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Abstract 

Breast cancer (BC) Is the most widely recognized threatening malignant disease around the whole world. It Is 

the second most incessant reason for malignant tumor growth related to death among woman at different ages. 

Inflammatory Breast Cancer (IBC) Is the most lethal form of BC with low survival rate. Because of lacking 

molecular markers, identification of new unique markers for IBC Is warranted.  Hyaluronic acid synthases 

(HASs), particularly HAS2, have shown a critical role in the metastasis of non-inflammatory breast cancer (non-

IBC). In this study, we assessed HAS2 mRNA expression by qPCR in the human triple negative non-IBC MDA-

MB-231 and IBC SUM-149 cell lines. Our data demonstrated that HAS2 mRNA expression was significantly 

upregulated in IBC vs. non-IBC breast cancer cell lines. In conclusion, the high expression of HAS2 may 

represents a marker for IBC and could have a role in IBC pathogenesis. 
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1. Introduction 

Inflammatory breast cancer (IBC), the most 

aggressive type of breast cancer, with a ratio that up to 

2.5% of newly diagnosed breast cancers in the United 

States[1]. This ratio arrives at a considerably more 

significant level of 5–10% of breast cancer cases in 

North African countries like Tunisia, Morocco, and 

Egypt[2]. IBC Is a unique disease with distinctive 

Physical Properties such as; reddening of the skin 

(erythema), the breast becomes larger in size due to 

edema which accompanies overstated hair- follicle 

bores which makes the skin of the breast appears as an 

“Orange Peel” and presences of lymphatic tumor 

emboli[3]. IBC patients have low odds of survival rate 

with an average of 3 years when compared to non-IBC 

besides the current lack of the appropriate treatment 

methods [1]. In vertebrates, and comparing to other 

GAGs, (HA) Is the largest polysaccharide Is found in 

extra-cellular matrix [4],[5],[36], [38], [39]. Simply 

with a linear, non-sulfated, repeated and unbranched 

disaccharides forming finally polysaccharide 

(glycosaminoglycan) that Is made of D-glucuronic acid 

and N-acetyl-D-glucosamine as substrates [4],[36], [38], 

[39]. HA Is with a key role in many of Physiological 

and Pathological processes including tissue 

development, inflammation, wound healing, tumor 

Progression and metastasis including adhesion and 

migration[6]–[8]. Besides its importance in other 

processes as Proliferation, and apoptosis[9]–[13]. It was 

demonstrated that HA Is responsible for tumor cell 

migration and invasion in vitro, and regulates tumor 

growth and Progression in vivo[14]. Number of cell 

culture studies demonstrated that HA accumulates in 

larger amount in invasive  breast cancer cells than both 

normal tissues and less aggressive cancerous cells, 

especially HA that Is synthesized by HAS2 [15].  

There are three hyaluronan synthase isoforms, 

known as HAS1, HAS2 and HAS3, and they all can 

produce HA at the inner side of the cytoplasmic 

membrane in vertebrates[16],[17]. They can produce 

different sizes of HA molecules with somehow different 

functions. HAS1 and HAS2 produce the large size of  

HA whereas HAS3 produces HA of a smaller molecular 

mass [18]. HAS2 knockout mice die at embryonic 

day9.5 due to cardiovascular defects [8], [19]-[21]. 

Which makes HAS2 the major isoform responsible for 

the synthesis of hyaluronan in mesenchymal cells[19]. 

That make us believe that it may have a critical role in 

IBC Progression and subsequent metastasis. So, the aim 

of this study was to characterize the expression of HAS 

enzymes in IBC vs non-IBC human breast cancer cell 

lines on mRNA level using real-time PCR (qPCR).  

 

2.Material and methods 

2.1Cell lines 

In this study, we used two human breast cancer 

cell lines MDA-MB-231 (ATCC® HTB-26™), 

representing non-IBC, and SUM-149 (a kindly gift from 

Bonnie Sloan, Wayne State University, Detroit, MI, 

USA) representing IBC. MDA-MB-231 cells were 

cultured in DMEM medium with 10% fetal bovine 

serum and 1% of Penicillin/streptomycin antibiotic 

mixture. SUM-149 cells were cultured in HAM‟s F12 

medium with 5% fetal bovine serum, 1 µg/mL 

hydrocortisone, 5 µg/mL insulin and 1% of 

Penicillin/streptomycin antibiotic mixture. Both cell 

lines were incubated at 37 °C in 5% CO2 [22]. 

 

2.3 Quantitative real time PCR 

Total cellular RNA was isolated from tissues using 

Trizol (invitrogen) and 1 µg RNA was reverse 

transcribed into cDNA Thermo Fisher Scientific 

RevertAid First Strand cDNA Synthesis Kit (Thermo 

Fisher Scientific, CA, USA). Quantitative real-time 

PCR will be conducted in duplicate for each gene of 
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interest using SYBR Green dye and gene expression 

levels was measured in a StePOnePlus detection System 

(Applied Biosystems, CA, USA). The ∆Ct method was 

used to determine relative gene transcript levels of HAS 

enzymes after normalization to 18S rRNA as previously 

described (Ibrahim et al., 2017). Each sample was 

initially denatured at 95˚C for 10 min, then subjected to 

40 cycles of the following: Denaturation at 95˚C for 15 

sec, annealing at 55 ˚C for 30 sec and extension at 60˚C 

for 30 min. Relative gene expression was evaluated 

using the (2-ΔΔCt )method after normalization to 18S 

rRNA. HAS2 and 18S Primers were purchased from 

Qiagen (Hilden, Germany).  

