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Abstract. Cluster of differentiation 44 (CD44), a well-known 
transmembrane glycoprotein, serves as a promoting factor in 
the carcinogenesis and progression of a variety of neoplasms. 
Previous studies have demonstrated that aberrant expression of 
CD44 was associated with the initiation, invasion, metastasis, 
and therapy-resistance of breast cancer, but whether there 
was any association between CD44 and pathological charac-
teristics of breast cancer or epidermal growth factor receptor 
(EGFR) has not been clearly elucidated. In this study, we 
utilized public microarray data analysis and tissue microarray 
technologies to display that CD44 level was enhanced in breast 
cancer and was significantly correlated with histological grade 
and the status of estrogen receptor, progesterone receptor and 
human epidermal growth factor receptor-2 (HER2) and EGFR. 
Furthermore, mRNA expression of CD44 in breast tumors was 
positively correlated with basal cytokeratin markers KRT5 and 
KRT17, but inversely associated with luminal marker FOXA1. 
Besides, Kaplan-Meier analysis showed that high CD44 
mRNA level had adverse impact on the progression-free 
survival of patients with HER2-expressing or basal-like breast 

cancer. Functionally, inhibition of EGFR activity by erlotinib 
impaired the invasion and migration ability of breast cancer 
cell lines. Western blot assays demonstrated that erlotinib 
treatment decreased the expression of CD44, accompanied 
with the reduced protein levels of mesenchymal and cancer 
stem cell markers. Collectively, this study suggested that the 
expression of CD44 was upregulated by EGFR pathway and 
CD44 had a robust impact on the development of breast cancer.

Introduction

Breast carcinoma is the most prevalent female malignance and 
the cause of a majority of cancer-related deaths among women 
worldwide (1). According to the status of estrogen receptor 
(ER), progesterone receptor (PR) and human epidermal growth 
factor 2 (Her2), breast cancer can be classified into four main 
distinct molecular subtypes, including luminal, Her2 overex-
pression, basal type and normal-like (2). Although significant 
achievement has been made in therapeutic strategies, the 
clinical outcome of breast cancer patients remains unsatisfac-
tory due to recurrence, metastasis or chemotherapy-resistance 
(1). Breast cancer stem cells (CSCs), which have extraordinary 
ability of self-renewal, proliferation and generation of hetero-
genic lineages of tumor cells, account for recurrence and 
metastasis of breast cancer (3).

CD44, a multi-structural and multi-functional transmem-
brane glycoprotein, participates in the regulation of many 
cellular processes including cell division, adhesion and migra-
tion through binding with its main ligand the hyaluronic acid 
(HA) (4,5). It has been demonstrated that CD44 also plays 
essential roles in tumorigenesis (6), invasion and metastasis, as 
well as therapy-response (6-8). It promotes carcinogenesis by 
acceleration of proliferation or suppression of apoptosis, partly 
resulting from stimulation of Ras-Raf-Mek-Erk-cyclin D1 
signaling and phosphoinositide 3-kinase (PI3K)-Akt pathway, 
respectively (6). CD44, a well-known CSC marker, is involved 
in the complex process of epithelial-mesenchymal transition 
(EMT), which stimulates tumor invasion and metastasis (5,9).

Epidermal growth factor receptor (EGFR), belonging to the 
protein kinase superfamily, plays a critical role in cell prolif-
eration (10). It has been demonstrated that EGFR is aberrantly 
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expressed in a variety of epithelial tumor types, indicating that 
it might be implicated in the etiology and progression of these 
cancers, including lung carcinoma, head and neck squamous 
cell carcinoma and breast cancer (11,12). Positive staining of 
EGFR protein was observed in ~45% of breast cancer (13). 
EGFR expression was found mainly in basal-like carcinoma, 
and tended to be inversely associated with hormone receptor 
(ER, PR) levels (13). Combined status of positive EGFR and 
negative ER often portended a significantly worse clinical 
outcome (13). In consideration of its established role in cancer 
cell proliferation and survival, EGFR is an effective target 
for cancer treatment and relative drugs against EGFR have 
been put into clinical use. For instance, small molecule inhibi-
tors, such as gefitinib and erlotinib, targeted the intracellular 
ATP-binding site in the tyrosine kinase domain of EGFR 
(14-16). However, acquired resistance eventually developed 
in nearly all patients through second mutation of EGFR or 
activation of parallel signals (17). Various agents and strategies 
have been developed to overcome EGFR-TKIs resistance. For 
example, AST1306, an irreversible small molecular blocker 
of EGFR, HER2 and HER4, achieved promising antitumor 
activity even in patients previously treated with HER2 
inhibitor (18).

