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ABSTRACT

Introduction: Breast cancer is the most common of all cancers worldwide. It is rare among men of all ages and
women less than 30 years. Incidence rates increase over a lifetime, slowing down around menopause. National
Cancer Institute (NCI) in Egypt reported that breast cancer represents 35.1% of all female cancers. Both Diabetes and
breast cancer are common chronic diseases in women. Nearly 16% of breast cancer patients have diabetes. Aim: This
study was aiming to assess the level of CD44 and ILGF 1 in female patients with breast cancer with and without type
11 diabetes mellitus. Patients and Methods: 53 Egyptian females with breast cancer had attended Minia Oncology
Center. They were classified into 2 groups according to the presence of diabetes. Tissue CD44 and Tissue IGF-1
receptors expression, Estrogen Receptors, Progesterone Receptors expression were all estimated. Results: Egyptian
females with breast cancer and diabetes had significantly higher IGF-1R and higher CD44 Expression and lower ER
and PR Expression in malignant. Conclusion: The presence of diabetes mellitus may be an important contributor to
breast cancer risk among Egyptian females. Both IGF-1R and/or CD44 over-expression associated with poor clinic-
pathological outcomes of breast cancers among diabetic females.
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INTRODUCTION

Breast cancer is the most common of all cancers worldwide, New cases of breast cancer diagnosed in 2012 were
more than 1.4 million, it’s responsible for nearly 700,000 deaths worldwide every year [1]. It is rare among men of
all ages and women who are younger than 30 years. Incidence rates increase over a lifetime, slowing down around
menopause [2]. There is very limited data as regards the prevalence and the incidence of breast cancer among Egyptian
females; however, the National Cancer Institute (NCI) in Egypt reported that breast cancer represents 35.1% of all
female cancers [3]. Diabetes mellitus is a global public health concern. 382 million people had diabetes in 2013
and this number is expected to rise to 592 million by 2035 [4]. In Egypt Diabetes is a fast-growing health problem
with a significant impact on morbidity, mortality, and health care resources. The International Diabetes Federation
IDF, (2019) listed that Egypt is one of the 19 countries in the number of patients with diabetes. IDF estimated that
8,222,600 individuals have diabetes with the prevalence of diabetes in adults 9.6% [5].

Diabetes and breast cancer are quite prevalent chronic diseases among women. Approximately 16% of breast cancer
patients suffered from diabetes [6]. Women with diabetes had a 23% greater risk of subsequent breast cancer than
those without diabetes [7]. Also, breast cancer patients who are diabetic have a 32% increased risk of chemotherapy-
related complication and a 24%-61% increased risk of all causes of mortality compared to breast cancer patients
without diabetes [8].

Aim of the Work

This study is aiming to assess the level of CD44 and ILGF 1 in female patients with breast cancer with and without
type II diabetes mellitus.
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PATIENTS AND METHODS

Fifty-three Egyptian females had attended the Minia oncology center. Their median age was 50 years (ranged from
35-70 years). All participants were informed about the aim of this study and were given written consent for their
participation. The study was approved by the hospital’s research ethics board. Patients were included if they are:
Egyptian female, histologically confirmed breast cancer in all stages. Patients were excluded if previously or currently
treated with chemotherapy or radiotherapy, have end-organ failure such as heart, liver, or renal failure. Women with
a history or family history of any cancer or those previously taking contraceptive pills were also excluded. Patients
were divided into 2 subgroups according to diabetes status: Group I included 28 non-diabetic Egyptian females with
breast cancer. Group-II included 25 Egyptian females with breast cancer and type Il DM. We used a comprehensive
questionnaire to collect a complete: history in particularly menstrual, reproductive, menopausal, and diabetes status as
well as family history of breast cancer and other cancers. BMI was calculated for all considering underweight as less
than 18.5 kg/m, normal weight: 18:24, overweight: 25:29.5; obese: 30:35, and morbid obesity as more than 35 [9].

The waist circumference in centimeters was measured by standard measure tape applied to the waist at the level of the
anterior superior iliac spine. Women with a waist circumference of < 88 cm are considered normal [10].

