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Objective: CD44st is a member of the CD44 family; abnormal expression of some CD44 

isoforms are closely associated with axillary lymph node metastasis, cancer progression, and 

patients’ prognosis. The objective of this study is to investigate the correlation between the 

expression of CD44st and HER2 in breast cancer and the effect on patients’ prognosis.

Methods: Primers were designed to target the CD44st mRNA (Gene Bank No FJ216964) 

which has been newly identified in a drug-resistant breast cancer cell line. The expression of 

CD44st and HER2 mRNA and proteins in cancerous and paracancerous tissue of postoperative 

breast cancer patients was detected and compared. Tissue samples were obtained from 102 cases 

of invasive ductal carcinoma, 19 cases of intraductal carcinoma, and 11 cases of medullary 

carcinoma. The correlation between CD44st and HER2 expression and clinical pathological 

features was examined.

Results: The expression rate of CD44st mRNA and protein in breast cancer tissue was 64.4% 

(85/132), while HER2 mRNA and protein was expressed in 22.0% (29/106) of the samples. The 

expression of CD44st and HER2 were low in paracancerous tissue. In breast cancer tissue, 

the expression rate of HER2 mRNA and protein in the CD44st-positive group was 28.2% 

(24/85), and 10.6% (5/47) in the CD44st-negative group. This difference was statistically sig-

nificant (P=0.015). Sequencing analysis showed that the amplified CD44st gene in this study 

was the same as that which was previously discovered in the drug-resistant breast cancer cell 

line. A linear correlation was found between the expression of CD44st and HER2 (r=0.972, 

r2=0.945, F=2,213.51, P,0.001). The expression of CD44st and HER2 was also closely associ-

ated with luminal cancer subtypes, lymph node metastasis, and TNM stage (P,0.05), but not 

associated with age, pathological type, or tumor size (P.0.05). The median overall survival 

in the CD44st high-expression group was 51.85 months (95% CI: 48.48–55.22), which was 

significantly shorter than that in the CD44st low-expression group (57.61 months; 95% CI: 

55.54–59.68, P=0.032).

Conclusion: CD44st is closely related to the expression of HER2. The expression of CD44st 

affects patient prognosis and is associated with lymph node metastasis, TNM staging, and 

molecular subtyping.

Keywords: CD44st, HER2, invasion, breast cancer, metastasis, prognosis

Introduction
CD44, a ligand of hyaluronan, is an important but unclassified adhesion molecule. 

The CD44 molecule can mediate intracellular cell signaling through its interaction 

with cytoskeletal proteins. An increasing number of studies have shown that the 

CD44 molecule is not only a marker of cancer stem cells but is also directly involved 

in carcinogenesis and tumor progression.1 The abnormal expression of some CD44 

isoforms can significantly increase the invasion capacities of cancer cells and is closely 
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associated with tumors metastasis2,3 and patient prognosis.4,5 

However, research in this field remains controversial. The 

study showed that low CD44 expression was associated with 

higher frequency of recurrence,6 and high CD44s expression 

had a trend toward increased disease-free survival (DFS) 

and disease-related survival, while expression of CD44v6 

isoforms did not correlate with clinical outcome.7 Therefore, 

it is necessary to explore the relationship among the expres-

sion of CD44 isoforms and the progression and prognosis 

of breast cancer.

We cloned a novel short-tailed isoform of CD44st from 

the multidrug-resistant MCF-7/Adr breast cancer cell line 

(Gene Bank FJ216964). In a previous study, it was found 

that in MCF-7/CD44st cells, hyaluronic acid (HA) can 

interact with CD44st and increase the secretion of MMP-2 

and MMP-9 through the MAPK pathway. This consequently 

increased the invasiveness of tumor cells. The CD44st gene is 

probably also associated with aggressiveness, metastasis, and 

prognosis of breast cancer.8,9 Further studies have suggested 

that HA can upregulate the expression of HER2 and TGFβ, 

induce the activation of the AKT pathway and transcription 

factor AP-1 in MCF-7/CD44st cells, and increase the inva-

siveness of tumor cells.10

Having strong tumor invasion and metastasis ability, and 

consequently associated with a poor prognosis, patients who 

are positive for HER2 account for 15%–20% of all breast 

cancer cases.11 However, chemotherapy combined with anti-

HER2 antibody trastuzumab can improve the prognosis of 

HER2-positive patients in contrast to patients receiving only 

chemotherapy.12,13 Given these observations, it is necessary 

to clarify the correlation between the expression of CD44st 

mRNA and the expression of HER2 mRNA in breast cancer 

tissue, as well as the effect that this expression has on tumor 

metastasis and patient prognosis.