CD44 and EGFR were both enriched in basal-like breast 
cancer and exerted favorable effects on breast tumor progres-
sion (13,19). Therefore, we hypothesized that EGFR upregulated 
the expression of CD44, contributing to CSCs and mesen-
chymal phenotypes. To test this hypothesis, we conducted a 
combined analysis of available published microarray data and 
immunohistochemistry analysis on tissue microarrays (TMA). 
Furthermore, causative linkage between CD44 and EGFR in 
breast cancer cell lines was also investigated.

Materials and methods

Breast cancer tissue microarray and immunohistochemistry 
detection. To evaluate the association between CD44 protein 
abundance and breast cancer risks, tumor grade, as well as 
the status of ER, PR, Her2 and EGFR in patients with breast 
cancer, commercially available tissue microarray (TMA) 
slides (BR1502, US Biomax, Inc, Rockville, MD, USA) 
containing histologically confirmed tissues were purchased 
for immunohistochemistry (IHC) analysis. This microarray 
contains 150 samples including 10 normal breast tissues and 
140 breast cancer samples. Due to tissue rejection, the actual 
number of samples enrolled was 125 including 5 normal 
tissues and 120 breast tumor samples. Among these 120 breast 
cancer samples, there were 16 grade I, 90 grade II and 14 
grade III samples, and we classified grade I and grade II into 
low-grade tumors and grade III was high-grade. A total of 4, 
75, 24 and 17 cases were Tis, T1, T2, T3 and T4, respectively. 
For lymph node metastasis status, there were a total of 88, 
16, 11 and 5 tumors for N0, N1, N2 and N3, respectively. For 
ER status, the number of ER-negative cases was 41 and that 
of ER-positive ones was 79. The number of ER-negative cases 
was 64 and PR-positive 56. The number of HER2-negative and 
positive were 48 and 72, respectively. The original status of 
EGFR staining was displayed as ‘-’, ‘+’, ‘++’ and ‘+++’. We 
classified 109 cases of EGFR stain ‘-’ and ‘+’ as low EGFR and 
11 cases of ‘++’ and ‘+++’ into high EGFR group.

Specific primary antibody against CD44 (polyclonal 
rabbit antibody, 1:200; ProteinTech Group) was used for IHC 
with a 2-step protocol. Immunohistochemical staining was 
performed as previously described (20). Tissues in BR1502, 
embedded in paraffin, were baked at 60˚C for 1 h and then 
deparaffinised and hydrated through a series of xylenes and 
alcohols. Following antigen retrieval, slides were incubated in 
3% H2O2 diluted in methanol for 30 min to block the activity 
of endogenous peroxidases. Non-specific binding of antibodies 
was blocked with 2.5% horse normal serum (20 min). Next, 
slides were incubated overnight with primary antibody at 4˚C. 
Hematoxylin was used for nuclear counterstaining.

Analysis and quantification of staining. Two evaluators, 
blinded to the clinical data, reviewed the immunoreactivity 
for CD44 protein under a light microscope. For quantification, 
all stains were evaluated at x200 magnifications and at least 
3 areas for each core were counted. The protein expression 
was scored independently according to the intensity of cellular 
staining and the proportion of stained tumor cells. The staining 
intensity was scored as 0 (no staining), 1 (weak staining, light 
yellow), 2 (moderate staining, yellow brown) and 3 (strong 
staining, brown). The proportions of stained tumor cells were 
classified as 0 (≤5% positive cells), 1 (6-25% positive cells), 2 
(26-50% positive cells) and 3 (≥51% positive cells). The multi-
plication for intensity and proportion scores was utilized to 
represent the level of CD44 protein abundance (21). According 
to the final staining score, 1-3 was grouped to low expression, 
while >4 was classified into high expression.

Cell culture and drug treatment. Breast cancer cell lines, 
including MDA-MB-231 and HBL100 cells, were cultured in 
Dulbecco's modified Eagle's medium (DMEM) with 10% fetal 
bovine serum (FBS, Life Technologies, Inc.). These two cell 
lines were seeded into two 6 cm culture dishes and grew to 
70-80% confluence before incubation with erlotinib (Sigma) 
at 10 µM for 24 h. The cells were harvested for the following 
experiments.

