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Abstract 

 
Oral Squamous Cell Carcinoma (OSCC) accounts for more than 500.000 new cancer cases every year 

globally, and in high-risk countries is one of the most common cancer in men. When diagnosed at a 

late stage, treatment of OSCC is highly debilitating and the disease if often fatal. Patients diagnosed 

in early stage OSCC has a favorable prognosis and requires less aggressive treatment. The overall 5-

year survival rate for OSCC is below 50% and has only improved modestly over the past two decades 

despite improvements in treatment modalities. 

The diagnostic delay seems to be one of the main obstacles to overcome in order to diagnose tumors 

in early stage. The research of clinical biomarker aims to identify molecules capable of predicting the 

risk of the disease' presence and help clinicians in the early diagnosis. Furthermore, another field of 

research is related to the research of prognostic biomarker, in order to address patients towards 

personalized treatment modalities on the basis of the molecular aggressiveness of the neoplasia.  

Moreover, there is the need to find new therapeutic drugs aiming to improve the survival rate of 

OSCC patients. In this field, nutraceuticals, any substance considered to be a food or a food ingredient 

that provides medical and health benefits, showed promising effects for the treatment of some types 

of cancer. However, further studies are useful before to include them in the current therapeutic 

protocols. 

The aim of this thesis was twofold, first the research of possible clinical biomarkers of OSCC 

diagnosis and prognosis; and secondly addressed to assess the effects of treatment with Curcumin 

and Genistein on OSCC cell lines. 

Results of several studies included in this thesis, performed for the research of clinical biomarker, 

showed the identification of promising proteins for the diagnosis of OSCC. Among these, 

neurotrophin-3 (NT-3) revealed the better diagnostic prediction values when quantified in plasma of 

patients with OSCC.  
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Related to the prognostic prediction we performed meta-analysis of the literature for the long non-

coding RNA (lncRNA) HOTAIR and demonstrated as this marker seems to be able to predict words 

prognosis when expressed at higher levels in the tumor bulk. 

Finally, we assessed the treatment effects with curcumin and genistein on OSCC cancer cell lines. 

Results showed a reduction in: viability, migration, proliferation of cancer cells and increasement in 

the rate of apoptosis after treatment with different dosages of this nutraceuticals. 

In conclusions, we identified promising biomarker for the prediction of diagnosis and prognosis of 

OSCC patients. In addition, results of our studies showed that treatment with curcumin and genistein 

lead to inhibition of: viability, migration, proliferation, and increase in the rate of apoptosis of OSCC 

cell lines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   



 

 

4 

SUMMARY 

 

Introduction ........................................................................................................................................ 6 

1.1. Introduction and thesis motivation ............................................................................................ 6 

Research of diagnostic and prognostic biomarkers in OSCC........................................................ 8 

- 2.1. Background ............................................................................................................................. 8 

- 2.2. Literature Review of circulating miRNA for the detection of OSCC .................................... 9 

- 2.3 Analysis of circulating miRNAs and proteins for the detection of patients with tongue 

squamous cell carcinoma ............................................................................................................... 12 

2.3.2 Materials and methods ...................................................................................................... 13 

2.3.3 Results ............................................................................................................................... 15 

- 2.4 Meta-analysis of HOTAIR as prognostic factor in patients with squamous cells carcinoma 

of the head and neck ....................................................................................................................... 20 

Effects of treatment with Curcumin and Genistein on OSCC cell lines ..................................... 24 

- 3.1. Background ........................................................................................................................... 24 

- 3.2. Materials and Methods ......................................................................................................... 25 

- 3.3. Results................................................................................................................................... 28 

Discussion and Conclusions............................................................................................................. 34 

References ......................................................................................................................................... 37 

Appendix 1: Journal publications .................................................................................................. 42 

Appendix 2: Abstracts and Conference Proceedings.................................................................... 49 

Appendix 3: Oral Presentations...................................................................................................... 53 

Appendix 4: Honors and Awards ................................................................................................... 54 

Appendix 5: Original PDFs of Journal publications .................................................................... 55 

 

 



 

 

5 

Dedicated to the memory of my mother  



 

 

6 

Introduction 

 

1.1. Introduction and thesis motivation 

 

The most recent statistics from the US estimated the incidence for cancer of the oral cavity at 2.7 per 

100,000 (3.7 in men and 1.8 in women) in 2012, with substantial differences by sex, age, and region 

(1). Furthermore, highest incident for oral cavity cancer was reported in south-central Asia (40.9% 

of all incident cases) (2). The incidence of oral cavity cancer was consistently greater among men 

than women, with an M/F rate ratio of 2.1, ranging from 5.2 for Central and Eastern Europe to 1.4 

for Northern Africa, Western Asia and Oceania (2). Risk factors involved in the development of oral 

squamous cell carcinoma (OSCC) are considered: tobacco smoke, alcohol consumption, reverse 

smoke and betel chewing. Reaching an early diagnosis of symptomatic OSCC is crucial for a better 

prognosis in terms of disease stage, survival and quality of life (3). In fact, patients diagnosed in early 

stages have a longer life expectancy compared to patients who get the diagnosis in advanced stages 

(4). The overall 5-year survival rate for OSCC is below 50% and has only improved modestly over 

the past two decades despite considerable improvement of treatment modalities (5). 