The blood samples were collected after overnight fasting (about 8 hours). These samples were allowed to coagulate
at room temperature for 10 minutes-20 minutes, centrifuged for 5 minutes at the speed of 2000 rpm-3000 rpm then
the supernatant was removed, and plasma was separated and stored at -20°C until the following tests were conducted:
Fasting blood glucose, serum creatinine, liver enzymes, and complete blood counts. The diagnosis of Diabetes Mellitus
was done according to ADA, 2020 guidelines as a patient was considered diabetic if had any of the following criteria:
FPG > 126 mg/dl (7.0 mmol/L), or 2 h PG > 200 mg/dl during an OGTT, Hb A1C > 6.5% or random plasma glucose >
200 mg/dl, in a patient with classic symptoms of hyperglycemia or hyperglycemic crisis. Breast cancer was confirmed
by multiple breast tissue biopsies, while the staging of breast cancer was determined based on the TNM system which
is based on definitions and recommendations of the European Society of Medical Oncology.

For both groups, multiple breast tissue biopsies were obtained from malignant breast and adjacent normal tissues then
fixed and stained with immune-histochemical stain to assess: Estrogen Receptors expression, Progesterone Receptors
expression, Tissue CD44 expression and Tissue IGF-1 receptor expression. The expression of CD44, and IGF-1, in
malignant tissues, was categorized using the following four-point scale:

. 0 pointed to negative or <10% positive cells

. 1+ pointed to 10% to 50% positive cells with weak brawn staining
. 2+ pointed to >50% positive cells with weak brawn staining

. 3+ pointed to >50% positive cells with strong brawn staining 11

According to the final staining score for the expression of CD44: IHC 0 and 1+ were considered low expression and
IHC 2+ and 3+ were considered a high expression

The expression of ER-a and ER-} were classified as follows:

. 0 pointed to <10% positive cells

. 1+ pointed to 10% to 50% positive cells with weak staining

. 2+ pointed to >50% to 80% positive cells with strong staining
. 3+ pointed to >80% positive cells with strong staining

Data were analyzed with the IBM Statistical Package for the Social Sciences (SPSS) version 20.0. p-values less than
0.05 were considered statistically significant.

RESULTS

This study included 53 Egyptian females with a median age was 50 years old (ranged from 35-70) with biopsy-
confirmed breast cancer, sub-grouped into two groups: Group-I had included 28 non-diabetic Egyptian females with
breast cancer, group-II involved 25 Egyptian females with breast cancer and type II diabetes mellitus. Diabetic patients
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presented with significantly older age (p=0.009), higher BMI (p=0.003), higher fasting blood sugar (p=0.001), larger
tumor size (p=0.009), and greater number of LN metastasizes (p=0.006) higher probability for distant Metastasizes
(p=0.003) compared with non-diabetic counterparts Table 1. Also, diabetic patients had significantly lower ER and PR
Expression in malignant tissues (p-value=0.045 and 0.001 respectively) with significantly higher histological grading
(p-value= 0.02) compared with non-diabetic patients. IGF-1R Expression in malignant tissues was significantly
higher in diabetic versus non-diabetic patients (p=0.03) (Table 2). Malignant tissues had a significantly higher CD44
Expression in diabetic versus non-diabetic patients (p=0.028) (Table 3). Also, CD44 Expression in normal adipose
tissues was significantly higher in diabetic versus non-diabetic groups (p=0.041) (Table 4). The study also revealed
a significant Correlations between CD44 and IGF-1R in both malignant and normal breast tissues (p<0.001, 0.008,
<0.001, and 0.004 respectively) among both diabetic and non-diabetic patients.

Table 1 Demographic and clinical data of a diabetic and non-diabetic group of patients

Statistics# DM N Mean Std D p-value
Non-Diabetic 28 47.79 13.737
Age (years) 0.009*
Diabetic 25 56.28 7.662
Non-Diabetic 28 28.652 5.1228
BMI (kg/in?) 0.003*
Diabetic 25 32.537 3.8118
Non-Diabetic 28 95.39 12.218
F.B.S (mg/dl) 0.001*
Diabetic 25 215.96 49.302
Non-Diabetic 28 8.321 6.695
Tumor size (cm?) (tumor surface area) 0.008*
Diabetic 25 13.132 7.3809
Non-Diabetic 28 10.57 10.189
LN Metastasis (No. of lymph nodes) 0.006%*
Diabetic 25 18.84 9.254
Non-Diabetic 28 8 -
Distant Metastasis (%) 0.001*
Diabetic 25 14 -