Migration and invasion assay. Migration and invasion assays 
were performed as previously described (22). Generally, 2x104 
MDA-MB-231 and HBL100 cells treated with erlotinib or 
vehicle control were suspended in DMEM without fetal bovine 
serum and seeded on an 8-µm pore size Transwell filter insert 
(Corning Inc., Corning, NY, USA) coated with diluted Matrigel 
(BD Biosciences, Bedford, MA, USA). Lower chamber was 
filled with DMEM supplemented with 10% FBS as a chemo-
attractant. After incubation for 18 h at 37˚C, invaded cells were 
stained with 0.5% crystal violet solution mixed with 4% para-
formaldehyde and counted by light microscopy (x200). Breast 
cancer cell invasion ability with or without erlotinib treatment 
was quantitatively measured by BD coated invasion system.

Western blot detection. Cells were washed with cold PBS, 
scraped into RIPA buffer and centrifuged. The cell lysates 
were subjected to 10% SDS-PAGE and transferred to a 
polyvinylidene f luoride (PVDF) hybridization transfer 
membrane. The primary antibodies used were as follows: 
CD44 (ProteinTech group), EGFR (Santa Cruz Laboratories), 
Snail (Cell Signaling Technology), p-EGFR (Santa Cruz 
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Laboratories), p-AKT (Cell Signaling Technology), p-ERK 
(Santa Cruz Laboratories), KLF4 (Santa Cruz Laboratories), 
c-Myc (Santa Cruz Laboratories), Slug (Cell Signaling 
Technology), Snail (Cell Signaling Technology), Vinculin 
(Santa Cruz Laboratories). Secondary staining and detection 
were carried out in accordance with standard protocols (23).

Analysis of gene expression data. GSE42568, available 
through the published Gene Expression Omnibus (GEO) 
databases and containing 17 normal cases and 104 breast 
cancer patients, was analyzed to evaluate the association 
between CD44 expression and breast tumor risks, histological 
grade, EGFR, KRT5, KRT17 and FOXA1. Additionally, the 
association between CD44 mRNA level and the progression-
free survival (PFS) of patients with HER2-overexpressing 
and basal-like breast cancer was analyzed on public data of 
KM PLOTTER.

Statistical analysis. Correlation analyses of CD44 with 
EGFR, KRT5, KRT6 and KRT17 were performed using 
SPSS 20 statistical software (SPSS Inc., Chicago, IL, USA). 
The Student's t-test was applied to evaluate the differences 
in groups as appropriate and the significance level was set at 
p<0.05. The association between CD44 expression and the 

clinicopathological parameters was evaluated by the χ2 test. 
A two-tailed p-value of <0.05 was considered statistically 
significant. Analysis of prognosis was conducted with the 
Kaplan-Meier method and the log-rank test.

Results

CD44 expression is increased in breast cancer in comparison 
with normal breast. In order to evaluate CD44 protein level 
between normal breast tissues and malignant tissues, we 
analyzed a TMA containing 120 informative patients with 
breast cancer by IHC. CD44 was mainly detected on the 
membrane of breast cancer cells. Representative images 
of immunohistochemical staining for non-cancerous and 
cancerous tissues are shown in Fig. 1A. Next, we examined the 
potential association of CD44 protein abundance with breast 
cancer risks by using semi-quantitative criteria. The result 
indicated that protein abundance of CD44 was significantly 
higher in breast cancer tissues compared with normal tissues 
(Fig. 1B, p=0.034).

In order to assess whether the mRNA transcription of 
CD44 is consistent with the protein expression, GSE42568 
was assessed. The mRNA level of CD44 in breast cancer was 
remarkably enhanced compared with normal breast tissue 

Figure 1. Analyses of CD44 in normal breast and tumor tissues. (A) Repre
sentative images of CD44 protein abundance in normal and breast tumor 
tissues are shown. (B) Semi-quantitative result is displayed as the mean ± SE. 
(C) Oncomine database analysis with the mRNA level of CD44 in normal 
and cancer tissues.

Figure 2. Analyses of CD44 in low-grade and high-grade breast tumors. 
(A) Representative images of CD44 protein abundance in low-grade and 
high-grade breast tumors are shown. (B) Semi-quantitative result is displayed 
as the mean ± SE. (C) Oncomine database analysis with the mRNA level of 
CD44 in low-grade and high-grade breast tumors.
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(Fig. 1C, p=0.022). Together, our results suggested that expres-
sion of CD44 was significantly upregulated at both protein 
and mRNA level in breast cancer tissues when compared with 
normal tissue.