Materials and methods
experimental materials
Patients
Following radical mastectomy, a total of 132 paraffin-embedded 

tissue specimens were collected from the Lianyungang 

Cancer Hospital (Lianyungang Second People’s Hospital) 

between January 2010 and January 2012. These samples 

included 109 cases of invasive ductal carcinomas and 

23 cases of invasive lobular carcinomas. Paracancerous tissue 

was collected as a negative control 5 cm from the tumor. The 

expression of CD44st and HER2 was detected, and the effect 

of their expression on patient prognosis was analyzed. This 

study was approved by the hospital ethics committee and was 

conducted in accordance with the Declaration of Helsinki.

The clinical pathological features of the patients included 

age, TNM staging, pathological type, tumor size, lymph 

node metastasis, and molecular subtyping (Table 1). All 

cases were newly diagnosed and did not receive local radio-

therapy or systemic chemotherapy. Pathological classifica-

tion was based on WHO criteria. Postoperative pathological 

staging was conducted according to criteria presented in 

the American Joint Committee on Cancer (6th edition), and 

according to criteria presented in the National Comprehensive 

Cancer Network Guideline; follow-up was performed every 

3–6 months for the first 5 years, and once a year thereafter. 

Changes in patient condition were recorded. Three cases died 

Table 1 correlations between the expression levels of 
cD44st and her2 mrnas in breast cancer tissues and the 
clinicopathological features of patients

Variables Mean±SD

CD44st HER2

age (years)

,60 9.72±1.24 7.91±1.03

$60 7.84±1.06 8.56±0.96

P-value 0.124 0.469

TnM stage

i–ii 11.36±2.01 12.81±1.69

iii 7.11±1.28 6.46±1.01

P-value 0.037 0.004

Pathological patterns

Infiltrating ductal carcinoma 10.01±1.81 11.23±2.56

Infiltrating lobular carcinoma 8.55±1.35 8.62±1.20

Medullary carcinoma 8.22±1.89 8.30±1.22

P-value 0.441 0.167

Tumor diameter

T1–T2 9.59±2.10 11.21±1.33

T3 8.70±1.20 8.11±1.63

P-value 0.559 0.063

lymph node metastasis

Yes  7.11±1.23 7.51±1.34

no  11.88±1.36 12.01±1.50

P-value 0.011 0.018

Molecular subtype

luminal a 11.23±1.56 10.69±2.05

luminal B 10.59±10.66 9.33±1.96

her2 7.83±1.06 5.61±1.04

Basal-like 7.35±1.22 12.01±1.53

Between groups P-value 0.023 0.009

Notes: expression of cD44st mrna: luminal a vs luminal B, P=0.594; luminal a 
vs her2, P=0.019; luminal a vs Basal-like, P=0.011; luminal B vs her2, P=0.044; 
luminal B vs Basal-like, P=0.025; her2 vs Basal-like, P=0.719. expression of her2 
mrna: luminal a vs luminal B, P=0.354; luminal a vs her2, P=0.006; luminal a 
vs Basal-like, P=0.368; luminal B vs her2, P=0.027; luminal B vs Basal-like, P=0.089; 
her2 vs Basal-like P=0.002.
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of reasons unrelated to cancer or were lost to follow-up, but 

were still included in the study as censored data.