*: Statistically significant

Table 2 Expression of IGF-1R in Normal and malignant breast tissues

Tissues (a) = Mean=SD | Mean Rank Sum of Ranks Z p-value

IGF.IR Distribution (%) of positive Normal = 8.87+14.6 30.82 1633.5 27 | o001
cells throughout the slide Malignant =~ 62.4 +31.4 76.18 4037.5
Table 3 Expression of CD44 among Normal and malignant breast tissues
Normal tissue Malignant tissue
Expression p-value
N=53 N=53
Low 35 (66%) 21 (39.6%)
CD 44 0.006*
High 18 (34%) 32 (60.4%)
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Table 4 Expression of CD44 findings among diabetic and non-diabetic patients

DM Expression p-value
o Low 22 (78.6%)
Non-Diabetic (N=28) .
High 6 (21.4%)
CD44 expression in normal tissue 0.041*
o Low 13 (52%)
Diabetic (N=25) -
High 12 (48%)
o Low 15 (53.6%
Non-Diabetic (N=28) -
High 13 (46.4%)
CD44 expression in malignant tissue 0.028*
o Low 6 (24%)
Diabetic (N=25) -
High 19 (76%)

DISCUSSION

Breast cancers are the most common cancers affecting females worldwide, In Egypt, cancer breast represents 18.9%
of total cancer cases (32.04% in women and 2.2% in men) with an age-adjusted rate of 49.6 per 100 000 population.
S-year survival about 97% in its early stage but it decreases to 20% once it metastasis to other body parts [11]. Type
IT diabetes mellitus and breast cancers are major causes of morbidity and mortality worldwide [6]. There is a 20%
increased risk for breast cancer in patients with Type II diabetes mellitus. Diabetes also increases cancer mortality
from 15% to 30% [12]. Moreover, 16% of patients with breast cancer suffered from diabetes [13]. Also, diabetes
mellitus has been identified as an independent predictor of poor prognosis in patients with cancer breast [6].

The study was aiming to clarify the associations of Type II DM, CD44, and IGF 1R expression with clinic-pathological
presentations of breast cancer among a sample of Egyptian females. This sample of Egyptian diabetic females with
breast cancers had older age (mean=56.2 vs. 47.8), higher BMI (mean=32.5 vs. 28.65) compared with non-diabetic
patients. These results were matched with Luo, et al. who also showed older age for diabetic women with cancer
breast, (mean=71.9 y) compared with non-diabetic cancer breast patients [14]. Also, it is consistent with He, et al.
who showed that patients with Type II DM with breast cancer were older [15]. With aging, there is a higher risk for the
development of type II diabetes due to the combined effects of increasing insulin resistance and impaired pancreatic
islet function. Age-related insulin resistance appears to be primarily associated with adiposity, physical inactivity, and
sarcopenia [16].

Lorincz, et al. tried to explain the association between type II DM and postmenopausal breast cancers by the existence
of metabolic syndrome which leads to hyper-insulinemia and overexpression of insulin receptors and Insulin-like
Growth Factor (IGF-1) both act as mitogens [17]. Also presence of underlying obesity (as most type Il DM patients
are obese) results in hyperestrogenemia by peripheral aromatization of androgens in adipose tissue and Adipokines
such as leptin, chemerin, and Adiponectin with their roles in the initiation and progression of breast cancer. The study
showed that breast cancer patients with Type Il DM were likely to be overweight or obese (BMI, > 25 kg/m?) compared
with non-diabetic patients. Also, the current study showed that the diabetic females with breast cancers are presented
with higher breast cancer TNM scoring, larger tumor size greater number of LN metastases, and a higher probability
for distant metastasis when compared with non-diabetic patients. So the presence of diabetes was associated with
more aggressive breast cancer. It also associated with negative ER, negative PR more than non-diabetic patients. Our
results were matched with He, et al. who showed that Type II DM with breast Cancer had higher TNM staging, higher
Lymph nodes involvement compared with non-diabetic patients [15]. Similar results were achieved also by Li, et al.
as the majority of histological grade in diabetic patients with breast cancer, was II+11I-class, Lymph node metastasis
was more in breast cancer patients with diabetes [18]. Also, Srokowski, et al. demonstrated that a higher percentage of
women with Type II DM and breast Cancer presented with a more advanced stage than non-diabetic one [8].

