], Faridaand Yuliantini 
[22], de Beca et al. [30] found no significant association 
between stem cell marker CD44 and different molecular 
subtypes of BC [15, 22, 30]. 

Relationship between LC3B expression and different 
clinicopatholo-gical parameters

The results of this work showed that level of LC3B 
expression was up-regulated during later stages of BC, 
where patients with advanced stage (stage 3, 4) showed 
high LC3B expression [69.2%] versus patients with low 
stage [18.2%]. These results are consistent with results 
of previous study by Zhao et al. [19]. 

Autophagy serves as a protective mechanism to cancer 
cells against stress conditions that affect cancer cells 
especially during later stages of the tumor development 
(where limited oxygen and nutrient supplies). It provides 
amino acids, nucleotides and lipid for ATP production and 

molecular synthesis of cancer cells under these stressful 
conditions, so promotes viability of the tumor cells [19]. 
On contrary, Mustafa et al. [31] found no significant 
association between LC3B expression and different 
pathologic stages of BC [31].

As regard lymph nodal status, a significant positive 
association between high LC3B expression [79.5%] 
and presence lymph node metastasis was detected. 
This finding agrees with results of Zhao et al. [19], and 
disagrees with Mustafa et al. [31]. These results are 
partially explained by ability of autophagy to help tumor 
cells to survive, proliferate and disseminate to regional 
lymph nodes and secondary sites [32]. In addition, 
Autophagy was shown to be induced during extracellular 
matrix (ECM) detachment and protects detached tumor 
cells from detachment-induced cell death, so tumor cells 
can survive and metastasize [33, 32]. 

Relationship between LC3B expression and different 
molecular subtypes of BC 

Regarding molecular subtypes of BC, we found 
significant association between LC3B expression and 
different molecular subtypes of BC.  Patients with triple 
negative subtype had higher LC3B expression [35.9%] 
than the remaining BC subtypes. Results of the current 
study agree with results of Choi et al. [34] and disagree 
with results of Mustafa et al. [31]. 

This finding can be explained as a following: 
TNBC cells showed higher level of hypoxia (reflected 
microscopically by central necrosis and high mitotic 
activity) than other subtypes of BC. Hypoxia is main 
stimulus of induction of autophagy and autophagy 
related markers so TNBC subtype showed higher LC3B 
expression than other subtypes [34]. This indicated that 
autophagy might promote viability and progression of 
TNBC cells [19]. 

Correlation between CSC marker CD44 and autophagy 
related marker LC3B

Autophagy allows BCSCs to adapt to different 
stressful conditions and to maintain their activity [35]. So, 
it protects BCSCs from cytotoxic effects of anti-cancer 
therapy [10]. 

Results of this study found significant positive 
moderate correlation between the percentage of CD44 and 
LC3B markers in studied specimens. This results coincides 
with study on pancreatic cancer observed that pancreatic 
CSCs exhibited elevated autophagy in both clinical 
specimens and cell lines [36] and with another study 
was done by Wong et al. [37] to elucidate the interplay 
of autophagy and CSCs in hepatocellular carcinoma [37]. 
There are several medications that can exert effects on 
autophagy, which are also critical in BC therapy [38]. 
Results of this study suggest that the majority of inhibitors 
of autophagy may play an important role in both BC and 
BCSC improving the outcome in BC patients.  

In conclusion; results of this study revealed that both 
stem cell marker CD44 and autophagy related marker 
LC3B expression are significantly associated with lymph 
nodal metastasis, advanced pathological stage and with 
triple negative molecular subtype of BC. Statistically 
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positive correlation was also found between both tumor 
markers. There were no relationships between CD44 & 
LC3B expression and other clinicopathologic parameters 
such as age of patients, site, and size of tumor, LVI, PNI, 
TILs, and DCIS were found. 
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