 Recently the 8th edition of the American Joint Committee on Cancer (AJCC) introduced in the 

staging system of the oral cavity squamous cell carcinoma (OSCC) the depth of invasion (DOI) as a 

variable for the T category (6). The new staging manual highlights the importance to distinguish 

between tumors with different DOI and the need to use the latter for staging purposes. However, 

although tumor-node-metastasis (TNM) staging is routinely used to predict tumor behavior and, 

hence, to inform the choice of treatment strategies for OSCC, patients with same TNM stages may 

result in dramatically different survival time (7).  

Due to these reasons, the scientific community put its attention to the research of biomarkers for the 

early diagnosis and prognosis prediction. The prognosis prediction aims to develop personalized 

treatment planned on the basis of the molecular profiling of the tumor. In this way, clinicians could 
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modulate the aggressiveness of the treatment on the basis of a molecular risk profile. From the point 

of view of diagnosis, a biomarker of early diagnosis could decrease the rate of patients treated in 

advanced stages and strongly increase the overall survival rate of patients with OSCC. 

In fact, as previously mentioned, the advent of new treatment modalities who demonstrated benefits 

for other types of malignancies, failed to improve survival for OSCC patients.  With regards to the 

advanced OSCC, guidelines from the National Comprehensive Cancer Network still today 

recommend surgical excision followed by concurrent single– agent cisplatin chemo-radiotherapy in 

T3 or T4 lesions demonstrating adverse features of extracapsular spread and/or positive margins (8). 

For such reasons, there is the need to figure out the molecular basis of this pathology in order to 

provide clinicians new treatment options they can use in the clinical practice. 

‘Nutraceutical’’ term (a combination of the words ‘‘nutrition’’ and ‘‘pharmaceutical’’) refers to any 

substance considered to be a food or a food ingredient that provides medical and health benefits (9). 

Recently, some nutraceutical agents showed anti-inflammatory, antioxidant and anticancer properties 

in several studies (10, 11). Among these, curcumin and genistein are among the nutraceuticals the 

most promising (12-14). 

Therefore, the aim of this thesis was twofold, first, the research of possible clinical biomarkers of 

OSCC diagnosis and prognosis; and secondly to assess the effects of treatment with Curcumin and 

Genistein on OSCC cell lines. 
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Research of diagnostic and prognostic biomarkers in OSCC 
 

- 2.1. Background  

The World Health Organization (WHO) defines a biomarker as any substance, structure or process 

that can be measured in the body or its products and influences to predict the incidence of outcome 

or disease (Biomarkers in Risk Assessment: Validity and Validation, Environmental Health Criteria 

Series, No222, WHO). Biomarkers can be used for patient assessment in multiple clinical settings, 

including estimating the risk of disease and distinguishing benign from malignant tissues.  

Cancer biomarkers can be classified according to the disease state, such as predictive, diagnosis and 

prognosis biomarkers (15). A diagnostic biomarker aims to detect or confirm the presence of a disease 

or condition of interest or to identify individuals with a subtype of the disease. Instead, a prognostic 

biomarker informs about a likely cancer outcome (e.g., overall survival, disease-free survival, and 

cause-specific survival) independent of the received treatment. The identification of prognosis 

biomarkers could guide clinicians in modulating the best therapeutic approach based on the molecular 

aggressiveness of the pathology. Predictive biomarkers, sometimes referred to biomarkers used to 

identify individuals who were more likely than similar individuals without the biomarker to 

experience a favorable or unfavorable effect from exposure to a medical product or an environmental 

agent (16). 

These biomarkers allow clinicians to select a set of chemotherapeutic agents which will work best for 

an individual patient. For example, Herceptin is useful in breast cancer lesions showing only 

Her2/Neu overexpression, whereas tamoxifen is the preferred treatment for other breast cancer 

lesions. Thus Her-2/Neu is a predictive cancer biomarker for a subset of breast cancer therapies (17). 

Likewise, drugs such as erlotinib or gefitinib work only in lung cancer patients with specific 

mutations in the epidermal growth factor receptor (EGFR) gene (18). Although, several studies have 

been performed aiming to find out biomarkers of diagnosis and prognosis for OSCC, no molecule 
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has still been introduced in the clinical practice. For such reason, there is the need to go deep in the 

study related to biomarkers of diagnosis and prognosis in OSCC. 