 

 

3.Statistical Analysis 

All data were analyzed by using Student‟s t-test 

(for normally distributed data) or Mann-Whitney U-test 

(for non- normally distributed data) was used for two 

group comparisons. Unless otherwise stated, all data are 

expressed as mean ± SEM. The level of significance 

was set at P < 0.05.  

 

4.Results and discussion 

A higher Expression of HAS2 mRNA in SUM-

149 than that in MDA-MB-231 cells 

The mRNA expression level of HAS2 IBC (n = 3) vs. 

non-IBC (n = 3) human breast cancer cell lines was 

assessed using qRT-PCR. We found that there was a 

significant (P = 0.04) increase of HAS2 mRNA 

expression in SUM-149 in comparison to MDA-MB-

231 cells Fig (1) and Fig (2a & 2b). 

 

 
 

Fig(1) Expression of HAS2 mRNA in human breast cancer cell lines of IBC vs. non-IBC by 

using qPCR. The expression of HAS2 was upregulated in IBC (n=3) relative to non-IBC(n= 3). 

* P < 0.04 as determined by Student‟s t-test. 

 

 
Fig (2a) Representative graph of the raw data analysis shows HAS2 and 18S 

amplification Plots of MDA-MB-231 cell lines (n = 3). 
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Fig(2b) Representative graph of the raw data analysis shows HAS2 and 18S melt 

curves of MDA-MB-231 cell lines (n = 3). 

 

In many cancers, high levels of HA indicate an 

aggressive Progression and less survival rates as in 

colorectal, breast, Prostate, lung, ovarian, and gastric 

tumors [23]. Further studies were focused on HA and 

breast cancer (BC) showed a tight connection between 

HA levels and the aggressiveness of (BC); a HA-rich 

microenvironment induces tumors progress more 

aggressively as stromal HA makes both host and tumor 

cells to accelerate Progression[14], [24]. HA has been 

reported as an important key that roles the Proliferation, 

Progression and invasion of breast cancer cells, as high 

expression levels of HAS2 and its subsequent 

production of HA was demonstrated in invasive breast 

cancer cell lines such as MDA-MB-231 cells[25]. A 

comparison was made between  invasive MDA- MB-

231-BM and MDA- MB-231 cells showed that the 

former produce high amounts of hyaluronan through 

over-production of the HAS2 gene than the letter 

ones[26]. Moreover, the overproduced HA especially by 

HAS2 transgene, caused a rapid growth and 

development of carcinoma using a mouse model for 

breast cancer[27]. Likewise, the triple-negative MDA-

MB-231 and HS578T cells have shown a higher 

expression levels of HAS2 mRNA and thus, produce 

higher amounts of HA than breast cancer cell lines with 

a less aggressive phenotype, like MCF-7 [28].  Li and 

colleagues, 2015, showed that HAS2 was up-regulated 

in breast cancer cell lines and invasive duct cancer 

tissues compared with normal breast tissues when they 

induced the expression of HAS2 transcripts and protein 

in breast cancer cell lines such as MCF-7, MDA-MB-

231, nonmalignant breast cell lines MCF- 10A and 

HBL-100, 55 invasive ductal carcinoma breast tissues 

and 55 relative normal breast tissues [24].  

Also, the upregulation of HAS2 has been connected 

to the development of tumorigenesis causing both, 

cancer invasiveness and metastasis[29]. Higher 

expression of HAS2 was associated with an Epithelial-

Mesenchymal Transition (EMT) phenotype in more 

than 70% of metaplastic breast carcinoma[30]. 

Furthermore, it was reported that the expression of 

HAS2 in cancer associated fibroblasts (CAFs) , has a 

key role in stimulating the invasion of oral cancer cells 

[31]. It was also found that, HAS2 promotes pancreatic 

cancer cell motility. Besides, its aggregates was found 

in patients with malignant mesotheliomas within their 

pleural fluids and ascites [32].  Furthermore, HAS2 

expression Is significantly upregulated in bone 

metastases in contrast to the original MDA-MB-231 

cells, which means that HAS2 expression Is crucial for 

cell motility and invasion [33]. Likewise, biopsies that 

were taken from mammary tumor that has upregulated 

HAS2 expression promoted angiogenesis and 

inflammatory cells induction. For further confirmation 

of HAS2 role in cancer, it was knockout using RNA 

antisense or HA-synthesis inhibition by 4-MU, which 

led to a reduction of tumorigenesis and progression of 

invasive breast cancer cells [25]. Li and colleagues, 

2007, showed that silencing of HAS2 in Hs578T breast 

cancer cells reduces their motility and invasive nearly to 

half of that cells express HAS2[15].  Actually, HA was 

noted in high levels around tumor cells or within the 

tumor stroma, in Patients with breast and ovarian 

carcinomas, high levels of HA were demonstrated in the 

stroma and were connected to low survival rates[10].  
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4. Conclusion   

In this study, we demonstrated higher expression 

levels of HAS2 mRNA level in the human IBC SUM-

149 relative to MDA-MB-231 cells. Overall, we suggest 

that the high expression of HAS2 may act as a biomarker 

for IBC, and its targeting may represent a therapeutic 

strategy.  
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