Similarly, Zhihua, et al. confirmed that patients with breast cancer and type II diabetes mellitus had more adverse
outcomes throughout the full course of disease i.e., at the first presentation, throughout therapy, the pattern of
recurrence finally cancer-related mortality [18]. These constellations of data reflect the poor prognostic effect of type
I diabetes mellitus on outcomes of breast cancers. These data are in disagreement with Luo, et al. who found that the
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presence of diabetes did not cause a statistically significant difference in tumor characteristics, including size, lymph
nodes, grade, and estrogen and progesterone receptor status [19]. A probable explanation as these studies did not adjust
for some confounding factors such as duration of DM, the difference in a regimen of therapy (insulin versus oral anti-
diabetic medication), and intensive glycemic control versus less controlled diabetes, all must be taken into account to
analyze the effect of diabetes on the prognosis of breast cancer.

IGF1 is the major mediator of the effects of the growth hormone; it thus has a strong influence on cell proliferation
and differentiation and is a potent inhibitor of apoptosis. So IGF-I stimulation contributes to breast cancer progression
through its mitogenic and antiapoptotic effects on the mammary epithelial cells.it also protects breast cancer cells from
the toxic effects of radio- and chemotherapy [20].

The present study showed that there was a significant increase in the expression of IGF-1R in malignant breast tissues
compared with normal breast tissues and more in diabetics than non-diabetics patients. This was in agreement with
Xin, et al. who found similar results in cancer breast patients with diabetes [21]. Also, Yerushami, et al. showed that
IGF-1R expression was higher in malignant cases compared to benign cases (46% vs. 15%) [22].

The increased expression of IGF-1 receptors was significantly associated with higher breast cancer TNM staging; larger
tumor size, higher rate of LN metastasis, and distant metastasis. It also was significantly co-related with negativity
for both ER and PR receptors. These results were in agreement with Bahhnassy, et al. who found that high levels of
IGF-I were significantly associated with lymph nodes metastasis, distant metastasis, higher incidence of ER and PR
receptors negativity [23]. Also, Al Sarakbi, et al. showed that the level of IGF-I mRNA expression was correlated to
nodal metastasis and considered it as the best single prognostic indicator in human breast cancer [24]. Duggan, et al.
identified IGF-1R overexpression as a marker of aggressive breast cancer and considered higher IGF-1R expression as
independent predictors for poor overall survival and a higher rate of lymph nodes invasion [25]. Moreover, Alexandre
Arcaro, concluded that inhibition of IGF-1R can be a potentially valuable target for breast cancer treatment [26]. In
contrast Xin, et al. demonstrated that there was no correlation between IGF-1R expression clinic-pathological factors,
such as the size of the tumor, lymph node metastasis, pathological type, ER, and PR status in the diabetic patient [21].

Also, Shin, et al. showed that Positive IGF-1R expression was associated with a positive hormone receptor status (for
both ER and PR) [27].

CD44 is amarker of tumor-initiating cells, plays a role in tumorigenesis, and is linked to the progression of breast cancer
CD44 was also reported to have an impact on the prognosis of breast cancer including recurrence and chemoresistance
[28].

The study found that CD44 was significantly expressed in higher levels in malignant breast tissues compared with
normal breast tissues (60.4% vs. 34%) with more levels in malignant breast tissues in diabetic patients compared with
non-diabetic patients (76% vs. 46.4%). This was in agreement with Xu, et al. who found that the level of CD44 was
higher in breast cancer tissues than in normal breast tissues [29].

This study explored that CD44 receptor expression was positively correlated with higher breast cancer TNM staging;
larger tumor size, LN metastasis, and probability of distant cancer metastasis. Also, it was significantly correlated with
higher histological grades of breast cancer, and higher incidence of ER, PR negativity in breast cancers. This was in
agreement with Xu, et al. who found that CD44 protein abundance was greatly elevated in high-grade breast cancer
tissues, and a higher level of CD44 was significantly correlated with lower status of ER and PR [29]. Similar results
were confirmed by McFarlane, et al. who showed that Strong CD44 expression was associated with high-grade tumors,
PR, ER negativity [30]. Klingbeil, et al. also reported that CD44 expression is associated with negative ER, PR [31].
These results signify that overexpression of CD44 receptors in malignant tissues linked to poorer prognosis in patients
with breast cancers and diabetes mellitus. But Horiguchi, et al. had different results as higher CD44 expression was
significantly correlated with smaller tumor size, negative axillary lymph node metastasis [32]. Also Natkshatri, et al.
demonstrated that CD44 often correlates with a favorable prognosis in early noninvasive breast cancer, and indeed,
CD44 may not function as a marker of tumor-initiating cells at this phase in breast cancer progression [33]. This
inconsistency of results between these studies and our study could be explained by the variations in assessing CD44

mRNA expression might also contribute to heterogeneity methods and cutoff values used to assess CD44 expression
were different [29].
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CONCLUSION
The present study showed a significant positive correlation between CD44 and IGF-1R in both malignant and normal
breast tissues among both diabetic and non-diabetic patients.
DECLARATIONS
Contribution Details