 

- 2.2. Literature Review of circulating miRNA for the detection of OSCC 
 

 Although, proteins still represent the final effectors of the cell processes, more recently the discovery 

of non-coding RNA added a new layer to our understanding of biological processes. The term non-

coding RNA (ncRNAs) encompasses microRNA (miRNAs), long noncoding RNAs (lncRNAs), 

circular RNAs (circRNAs), and others (19). Although ncRNAs do not encode proteins, they are 

master regulators of gene expression through various mechanisms (20, 21). In the field of cancer 

research, it has become apparent that aberrations within the noncoding genome drive fundamental 

cancer phenotypes in addition to the best-known protein coding mutations (22). MiRNAs are the most 

studied group of ncRNAs. They are long in between 19 and 23 nucleotides. They are able to 

negatively regulate target messenger RNAs (mRNAs) by partially binding to their 3’ untranslated 

region (23). In addition, miRNAs seem to be generated from intergenic genomic sequences or intronic 

regions of protein-coding genes (23).  

The majority of mammalian miRNAs are transcribed by the RNA polymerase II into a long precursor 

containing a typical stem-loop structure (pri-miRNAs) (Fig. 1) [11].   
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Figure 1: Mechanisms involved in synthesis of miRNAs. It starts in the nucleus and ends with 

secretion once the miRNa has reached its final stage. 

 

 

These initial transcripts undergo cleavage by the ribonuclease enzyme III Drosha to produce the pre-

miRNAs of around 70 nucleotides and with hairpin structure. Pre-miRNAs are then transported into 

the cytoplasm by a nuclear export factor (Exportin-5), where they are cleaved by an enzyme called 

Dicer into duplexes of 21–23 nucleotides (24). Afterwards, one strand of the duplex, the passenger 

strand (miRNA⁄), is degraded and the other incorporated together with Argonaute proteins or 

lipoproteins to form the RNA-induced silencing complexes (RISC) leading to the formation of mature 

miRNA (25). The presence of miRNAs was also discovered in blood and several other body fluids 

including: urine, tears, pleural effusions and saliva, exhibiting different expression patterns in cancer 

patients compared to healthy individuals. In order to clarify the role of miRNAs as possible 

biomarkers of diagnosis in OSCC we performed a systematic review of the literature including studies 
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performed on blood, serum or plasma who investigated the expression of specific miRNAs. We 

reported their potential use as cancer biomarkers. This systematic review was performed according 

to the Preferred Reporting Items for Systematic reviews and meta- Analysis (PRISMA). The criteria 

for inclusion in this systematic review were: studies on human blood, plasma or serum evaluating 

miRNA expression in patients with oral cancer compared to healthy controls. Presence of at least one 

miRNA dysregulated in the test group confirmed by either qRT-PCR or ddPCR. At the end of the 

selection process 16 studies [56–71] were assessed as adequate for inclusion in the study. Of the  

studies included, only 11 reported Receiver Operating Characteristics (ROCs) of circulating miRNAs  

in order to discriminate between cancer and non-cancer patients (Table 1). 

Table 1: Data for Receiver Operating Characteristic (ROC) as: Area Under the Curve (AUC), 

specificity and sensitivity from 11 studies. 

Study Year miRNA Investigated AUC Specificity  Sensitivity 

Liu et al.              2016 miR-187* 
0,73                       

95%CI: 0,62-0,83 
Not Reported Not Reported 

Xu et al.  2016 mir-483-5p 
0.85                     

95%CI: 0,73-0,93 
0,746 0,853 

Lu et al.              2015 miR-196a + miR196b 0,963 0,878 0,925 

Ren et al.  2014 miR-21 
0,788                          

95%CI: 0,692-0,883 
0,906 0,621 

Ries et al.  2014 

miR-185-5p                            

miR-3651                    

miR494-5p          

0,69                                               

0,824                          

0,715 

Not Reported Not Reported 

Hung et al.            2013 miR-146a 0,79 0,92 0,86 

Liu et al. 63 2013 miR-196a 0,75 Not Reported Not Reported 

Lu et al.              2012 miR-10b 0,932 0,8 0,944 

Yang et al.  2011 miR-181a + miR181b 0,89 Not Reported Not Reported 

Lin et al.   2010 miR-24 0,82 0,92 0,7 

Liu et al.             2010  miR-31 0,82 Not Reported Not Reported 
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These studies revealed very promising results of Area Under Curve (AUC), showing promising 

diagnostic ability in the detection of OSCC through the quantification of specific miRNAs in blood 

and derivatives. However, most of the included studies suffer from the presence of different source 

of bias bound to the heterogeneous sampling and to the use of not fully reliable housekeeping genes. 