Main reagents
Reverse transcription polymerase chain reaction (RT-PCR) 

kits, Trizol, paraffin-embedded tissue RNA extraction kits 

(k1560-2), and reverse transcription cDNA synthesis kits 

(K1622) were purchased from Thermo Fisher Scientific, 

Inc. (Waltham, MA, USA). High fidelity Taq enzyme, Taq 

DNA polymerase (RR066B), and fluorescence quantitative 

PCR kits (RR066B) were purchased from TaKaRa Bio, 

Inc. (Mountain View, CA, USA). HER2 (2242) and mouse 

anti-human CD44 monoclonal antibodies (14-0441) were 

purchased from Affymetrix, Inc (Santa Clara, CA, USA), 

while the quantitative real-time PCR instrument was pur-

chased from ABI Corporation (Foster City, CA, USA).

experimental methods
RNA extraction from paraffin-embedded tissue, 
semi-quantitative rT-Pcr, and gene sequencing
RNA was extracted from paraffin-embedded tissue using the 

k1560-2 kit according to the manufacturer’s instructions. The 

conditions for cDNA synthesis were 42°C for 60 minutes, 

and 94°C for 5 minutes for 30 cycles. PCR amplification 

conditions were 94°C for 60 seconds, 54°C for 30 seconds, 

72°C for 60 seconds, and 72°C for 10 minutes to terminate 

the reaction. Gene sequencing was performed according to 

the previously described methods.8

Quantitative real-time Pcr (qrT-Pcr) of cD44st 
and her2
CD44st, HER2, and β-actin primers for quantitative fluores-

cence PCR are shown in Table 2. Reaction system: 32.0 µL 

ddH
2
O, 1.0 µL dNTP, 5.0 µL 10× buffer, 4.0 µL MgCl

2
 

(25 mM), 2.0 µL of each of the upstream and downstream 

primers (10 pM), 2.0 µL Taq DNA polymerase (5 U/µL), 

and 2.0 µL cDNA template. The total reaction volume 

was 50 µL. Reaction conditions included 45 cycles of pre-

denaturation at 95°C for 30 seconds, 95°C for 5 seconds, 

and 60°C for 1 minute. Each sample was run in triplicate, 

while β-actin acted as an internal reference. The qRT-PCR 

reaction system in this study was stable and reproducible, 

and no nonspecific amplification was observed. In order to 

obtain the relative expression of the target genes to the ref-

erence β-actin gene, the ∆Ct value in the tumor tissue was 

calculated as Ct
target gene

 − Ctβ-action
.

immunohistochemical assay
The immunohistochemical assay was performed according 

to the manufacturer’s instructions (SA2001; Zemai Biotech, 

Shanghai, China). Four high-power fields with 100 tumor 

cells/high-power field were randomly selected from each 

slide. Positive cells were summed and divided by 400 to 

obtain the positive rate for tumor cells. In scaling results, 

1, 2, 3, or 4 points were awarded when positive cells were 

identified in ,25%, 26%–50%, 51%–75%, and at least 76% 

of the slides, respectively. According to the intensity of stain-

ing, a yellow color was awarded 1 point, brown-yellow was 

scored as 2 points, and brown was given 3 points. Taking the 

sum of the positive rate and staining intensity, a total score of 

1–2 was “−”, 3 was “+”, 4–5 was “++”, and 6–7 was “+++” 

(#3 points was considered to be negative, while .3 points 

was considered positive).

statistical analyses
Statistical analyses were performed using SPSS 16.0 

software (SPSS Inc., Chicago, IL, USA). Continuous data 

were expressed as mean±SD (x±s). The chi-squared test 

was used to compare the ratios between the two groups. A 

Kolmogorov-Smirnov test (K-S) test showed that CD44st and 

HER2 mRNA were 0.13 and 0.18, respectively, suggesting 

that the data were normally distributed. Spearman correlation 

was used to evaluate the correlation between CD44 protein 

expression and the average ∆Ct of CD44st mRNA. Uni and 

multifactorial analysis methods were all used to analyze the 

clinical pathological features which include age, TNM stag-

ing, pathological type, tumor size, lymph node metastasis, 

and molecular subtyping. The correlation between CD44st 

Table 2 Pcr primer sequences

Genes Primer Sequences Gene products (bp)

cD44st Forward primer 5′-cccTgcTaccagacacTca-3′ 281

reverse primer 5′-TgTTcaccaaaTgcaccaT-3′

her2 Forward primer 5′-cTggTgacacagcTTaTgcccT-3′ 113

reverse primer 5′-aTccccTTggcaaTcTgca-3′

β-actin Forward primer 5′-cTcgcgcTacTcTcTcTTTc-3′ 330

reverse primer 5′-caTgTcTcgaTcccacTTaac-3′
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and HER2 mRNA expression was investigated using linear 

correlation analysis. The Kaplan–Meier method was used for 

survival analysis. Death due to reasons unrelated to cancer 

and those lost to follow-up were treated as censored data. A 

P,0.05 was considered to indicate statistical significance.