Royana Singh contributed to the conception, design, and writing of the study protocol and the design of search
strategies; she located and obtained trial reports, helped to select and assess trials, conducted the data analysis, drafted
and approved the final paper. Shubhrendu Shekhar Pandey contributed to the conception of the study protocol and the
design of search strategies; he helped to locate and obtain trial reports and revised and approved the final paper. Ashish
Ashish, Bhupendra Kumar helped to select and assess trials, contributed to the data analysis, revised and approved
the final paper. All authors contributed to the conception, design, and writing of the study protocol conducted data
analysis, and revised and approved the final paper.

Source(s) of Support

This research was Sponsored Multi-Disciplinary Research Units (MRUs) grant by ICMR and the Department of
Health Research.

Conflicts of Interest

The authors declared no potential conflicts of interest concerning the research, authorship, and/or publication of this

article.

REFERENCES

[1] Ferlay, Jacques, et al. “Cancer incidence and mortality worldwide: Sources, methods and major patterns in
GLOBOCAN 2012.” International Journal of Cancer, Vol. 136, No. 5, 2015, pp. E359-86.

[2] Jemal, Ahmedin, et al. “Cancer statistics, 2007.” CA: A Cancer Journal for Clinicians, Vol. 57, No. 1, 2007, pp.
43-66.

[3] El Saghir, Nagi S., et al. “Trends in epidemiology and management of breast cancer in developing Arab countries:
A literature and registry analysis.” International Journal of Surgery, Vol. 5, No. 4, 2007, pp. 225-33.

[4] Guariguata, Leonor, et al. “Global estimates of diabetes prevalence for 2013 and projections for 2035.” Diabetes
Research and Clinical Practice, Vol. 103, No. 2, 2014, pp. 137-49.

[5] IDF, DA. “International Diabetes Federation Diabetes Atlas.” 2019.

[6] Zhao, Xiao-Bo, and Guo-Sheng Ren. “Diabetes mellitus and prognosis in women with breast cancer: A systematic
review and meta-analysis.” Medicine, Vol. 95, No. 49, 2016, p. €5602.

[7] De Bruijn, K. M. J., et al. “Systematic review and meta-analysis of the association between diabetes mellitus and
incidence and mortality in breast and colorectal cancer.” British Journal of Surgery, Vol. 100, No. 11, 2013, pp.
1421-29.

[8] Srokowski, TomaszP., etal. “Impact of diabetes mellitus on complications and outcomes of adjuvant chemotherapy
in older patients with breast cancer.” Journal of Clinical Oncology, Vol. 27, No. 13, 2009, pp. 2170-76.

[9] National Heart, Lung, and Blood Institute. “Obesity education initiative electronic textbook-Treatment guidelines.”
1998.

[10] Senkus, E., et al. “Primary breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-
up.” Annals of Oncology, Vol. 26, 2015, pp. v8-v30.

[11]“Breast Cancer: Statistics.” Cancer.Net Editorial Board. https://www.cancer.net/cancer-types/breast-cancer/
statistics

[12] Tsilidis, Konstantinos K., et al. “Type 2 diabetes and cancer: Umbrella review of meta-analyses of observational
studies.” BMJ, Vol. 350, 2015.

192


https://www.cancer.net/cancer-types/breast-cancer/statistics
https://www.cancer.net/cancer-types/breast-cancer/statistics

Ahmed, et al. Int J Med Res Health Sci 2021, 10(4): 187-193

[13] Wolf, Ido, et al. “Diabetes mellitus and breast cancer.” The Lancet Oncology, Vol. 6, No. 2, 2005, pp. 103-11.

[14]Luo, Juhua, et al. “Diabetes, diabetes treatment and breast cancer prognosis.” Breast Cancer Research and
Treatment, Vol. 148, No. 1, 2014, pp. 153-62.