Such shortcomings should be overcome in future studies focusing on single subsites of tumors arising 

in the oral cavity and using a panel of reliable reference genes. 

 

- 2.3 Analysis of circulating miRNAs and proteins for the detection of patients with 

tongue squamous cell carcinoma 
 

 2.3.1 Introduction 

As above mentioned, in the last years the research of biomarkers has been enriched by the possibility 

of studying a multitude of molecules besides the well-known proteins. Among these cell-free 

miRNAs have a great potential because they are stable, even when subjected to extreme conditions 

such as high temperature, wide variation in pH or multiple freeze-thaw cycles (26). The use of 

amplification reactions, such as qRT-PCR, for the study of circulating miRNAs allows the detection 

of molecules also at a low concentration. Unlike detection of circulating nucleic acids, two potential 

problems with serum protein biomarkers were their low concentrations due to the dilution in the 

circulation and the limited ability to assay multiple proteins from a small sample volume. Recently, 

the proximity extension assay (PEA) has been developed. It is a highly sensitive method based on 

pairs of antibodies linked to oligonucleotides with partial complementariness for each other (PEA 

probes) (27). When the two different antibodies bind to their target protein, probes are brought into 

proximity and the two oligonucleotides accordingly bind (28).  

The new sequence achieved can be extended, amplified and measured by quantitative real-time PCR, 

where the number of PCR templates is proportional to the initial concentration of antigen in the 

sample (29). In addition for a high sensitivity, specificity is also improved due to the requirement for 

simultaneous binding of two different antibodies to epitopes on the same antigen (30).  The purpose 
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of this study was to analyze the expression of both circulating protein and miRNAs in the plasma of 

patients with squamous cell carcinoma of the tongue. 

 

2.3.2 Materials and methods 

 

- Patients Material 

Whole blood was collected from a total of 19 patients and 23 healthy volunteers, mean age 58 and 50 

years respectively. Tumor biopsies (T) and biopsies from corresponding clinically normal tumor free 

tissue (TF) adjacent to the tumor was collected from 15 patients, with a mean age of 59 years.  

Three milliliters of peripheral blood were collected into vacutainers containing EDTA using 

standardized venipuncture procedures. Handling and processing was the same for all samples. Tubes 

were left standing for at least 30 minutes at room temperature after collection, centrifuged at 1300 g 

for 10 min at room temperature and the top layer, the plasma, was immediately aliquoted.  

 

- Extraction of miRNAs from plasma and tissues 

Total RNA including miRNA was extracted from frozen plasma samples using miRCURY RNA 

Isolation kit –Biofluids (Exiqon, Vedbaek, Denmark). A standard protocol for RNA isolation was 

used according to the manufacturer, with 250 μl of plasma as starting material and stored at -80 °C 

until further use. Total RNA including miRNA was extracted from frozen plasma samples using 

miRCURY RNA Isolation kit –Biofluids (Exiqon, Vedbaek, Denmark). A standard protocol for RNA 

isolation was used according to the manufacturer, with 250 μl of plasma as starting material.  

After centrifugation to remove debris, 200 μl supernatant was extracted and RNA eluted in 50 μl 

RNase free water. AllPrep DNA/RNA/miRNA Universal Kit (Qiagen, Hilden, Germany) was used 

for miRNA extraction from tumor and tumor free tissue. The fresh frozen biopsies (less than 20 mg) 

were homogenized in 600 μl Buffer RLT Plus containing β-mercaptoethanol using a Precellys Tissue 

homogenizer (Bertin Technologies, Artigus Pres Boreaux, France). After DNase treatment and 

washing, total RNA including miRNA was eluted twice in 30 μl and the eluates pooled. Purified RNA 
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was stored at -80 °C until cDNA preparation. Quantity and purity of RNA was measured using a 

NanoDrop ND-1000 spectrophotometer (Thermo Scientific, Wilmington, DE, USA).  

 

- Discovery and validation of miRNAs in plasma 

Twenty microliters of RNA extracted from plasma from 13 patients and 13 controls was sent on dry 

ice to Exiqon Services (Vedbæk Denmark) for miRNA analysis with real-time PCR panel. The panel 

used was miRCURY LNA Universal RT microRNA PCR Human Panel I. Briefly 10 μl RNA was 

reversed transcribed in 50 μl using the miRCURY LNA Universal RT microRNA PCR, 

polyadenylation and cDNA synthesis kit (Exiqon, Vedbæk, Denmark). cDNA was diluted 50x and 

assayed in 10 μl PCR reactions according to the kit protocol. Amplification was performed in a 