High level of CD44 was associated with histological grade 
of human breast cancer. To further explore the correlation 
between CD44 protein abundance and histological grade, 
representative images of immunohistochemical staining for 
low-grade and high-grade cancer tissues are shown in Fig. 2A. 
Comparison of IHC scores suggested that CD44 protein abun-
dance was greatly elevated in high-grade breast cancer tissues 
(Fig. 2B, p=0.005).

In addition, we also evaluated the mRNA expression of 
CD44 in both low-grade and high-grade tumors in GSE42568, 
and the results showed that the mRNA expression of CD44 
was significantly enhanced in high-grade tumors in compar-
ison with low-grade group (Fig. 2C, p=0.044). Our results 
suggested that high level of CD44 tended to be associated with 
high histological grade in breast cancer.

CD44 protein abundance tends to be associated with 
molecular subtype of breast cancer. To assess whether there 
was any association between CD44 protein abundance and the 
status of ER, PR and HER2, we combined IHC results with 
that information provided by TMA. Representative images of 
immunohistochemical staining for negative and positive status 

of ER, PR and HER2 are, respectively, shown in Fig. 3A. 
Statistical analysis on IHC score revealed that higher level 
of CD44 was significantly correlated with lower status of ER 
(Fig. 3B, p=0.040) and PR (Fig. 3C, p=0.023) in luminal A 
subtype as well as lower expression of HER2 (Fig.  3D, 
p=0.004).

Additionally, the correlation between CD44 and EGFR 
was analyzed. Representative images for CD44 staining in low 
EGFR and high EGFR samples are shown in Fig. 4A. Semi-
quantitative result indicated that CD44 scores were higher 
in high EGFR cases (Fig. 4B, p=0.004). Besides, analysis on 
public gene expression data indicated that CD44 expression 
was significantly correlated with that of EGFR at mRNA level 
(Fig. 4C, p<0.001). Then, the correlation between CD44 mRNA 
level and basal cytokeratin markers KRT5 and KRT17, as well 
as luminal marker FOXA1 were analyzed in GSE42568. The 
results indicated that CD44 mRNA expression was positively 
associated with the expression of KRT5 (Fig. 4D, p=0.005) 
and KRT17 (Fig. 4E, p=0.006), but inversely correlated with 
FOXA1 (Fig. 4F, p<0.001).

High CD44 mRNA transcription predicts rapid progression. 
Public KM PLOTTER datasets were employed to evaluate 
the effects of CD44 mRNA level on the PFS of patients with 
HER2 overexpression and basal-like breast cancer. The results 
showed that both HER2-overexpressing (Fig. 5A, p=0.007) 
and basal-like patients (Fig. 5B, p=0.035) with greater amount 

Figure 3. Analyses of CD44 with status of ER, PR and HER2. (A) Representative images of CD44 protein abundance in different status of ER, PR and 
HER2. (B) Semi-quantitative result of CD44 protein abundance in ER-negative and ER-positive luminal A tumors is displayed as the mean ± SE. (C) Semi-
quantitative result of CD44 protein abundance in PR-negative and PR-positive luminal A tumors is displayed as the mean ± SE. (D) Semi-quantitative result 
about CD44 protein abundance in HER2-negative and HER2-positive tumors is displayed as the mean ± SE.
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of CD44 mRNA tended to have shortened time to cancer 
progression, indicating that CD44 exerted favorable effects on 
progression of patients with these two subtypes.

Inhibition of EGFR decreased invasion with reduced expres-
sion of CD44, EMT and CSC-related genes. To evaluate 

whether EGFR regulated CD44, a small molecular inhibitor 
of EGFR, erlotinib, was incubated with breast cancer cells for 
24 h, then the ability of migration and invasion was assessed. 
The results of transwell assay showed that inhibition of EGFR 
markedly reduced migration of MDA-MB-231 and HBL100 
cells (Fig. 6A). Similarly, invasion capability of these two cell 

Figure 4. Analyses of CD44 in EGFR-negative and EGFR-positive breast tumors. (A) Representative images of CD44 protein abundance in EGFR low and 
high breast tumors are shown. (B) Semi-quantitative result of CD44 protein abundance in EGFR low and high breast tumors is displayed as the mean ± SE. 
Oncomine database analysis of the correlation between CD44 mRNA level and EGFR (C), KRT5 (D), KRT17 (E) and FOXA1 (F).