Results
expression of cD44st and her2 mrna 
and protein in breast cancer
Expression of mRNA and protein for the CD44st and HER2 

genes were not observed in any paracancerous tissue. In 

cancer tissue from 132 patients, there were 85 (64.4%) 

patients who were positive for both CD44st mRNA and 

CD44 protein, and 47 (35.6%) patients who were negative 

for both. In terms of HER2 expression, 29 (22.0%) patients 

showed positivity for both HER2 mRNA and protein, while 

103 (78.0%) patients were negative for both mRNA and 

protein. Subgroup analysis showed, among 85 patients with 

positive CD44, 24 (28.2%) patients also had positive HER2 

expression, while 61 (71.8%) patients were HER2 nega-

tive. Among 47 patients with negative CD44st, 5 (10.6%) 

patients had positive HER2 expression and 42 (89.4%) were 

HER2 negative. The positive expression rates of HER2 in 

CD44-positive and CD44-negative groups were significantly 

different (P=0.015, Table 3, Figures 1 and 2).

expression of cD44st mrna and cD44 
protein in breast cancer tissue
The expression of CD44 protein in tissue samples was 

detected by immunohistochemical assays, with the score 

ranging between 2 and 7. The expression of CD44st mRNA 

was measured by average Ct value. Spearman correlation 

analysis was used to evaluate the relationship between CD44 

protein and mRNA expression. Results showed that the aver-

age Ct value of CD44st mRNA was closely correlated with 

CD44 protein (r=0.811, P=0.011).

correlation between cD44st and her2 
mrna expression in breast cancer tissue
After normalization with internal reference genes, the median 

Ct value of CD44st and HER2 mRNA in breast cancer tissue 

was 8.91 and 9.39, respectively. Correlation analysis showed 

that the mRNA expression of CD44st and HER2 was lin-

early correlated (r=0.972, R2=0.945, F=2,213.5, P,0.001, 

Figure 3).

The relationship between cD44st 
and her2 mrna expression and 
clinicopathological features
The expression of CD44st and HER2 mRNA was closely 

associated with tumor TNM stage, lymph node metastasis, 

and molecular subtyping. The differences in expression were 

statistically significant (P,0.05). There was no significant 

association between the expression of CD44st and HER2 

mRNA and age, pathological type, and tumor size (P.0.05, 

Table 1). This conclusion was also confirmed by multivariate 

logistic regression analysis when HER2 mRNA was set as 

the dependent variable and the ∆Ct value of the expression of 

CD44st was examined (CD44st, R2=0.826; HER2, R2=0.853, 

P,0.05).

effect of cD44st and her2 expression 
on disease-free and Os
A receiver operating characteristic curve was used to evaluate 

the significance of CD44st and HER2 expression in predict-

ing patient prognosis. The corresponding Youden index was 

the best cutoff value. The best cutoff Ct values of CD44st 

and HER2 mRNA were 9.11 and 9.69, respectively. The 

median DFS in the CD44st high-mRNA expression group 

was 46.89 months (95% CI: 42.81–50.97 months), while 

the median DFS in the CD44st low-expression group was 

53.34 months (95% CI: 49.80–56.88 months, P=0.037; 

Figure 4). The median OS in the CD44st high-mRNA expres-

sion group was 51.85 months (95% CI: 48.48–55.22 months), 

Table 3 expression of cD44st mrna as well as cD44 and 
her2 mrna protein in the tissues of 132 patients with breast 
cancer (%)

Group N HER2+ HER2−

cD44 positive 85 24 (28.2) 61 (71.8)

cD44 negative 47 5 (10.6) 42 (89.4)

Note: P=0.015, spearman correlation, r=0.204.

Figure 1 expression of cD44st and her2 in breast cancer tissues.
Notes: Tissue specimen from five different patients (1–5); N – blank control. 
(A) cancer tissues; (B) pericarcinoma tissues.
Abbreviation: M, marker.