LightCycler® 480 Real-time PCR system (Roche) in 382 well plates, and amplification curves 

analyzed using Roche LC software, both for determination of Cq (by the 2nd derivative method) and 

for melting curve analysis. All samples went through a quality control of RNA isolation and cDNA 

synthesis using Exiqon´s RNA spike-in kit. All data were therefore normalized by the formula; 

normalized Cq = global mean Cq – assay Cq (sample).  For validation of findings from the panel in 

plasma, miR-150 and three miRNAs used for normalization, miR-30e, miR-93 and miR-222, were 

quantified by individual qRT-PCR assays. RNU6 and SNORD 44 were used for normalization of 

miR-150 tissue data, obtained from 8 of the 13 SCCT samples included in the plasma analysis plus 

an additional 7 samples. Real time RT-PCR was performed using an IQ5 multicolor real-time PCR 

detection system with IQ SYBR Green Supermix (Bio-Rad Laboratories, Hercules, CA, USA). For 

each assay, 4 μl cDNA, diluted 40X, was used in 10 μl reactions. Cycling conditions were enzyme 

activation at 95°C for 10 min followed by 45 cycles of denaturation at 95°C for 10 sec and 

annealing/extension at 60°C for 60 sec. 
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- Proximity Extension Assay 

Plasma from 19 controls (9 of the samples included in the miRNA analysis and an additional 10) and 

19 SCCT patients (12 of the 13 analyzed for miRNA in plasma and an additional 7 patients with 

SCCT) were sent to Clinical biomarkers facility, Science for Life Laboratory (Uppsala, Sweden) for 

analysis with proximity extension assay. One μl EDTA-plasma was used in each of two different 

panels comprising 92 and 71 proteins respectively, Proseek multiplex Oncology I, v2 and Proseek 

multiplex Inflammation I (Olink Bioscience, Uppsala, Sweden).  

2.3.3 Results 

 

- miRNA expression in TSCC patients 

A panel of circulating miRNAs was analyzed in plasma from healthy individuals (13 controls) and 

patients with SCCT (13 patients). Of the 372 miRNAs analyzed, 152 were detected in all samples. 

None of the samples showed signs of hemolysis, evaluated by analyzing the ratio between miR-451 

and miR-23a-3p. All samples had values below 7.0, where a ratio above 7.0 is considered as risk of 

being affected by hemolysis.  Principal component analysis (PCA) showed that the levels of these 

miRNAs did not discriminate healthy individuals from SCCT patients (Figure 2).  

 
 

 

Figure 2: miRNA levels in patients with tongue tumor compared with healthy controls. Score plot 

(t1/t2) from PCA modelling based on 152 miRNAs detected in all samples. Each dot represents one 

patient indicated by the patient ID. 
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Statistical evaluation of individual miRNA levels showed miR- 150 to be significantly decreased in 

patients with SCCT compared to controls, Benjamini-Hochberg FDR adjusted p-value 0.007 (Figure 

3A). Single qRT-PCR assay was then applied to validate miR-150 results using a combination of 

three miRNAs for normalization (miR-93, miR-222 and miR-30e). The normalized Cq value from 

single qRT-PCR assays of plasma samples showed high consensus with the normalized Cq value 

from the panel (p < 0.001, Rho = 0.913).  

miR-150 was further analyzed in tissue samples using paired tumor and tumor free samples from 15 

SCCT patients; 8 of the patients included in the plasma analysis and an additional 7 patients. In 

contrast to the decreased plasma levels in tumor patients, there was significant up-regulation (p-value 

0.02) of miR-150 in tumor tissue compared to tumor free tissue adjacent to the tumor (Figure 3B).
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Figure 3: miR-150 levels in plasma and tissue. (A) Individual miR-150 levels in plasma from controls 

and tumors based on Cq values from the miRNA-panel. Normalized Cq = global mean Cq – assay 

Cq (sample). A higher value thus indicate that miR-150 is more abundant in that particular sample. 

(B) Fold change in miR-150 level in tongue tumor compared to tumor free tongue tissue from the 

same patient. 

 

- Protein expression in TSCC patients 

A total of 146 proteins involved in oncogenesis and inflammation were analyzed by proximity 

extension assay of plasma from 19 SCCT patients (the same 13 as included in the miRNA analysis 

and an additional 6 patients) and 19 healthy controls (9 that were included in the miRNA analysis 

and 10 additional controls). Using a cut-off of p < 0.05, 23 markers were differentially expressed 

between SCCT patients and healthy individuals. Principal component analysis of these 23 proteins 

separated SCCT patients and healthy individuals from each other, although not completely (Figure 

4).  

 

 
 

Figure 4: Levels of plasma proteins with tongue tumor compared with healthy controls. Score plot 

(t1/t2) from PCA modelling based on 23 plasma proteins with significantly different levels in patient 

and control samples. 
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All but one of these proteins showed down-regulation in SCCT patients compared to healthy controls, 

the exception being IL1-ra, and there was a large overlap in protein levels between the groups for all 

proteins (Figure 5).  