Figure 5. Kaplan-Meier survival curves for the correlation of CD44 mRNA expression with breast cancer. (A) KM PLOTTER dataset analysis showed the 
association between CD44 mRNA expression and the PFS of patients with HER2-overexpressing breast cancer. (B) KM PLOTTER dataset analysis showed 
the association between CD44 mRNA expression and the PFS of patients with basal-like breast cancer.
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lines was also impaired by erlotinib (Fig. 6B). To detect the 
abundance of CD44 and related proteins after erlotinib treat-
ment, total protein was extracted and analyzed by western 
blotting. The results showed that inhibition of EGFR with 
erlotinib in breast cancer MDA-MB-231 and HBL100 cell 
lines significant downregulated p-AKT, p-ERK, CD44, KLF4, 
Myc, Slug and Snail in these cells (Fig. 6C).

Discussion

Overwhelming number of studies have been carried out to 
explore the roles of CD44 in cancer. As a well-known marker 
of CSCs, CD44 promotes carcinogenesis of diverse tumor 
types, including colorectal (24), pancreatic (25) and breast 
cancer (26). It has been demonstrated that CD44 is a powerful 
regulator of EMT process as well as tumor invasion, migration 
and therapy-resistance (5). We provided previously the fact  
that CD44 was enhanced in breast cancer and closely linked 
to tumor grade (27). Our study further indicated that higher 
CD44 protein abundance tended to be parallel with the status 
of ER and PR, while be negatively associated with HER2 
status. Finally, blockade of EGFR activity by tyrosine kinase 
inhibitor (TKI) induced a reduction of CD44 and a series of 
markers of CSCs and EMT. Thus, we drew a conclusion that 
CD44 served downstream of EGFR to function in the progres-
sion of breast tumor. Identification of clinically relevant genes 
may be explored as a molecular biomarker to aid precision 
therapy (28).

Consistent with previous studies, our research also offered 
evidence that CD44 was remarkably upregulated in breast 
tumor tissues in comparison with normal counterparts at 
both protein and mRNA levels, indicating that CD44 was 
involved in tumorigenesis of breast cancer. Breast cancer cells 
with ectopic expression of the cleaved intracellular domain of 
CD44 (CD44ICD) displayed potent ability of tumorigenesis 
and showed enhanced metastatic potential in mouse models, 
compared with the control cells (29). Aberrant expression and 
nuclear accumulation of CD44ICD played a pivotal role in 
transcriptional activation and nuclear localization of stemness 
factors such as Nanog, Sox2 and Oct4, which are the stimu-
lating effects of CD44 on the initiation of breast cancer (29). 
Our previous meta-analysis on human breast cancer tissues 
demonstrated that greater mRNA amount of CD44 tended 
to be linked to higher histological grade (27). Consistently, 
our immunohistochemistry analysis showed higher CD44 
protein abundance was also parallel with histological grade, 
which provided more evidence to support that CD44 was 
positively associated with breast tumor grade as well as might 
have unfavorable impact on breast cancer cell differentiation. 
It is consistent with previous analysis of 448 primary breast 
tumors by McFarlane, et al showing that breast tumors with 
high CD44 protein abundance tended to be high-grade (30).

CD44, a widely recognized CSC marker and an important 
upregulator of EMT process, not only stimulated carcinogen-
esis, but also promoted metastasis and therapy-resistance (5). 
For instance, CD44 restrained the combination of membrane-

Figure 6. Inhibition of EGFR reduced migration and protein abundance of 
CD44, EMT and CSC-related genes. (A) Transwell assays were utilized to 
assess the migration. (B) Invasion ability was evaluated by an invasion kit. 
(C) Western blotting was employed to evaluate the protein levels of EGFR, 
p-EGFR, p-AKT, p-ERK, CD44, KLF4, Myc, Slug, Snail and Vinculin.
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associated E-cadherin and β-catenin, which promoted 
β-catenin to nuclear and then transcriptionally activated genes 
that were involved in the invasion and migration of colon 
cancer cells (31). Our prognostic analysis showed that high 
expression of CD44 mRNA had adverse impact on the PFS 
of patients with HER2 overexpressing and basal-like breast 
cancer, indicating that CD44 was capable of promoting breast 
tumor progression. CD44 enhanced adhesion of breast cancer 
cells to endothelium and fibronection through α5β1-integrin 
to facilitate metastasis of breast cancer (32). Furthermore, 
ectopic expression of CD44 played important role in the 
doxorubicin-resistance of breast cancer patients, and anti-
CD44 mAb remarkably suppressed migration and invasion of 
breast cancer MCF-7 cells (33).