[15]He, D. E., et al. “Clinicopathological characteristics and prognosis of breast cancer patients with type 2 diabetes
mellitus.” Molecular and Clinical Oncology, Vol. 3, No. 3, 2015, pp. 607-12.

[16] Amati, Francesca, et al. “Physical inactivity and obesity underlie the insulin resistance of aging.” Diabetes
Care, Vol. 32, No. 8, 2009, pp. 1547-49.

[17]Lorincz, A. M., and S. Sukumar. “Molecular links between obesity and breast cancer.” Endocrine-Related
Cancer, Vol. 13, No. 2, 2006, pp. 279-92.

[18]Li, Zhihua, et al. “Clinical features and molecular phenotypes of breast cancer in patients with type-2 diabetes
mellitus.” Asian Pacific Journal of Cancer Prevention, Vol. 12, No. 9, 2011, pp. 2183-88.

[19]Luo, J., et al. “Pre-existing diabetes and breast cancer prognosis among elderly women.” British Journal of
Cancer, Vol. 113, No. 5, 2015, pp. 827-32.

[20]Holly, Jeff. “Insulin-like growth factor-1 and risk of breast cancer.” The Lancet, Vol. 352, No. 9137, 1998, p. 490.

[21]Xin, Chen, et al. “The expression difference of insulin-like growth factor 1 receptor in breast cancers with or
without diabetes.” Journal of Cancer Research and Therapeutics, Vol. 11, No. 2, 2015, pp. 295-99.

[22] Yerushalmi, Rinat, et al. “Insulin-like growth factor receptor (IGF-1R) in breast cancer subtypes.” Breast Cancer
Research and Treatment, Vol. 132, No. 1, 2012, pp. 131-42.

[23] Bahhnassy, Abeer, et al. “Transforming growth factor-f, insulin-like growth factor I/insulin-like growth factor
I receptor and vascular endothelial growth factor-A: Prognostic and predictive markers in triple-negative and
non-triple-negative breast cancer.” Molecular Medicine Reports, Vol. 12, No. 1, 2015, pp. 851-64.

[24] Al Sarakbi, W., et al. “The mRNA expression of IGF-1 and IGF-1R in human breast cancer: Association with
clinico-pathological parameters.” Journal of Carcinogenesis, Vol. 5, 2006, p. 16.

[25] Duggan, Catherine, et al. “Associations of insulin-like growth factor and insulin-like growth factor binding
protein-3 with mortality in women with breast cancer.” International Journal of Cancer, Vol. 132, No. 5, 2013,
pp. 1191-200.

[26] Arcaro, Alexandre. “Targeting the insulin-like growth factor-1 receptor in human cancer.” Frontiers in
Pharmacology, Vol. 4, 2013, p. 30.

[27] Shin, Su-Jin, et al. “Positive expression of insulin-like growth factor-1 receptor is associated with a positive
hormone receptor status and a favorable prognosis in breast cancer.” Journal of Breast Cancer, Vol. 17, No. 2,
2014, pp. 113-20.

[28] Boulbes, Delphine R., et al. “CD44 expression contributes to trastuzumab resistance in HER2-positive breast
cancer cells.” Breast Cancer Research and Treatment, Vol. 151, No. 3, 2015, pp. 501-13.

[29] Xu, Hanxiao, et al. “Enrichment of CD44 in basal-type breast cancer correlates with EMT, cancer stem cell gene
profile, and prognosis.” OncoTargets and Therapy, Vol. 9, 2016, pp. 431-44.

[30] McFarlane, Suzanne, et al. “CD44 increases the efficiency of distant metastasis of breast cancer.” Oncotarget, Vol.
6, No. 13,2015, p. 11465-76.

[31]Klingbeil, Pamela, et al. “CD44 is overexpressed in basal-like breast cancers but is not a driver of 11p13
amplification.” Breast Cancer Research and Treatment, Vol. 120, No. 1, 2010, pp. 95-109.

[32]1Horiguchi, Kazumi, et al. “Predictive value of CD24 and CD44 for neoadjuvant chemotherapy response and
prognosis in primary breast cancer patients.” Journal of Medical and Dental Sciences, Vol. 57, No. 2, 2010, pp.
165-75.

[33] Nakshatri, Harikrishna, Edward F. Srour, and Sunil Badve. “Breast cancer stem cells and intrinsic subtypes:
Controversies rage on.” Current Stem Cell Research and Therapy, Vol. 4, No. 1, 2009, pp. 50-60.

193