 

 
 

 

 

Figure 5: Differentially expressed proteins. Scatter plots of significantly differentially expressed 

proteins in plasma from patients with squamous cell carcinoma of the tongue compared to healthy 

controls 
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Calculating a receiver operating curve (ROC) showed the AUC for individual proteins to range from 

0.676 to 0.903, indicating fair to good discrimination between those with and without disease (Table 

2). 

 

Table 2: Protein levels in circulation and mRNA expression in tissue  
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The protein with highest AUC value was NT-3 (neurotrophin-3; NTF3), which is also the only 

candidate with both high sensitivity and high specificity. For the 23 differentially expressed proteins, 

corresponding gene expression was available in a recently published study of RNA profiling in nine 

of the patients. Sixteen mRNAs showed significantly different expression when comparing tumor 

tissue to control, whilst mRNA levels for 7 of the proteins was not significantly different between 

control and tumor tissues. Consistency in the direction of change for circulating protein and tissue 

mRNA levels were identified in only three of the 16 differentially expressed genes (DNER, NT3 and 

TIE2), where protein levels were lower in plasma from patients than controls and mRNA levels were 

lower in tumor tissue compared to tumor-free tissue. Consistency in the direction of change for 

circulating protein and tissue mRNA levels were identified in only three of the 16 differentially 

expressed genes (DNER, NT3 and TIE2), where protein levels were lower in plasma from patients 

than controls and mRNA levels were lower in tumor tissue compared to tumor-free tissue. 

 

- 2.4 Meta-analysis of HOTAIR as prognostic factor in patients with squamous cells 

carcinoma of the head and neck 
 

Squamous cell carcinoma of the head and neck (SCCHN) encompasses a wide and frequent range of 

neoplasms arising from the epithelium of different sites such as: oral cavity, nasal cavity, oropharynx, 

hypopharynx and larynx. It has been reported that around 90% of all tumors in this region are 

squamous cell carcinomas. SCCHNs are among the ten most frequent malignant neoplasms in 

humans; and due to the high rate of early metastasis to regional cervical lymph-nodes treatment of 

these patients is a challenge for clinicians. OSCC belongs to the wide group of SCCHN, being the 

most present subtype with about 24% of all the SCCHN cases. Long non-coding RNAs (lncRNAs) 

are transcripts longer than 200 nucleotides previously defined as “junk DNA” (31). They are usually 

transcribed by RNA polymerase II and can undergo splicing and polyadenylation processes. Although 

they are not translated into proteins, many of them are linked to some complexes involved in 

chromatin modification causing an overexpression or overexpression or silencing of target genes of 
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which most are in cancer pathogenesis silencing of target genes of which most are in cancer 

pathogenesis.  The HOX transcript antisense intergenic RNA (HOTAIR) is one of the most studied 

lncRNAs (32). Different studies have focused on the capacity of HOTAIR to cooperate with different 

chromatin modifying complexes, above all the Polycomb Repressive Complex 2 (PRC2), through its 

5′-terminal binding domain (33). 

HOTAIR lets PRC2 recognize the target gene, leading to Histone H3 lysine-27 trimethylation, 

causing a silencing effect. HOTAIR is also able to cooperate with the LSD1 complex and can be 

regulated by different factors such as miR141, Ago2, c-Myc, TGF-β and small interfering RNAs 

(siRNAs). The goal of this systematic review and meta-analysis was to assess the link between 

HOTAIR expression and patient prognosis in SCCHN in order to highlight its potential role as 

prognostic biomarker.  Inclusions criteria were: (i) studies focusing on the expression of HOTAIR in 

SCCHN including more than 50 patients in total, (ii) studies showing analysis of correlation between 

different levels of HOTAIR expression and overall survival, (iii) studies reporting a Hazard Ratio 

(HR) and 95% confidence interval (CI) or Kaplan-Meier curve for HR estimation and (iv) studies 

including quantitative analysis performed with qRT-PCR, in situ hybridization (ISH), fluorescence 

in situ hybridization (FISH), droplet digital PCR (ddPCR) or RNA sequencing data. Accordingly, 

studies performed on cell lines or animal models, reviews, case reports, overlapping publications and 

all studies reporting insufficient data for estimation of HR and 95% CI, were excluded. No restriction 

was applied concerning year of publication. The bibliographic research was performed on the 

databases: PUBMED, SCOPUS, Web of Knowledge and EMBASE. In addition, a direct search on 

the bibliographies of previously published systematic reviews on the topic was also performed. 