β

β
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while the median OS in CD44st low-expression group was 

57.61 months (95% CI: 55.54–59.68 months, P=0.032; 

Figure 5). The median DFS in the HER2 high-mRNA expres-

sion group was 47.65 months (95% CI: 43.34–51.95 months), 

and 56.63 months (95% CI: 54.16–59.11 months) in the 

low-expression group (P=0.002; Figure 6). The median 

OS in HER2 high- and low-mRNA expression groups 

was 48.42 months (95% CI: 44.36–52.49 months) 

and 57.56 months (95% CI: 55.46–59.66 months), 

respectively (P,0.001; Figure 7).

Discussion
Our study confirms that CD44st and HER2 mRNA are highly 

expressed in breast cancer but not adjacent tissue, and that 

Figure 2 expression of the cD44 and her2 proteins in breast cancer tissues detected by using immunohistochemistry method.
Notes: (A) cD44-negative tissue from breast cancer (blank control ×400); (B) her2-negative tissue from breast cancer (blank control ×400); (C) cD44-negative tissue 
from breast cancer (negative control ×400); (D) her2-negative tissue from breast cancer (negative control ×400); (E) cD44-positive tissue from breast cancer; (F) her2-
positive tissue from breast cancer.

Figure 3 expression of cD44st and her2 mrnas in breast cancer tissues.
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CD44st and HER2 mRNA expression is linearly correlated. 

CD44st expression is significantly higher in Luminal A 

and Luminal B cancer subtypes than in HER2-positive 

and basal cell cancer subtypes. For the reason of lacking 

CD44st-specific monoclonal antibody, CD44 monoclonal 

antibody and specific CD44st mRNA primer were used 

for detecting expression of CD44st in the tissue of breast 

cancer patients. A previous study has also shown that, when 

compared to HER2-negative patients, the expression of HA 

in breast cancer cells and the expression of CD44 in tumor 

stromal cells are significantly increased in HER2-positive 

patients. Moreover, positive results for CD44 in stromal 

cells are closely associated with positive HER2 results in 

breast cells, estrogen receptor negative, and poor differen-

tiation and patient prognosis. The study suggests that HER2 

expression in tumor cells is closely correlated with HA and 

CD44 expression.14

For breast cancer patients, TNM staging is an independent 

prognostic factor. TNM staging is mainly related to tumor 

size, lymph node metastasis, and distant metastasis. Our study 

confirmed the upregulation of CD44st and HER2 in breast 

cancer tissue and the association of their expression with 

Figure 4 DFS of patients with breast cancer tissues were stratified by CD44st 
mrna expression.
Abbreviation: DFs, disease-free survival.

Figure 5 OS of patients with breast cancer tissues were stratified by CD44st 
mrna expression.
Abbreviation: Os, overall survival.

Figure 6 DFS of patients with breast cancer tissues were stratified by HER2 mRNA 
expression.
Abbreviation: DFs, disease-free survival.

Figure 7 OS of patients with breast cancer tissues were stratified by HER2 mRNA 
expression.
Abbreviation: Os, overall survival.
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lymph node metastasis, molecular subtyping, and TNM stage. 

DFS and OS were significantly lower in CD44st and HER2 

high-expression groups in comparison to low-expression 

groups. Patients with high CD44st and HER2 expression 

were prone to metastasis and relapse, which in turn affected 

patient prognosis.