The status of ER, PR and HER2 were utilized to divide 
breast cancer into four distinct subtypes, including luminal, 
HER2-positive, basal-type and normal-like. Different 
subgroups displayed diverse biological behavior and showed 
different susceptibility to common therapeutics (2). Hereby, 
we explored whether there was any significant association 
between CD44 protein abundance and the status of ER, PR 
and HER2. Our results indicated that high content of CD44 
protein abundance was negatively associated with the status 
of ER and PR in luminal A group and it also had an inverse 
linkage with HER2 status. In support, the previous research 
got similar conclusion that most of CD44-negative cases were 
observed in luminal A subtype and the number of CD44-
positive cases in HER2-positive samples was 4.8 times less 
than that of HER2-negative ones (19). KRT5 and KRT17 are 
well-recognized factors for basal-like breast cancer, while 
FOXA1 was enriched in luminal type by activating ER mRNA 
expression (34) and maintaining ER sensitivity (35). Thus, the 
positive correlations between CD44 with KRT5 and KRT17 as 
well as inverse association with FOXA1 suggested that CD44 
was enriched in basal-like breast cancer, which was consistent 
with the finding in our meta-analysis (27).

Activated EGFR stimulated signal transduction pathways 
that were involved in the regulation of several cell functions 
such as cell proliferation and motility (36), including the 
Ras-ERKs (10) and PI3K-AKT pathway (37), both of which 
were growth-promoting signaling cascades. It has been well 
demonstrated that dysregulation of EGFR plays key roles 
in the malignant transformation and tumor development of 
diverse tumors such as lung cancer (38), oral cancer (39), hepa-
tocarcinoma (40), and gastrointestinal (41), and breast cancer 
(42). By receptor and ligand overexpression and deficiency of 
specific phosphatases, EGFR promoted carcinogenesis (43). 
EGFR combined with DNA-PK in the nucleus to enhance 
DNA-PK activity and DNA repair (44), which resulted in 
radiotherapy-resistance.

In primary head and neck squamous cell carcinoma, the 
expression patterns of CD44 and EGFR were overlapping and 
were significantly connected (45). Although CD44 and EGFR 
have great impact on the initiation and progression of breast 
cancer, whether there was any connection between CD44 and 
EGFR still lacks direct evidence in breast cancer. Our study 
of immunohistochemistry analysis on TMA and correlation 
analysis on GSE42568 supported that the expression of CD44 
was positively correlated with EGFR. Blocking activity of 
EGFR with erlotinib impaired the ability of migration and 

invasion of breast cancer cells. Further analysis by western 
blotting displayed that blockade of EGFR resulted in the 
downregulation of p-AKT, p-ERK and CD44. Besides, CSCs 
proteins KLF4, Myc and mesenchymal protein Slug and Snail 
were also reduced by inhibition of EGFR. These supported 
that high EGFR activity in basal type might drive CSC prop-
erty and EMT phenotype. EMT process is controlled by both 
transcriptional and post-transcriptional regulation (46). The 
detailed mechanism by which EGFR-TKIs reverse EMT needs 
further classification. The EGFR-TKI reduced migration and 
invasion of in vitro cultured breast cancer cells. Ongoing 
study on xenograft mouse model will test whether EGFR-TKI 
inhibits in vivo invasion, thereby reducing metastasis. It 
has been reported that CD44+/CD24- CSCs are resistant to 
conventional chemotherapy, but sensitive to Cdk2 inhibitor 
(47), suggesting that patients with CD44 high expression may 
need personalized therapeutic strategy.

In conclusion, this study demonstrated the expression 
of CD44 was upregulated in breast cancer and was closely 
correlated with high grade. More importantly, our research 
indicated that EGFR exert effects on the initiation and 
progression of breast cancer through upregulating the level 
of CD44 and related markers of cancer stem cells and EMT. 
Identification of possible interaction between CD44 and 
EGFR could provide better understanding of the development 
of breast cancer as well as help improve therapy strategy for 
breast cancer patients.
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