Overall effects were investigated with a fixed effect model where I2 was less than 50%, if higher, a 

random effects model was used. Data for overall survival were synthetized as HR and standard error 

(SE), while for lymph-node metastasis, tumor stage and histological grade the odds ratio (OR) was 

evaluated. In cases in which HR and its 95% CI was not reported in the article, it was extracted from 

Kaplan- Meier curves using the method of Tierney et al (34).  
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At the end of the selection process, 4 studies met the inclusion criteria and were included in the meta-

analysis. All studies were performed in China and published between 2012–2016. Results of meta-

analysis, on the basis of two studies, revealed that higher levels of HOTAIR expression were not 

associated with higher degree of differentiation (OR, 2.31; 95% CI: [0.89, 6.02]; p = 0,09) (Figure 

6A), whereas a correlation to advanced tumor stages was seen (OR, 3.44; 95% CI: [1.84, 6.43]; p < 

0,001) (Figure 6B). As heterogeneity was not detected (I2 = 0%) a fixed effects model was used. 

Analysis of correlations performed with a random effect model (I2 = 58%) revealed a correlation 

between HOTAIR expression and the rate of LNM (OR, 3.31; 95% CI: [1.24, 8.79]; p = 0,02) (Figure 

6C).  

 
 

Figure 6: (A–C) Forest plot showing different expression of lncRNA HOTAIR and histological grade 

(A), tumor stage (B) and lymph-node metastasis (C); the frequency of HOTAIR expression was 

considered in patients with: Advance Stage (III–IV), positive LNM and Poor/Low Grade of 

differentiation 

 

Analysis of overall survival pooling HRs showed high expression of HOTAIR to be associated with 

poor OS in patients with SCCHN (HR, 1.90; 95% CI: [1.42, 2.53]; p < 0,0001), (Figure 7).  
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Figure 7: Forest plot for the association between HOTAIR expression and overall survival. 

 

Summary of data extracted from the included studies used for the pooled analysis are shown in Table 

3.  

 

 
 

Table 3: Synthesis of data extracted from the included studies related to outcomes pooled in the 

meta-analysis 
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Effects of treatment with Curcumin and Genistein on OSCC cell lines 
 

- 3.1. Background  
 

‘‘Nutraceutical’’ (a combination of the words ‘‘nutrition’’ and ‘‘pharmaceutical’’) refers to any 

substance considered to be a food or a food ingredient that provides medical and health benefits. The 

use of natural agents is promising because not only they have minimal toxicity to humans compared 

to conventional chemotherapies, but also, they could target numerous signaling pathways. This is 

beneficial as malignant transformation and progression are multistage processes caused by gene 

alterations in more than one signaling pathway. This is one of the most plausible explanations why 

monomodal therapy typically fails in cancer treatments as the specific inhibitors often target only a 

single gene in a signaling pathway. Therefore, the impact of natural agents on cancer treatment could 

be more efficacious, as they can be used alone or as adjuvant in combination chemotherapy to 

improve therapeutic efficacy by overcoming drug resistance and/or reducing drug-induced toxicities. 

Hence, many of the anticancer agents currently used in cancer therapies have been developed from 

natural products such as plants (vincristine, vinblastine, etoposide, paclitaxel, camptothecin, 

topotecan, and irinotecan), marine organisms (cytarabine), and microorganisms (dactinomycin, 

bleomycin, and doxorubicin). Besides these, there are also plant-derived dietary polyphenols such as 

curcumin, genistein, resveratrol, epigallocatechin-3-gallate, indole-3-carbinole and others. A number 

of studies involving cultured cancer cells and animal models have illustrated the protective role of 

these dietary polyphenols, and mechanistic studies have demonstrated that they exert their 

antiproliferative and/or proapoptotic effects to prevent the occurrence and/or spread of various 

cancers by targeting numerous key elements in intracellular signaling network involved in 

carcinogenesis. 

Curcumin is one of the components of curry and a popular dietary spice worldwide. It is the primary 

active constituent of turmeric, a botanical agent derived from the rhizome (root) of the Curcuma 

longa, a perennial herb belonging to the ginger family that is broadly cultivated in south and south-
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east Asia. Turmeric is comprised of a group of three curcuminoids, i.e., curcumin 

(diferuloylmethane), demethoxycurcumin, and bisdemethoxycurcumin, as well as volatile oils, 

sugars, proteins and resins. Curcumin is a hydrophobic polyphenol that is nearly insoluble in water. 

Importantly, it has limited systemic bioavailability due to its rapid metabolism, largely through 

conjugation to sulfates and glucuronides. In humans, this metabolism presumably occurs in the 

gastrointestinal tract rather than in the liver. Curcumin has been considered pharmacologically safe, 

based on the fact that it has been consumed for centuries as a dietary spice at doses up to 100 mg/day. 