Recent studies suggest that the multifunctional CD44 

family of proteins are involved in molecular subtyping of 

breast cancer and play an important role in the development 

of the cancer. For example, breast cancer expressing CD44v 

has a better prognosis and is associated with the Luminal A 

cancer subtype. CD44s-associated cancer is linked to HER2-

positive results and basal cell cancer. It is also associated with 

a worse prognosis.15,16 High expression of CD44v2–v10 is 

associated with estrogen receptor positivity, high levels of 

differentiation, and Luminal A cancer, while CD44v8–v10 

is associated with EGFR positivity, low expression of HER2, 

and basal cell cancer.16 Studies also show that in HER2-

positive patients, the serum level of CD44 is closely related 

to survival time and prognosis. For HER2-positive patients, 

CD44 is both a prognostic biomarker and new therapeutical 

target.17 A recent study found that, in MCF-7 cells, hnRNPM 

could affect the invasiveness of tumor cells by regulating 

CD44s. Similarly, in breast cancer tissue, the expression of 

hnRNPM and CD44s was closely correlated and was also 

shown to affect lymph node metastasis and prognosis, thereby 

presenting itself as a potential therapeutic target.18

HA binds to the CD44 isoform which is widely distributed 

on the cell surface and induces the activation of cytoskeletal 

proteins, ankyrins, small G protein Rho, and the PI3K–AKT 

pathway. This leads to the increased adhesion, growth, 

proliferation, migration, and invasiveness of MCF-7 cells.19 

In breast cancer, increased CD44 expression is correlated 

with histological grade, estrogen status, HER2 and EGFR 

receptor expression, and also affects the prognosis of 

HER2-positive patients and patients with basal cell cancer.20 

Furthermore, CD44 expression can cause HER2-positive 

breast cancer cells to become resistant to the trastuzumab 

monoclonal antibody,21 and is also closely associated with 

poor prognosis in some patients.22,23

In some solid tumors, CD44 is an attractive biomarker 

for tumor stem cells. The interaction between HA and 

CD44 activates the EGFR-mediated signaling pathway, 

which affects tumor cell growth, migration, and drug 

resistance. Increasing evidence suggests that differences 

in CD44 isoforms not only affect the transduction of the 

HA–CD44 signaling pathway but is also related to molecular 

typing and tumor progression. Current studies suggest that 

in conjunction with chemo and radiotherapy, the use of 

monoclonal antibodies against different CD44 isoforms 

combined with target agents to suppress HA/CD44-mediated 

signal transduction is a promising strategy for patients with 

advanced tumors.24 Preliminary results in the treatment of 

lung cancer support this hypothesis. In a phase II clinical 

trial targeting small cell lung cancer, the combination of HA 

with irinotecan and carboplatin was well tolerated in CD44s-

positive patients and advanced patient survival.25

However, there are still some disputes concerning the 

effect of the CD44 family proteins on the prognosis of 

patients. For breast cancer patients, the CD44−/CD24+ phe-

notype, common in hormone receptor and HER2-positive 

patients, is negatively correlated with lymph node metastasis, 

and is associated with a better prognosis than other cancer 

subtypes. A less severe prognosis is also observed in hormone 

receptor negative patients expressing CD44.26 A meta-

analysis including 5,697 breast cancer patients concluded 

that CD24 overexpression, but not CD44 and CD44+/CD24 

phenotypes, is closely related to pathological grade, DFS, 

and OS.27 Therefore, the roles of different CD44 isoforms in 

tumor progression, prognosis, and treatment require further 

investigation.

Studies find that the binding of HA to CD44 can regulate 

the activity of EGFRs.28 CD44 and EGFR are coexpressed 

on the cell membrane and can activate downstream signal-

ing proteins MAPK/ERK and calmodulin kinase II, thereby 

affecting cell differentiation.29 In patients with HER2-

positive breast cancer, the level of serum CD44 is signifi-

cantly increased. This suggests that it may be worthwhile 

to further examine the role of CD44 for its potential to 

reverse trastuzumab resistance, as well as to serve as a 

prognostic biomarker.30 A study by Bellerby et al confirmed 

that overexpression of CD44 was associated with estrogen 

resistance and promoted the invasive ability of drug-resistant 

cells. In estrogen-sensitive MCF-7 cells, overexpression of 

CD44v6 can enhance the invasiveness of tumor cells and 

reduce its response to anti-estrogen agents by activating the 

EGFR signaling pathway. CD44v6 or EGFR-targeted therapy 

was able to delay or prevent breast cancer resistance.31

Conclusion
CD44st is closely correlated with HER2 expression in breast 

cancer patients and may have significant effects on lymph 

node metastasis, TNM staging, molecular subtyping, and 

patient survival. Our study provides a theoretical basis for 
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molecular therapy targeting CD44st and HER2, and also 

opens a new direction for the in-depth investigation into the 

role of CD44st and HER2 in tumor stem cells and multidrug 

resistance.
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