Moreover, its safety and tolerability became evident in phase I studies when it was administered at 

doses as high as 8 g per day. 

Genistein (4′,5,7-trihydroxyisoflavone) is an isoflavone, found in soybeans and in all its derivatives 

such as flour, sauces, oil, milk and cheese. It is also found in other legumes such as lentils, beans, 

peas, chickpeas and whole grains such as wheat, rice, barley, rye and oats. It has highanti-cancer 

properties, including the inhibition of tyrosine kinase proteins and inhibition of cell cycle at G2/M 

phase; it is also able to promote apoptosis by activation of caspase-9 and -3. 

The aim of this study was to assess the effects of treatment with different dosages of curcumin and 

genistein on oral cancer cell lines. 

 

- 3.2. Materials and Methods 
 

-Cell cultures and treatments 

PE/CA-PJ15, PE/CA-PJ49, HSC-3 are cell lines of tongue squamous cells carcinoma (European 

Collection of Cell Cultures, ECACC). Cells were maintained at standard conditions of temperature 

and atmosphere (37°C and 5% CO2, respectively) for all tests used. DMEM culture medium with 

4,500 mg/L glucose was used for PE/CA-PJ15 and PE/CA-PJ49 cells and Roswell Park Memorial 

Institute 1640 medium (RPMI 1640) for HSC-3 cells (Life Technologies, Gibco, Grand Island, NY, 

USA). Both culture media were supplemented with 10% fetal bovine serum, L-glutamine (2 mM) 

and penicillin–streptomycin (100 U/mL) (Sigma Aldrich, Saint Louis, MO, USA). Genistein (Abcam, 
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Cambridge, UK) and curcumin were dissolved in dimethylsulfoxide (DMSO) at a stock concentration 

of 5 mM. Serial dilutions of Genistein at 20, 50 and 100 μM and of Curcumin at 1, 5, 10, 20 and 

50μM were prepared. The cell lines were treated for 24, 48 and 72 hours at the concentrations 

previously mentioned.  

-   xCELLigence System 
 

The xCELLigence DP Real-Time Cell Analyzer (RTCA) is used for real-time monitoring of cell 

proliferation, cytotoxicity, and migration. This system is based on recording the electronic impedance 

with a unitless parameter called Cell Index (CI). The CI calculation is based on the following formula:  

CI = (Zi - Z0)/15çϛ where Zi is the impedance at the start of the experiment. Hence, CI is a self-

calibrated value derived from the ratio of measured impedances. When many cells are attached on 

the surface of a particular E-Plate the CI gets high. For this reason, we have used it to determine the 

variation of cell adhesion after curcumin treatments. The RTCA System was used accordingly to the 

manufacturer instructions. 

 

- MTT assay and Trypan blue exclusion test 

 

Vybrant® MTT Cell Proliferation Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA) was 

used to evaluate cell viability of PE/CA-PJ15, PE/CA-PJ49, and HSC-3 cells after treatments with 

genistein. We seeded 5×104 cells in a total volume of 250 μL/well in a 96-well plate with 20, 50 and 

100 μM of genistein for 24, 48 and 72 hours. Then, 100 μL of fresh culture medium and 10 μL of 12 

mM MTT stock solution were added to each well after the cells were incubated for 4 hours at 37°C. 

To each well, SDS-HCl solution (10 mL of 0.01 M HCl to 1 gm of SDS) was added for an incubation 

period of 12 hours in a humidified chamber at 37°C. The absorbance was read at 570 nm using the 

Multiskan™ GO Microplate Spectrophotometer (Thermo Fisher Scientific). While PE/CA-PJ15, 

PE/CA-PJ49, HSC-3 cells were treated with genistein and curcumin at the same concentrations and 

time points, Trypan blue exclusion method was used to validate the cell viability results obtained with 
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MTT assay. A suspension of each cell line was mixed with 0.4% Trypan blue solution and, after 10 

minutes, cells were counted automatically with JuLI™ FL (NanoEntek, Pleasanton, CA, USA). 

- Scratch assay 

A monolayer of each cell line was scraped with a p200 pipette tip and then washed twice with 

Dulbecco’s phosphate buffered saline 1X (Life Technologies, Gibco) in order to remove debris. Then, 

cells were treated with the IC50 dose of genistein at 24 hours. Untreated cells were used as control. 

Initially, we acquired the first image (T0) and then the subsequent ones after 1 hour (T1), 2 hours 

(T2), 3 hours (T3), 5 hours (T4), 6 hours (T5) and 24 hours (T6) after treatment. ImageJ software 

(National Institutes of Health, Bethesda, MD, USA) was used to calculate the size of wound and 

analyze all the acquired images. GraphPad Prism 7 (GraphPad Software, Inc., CA, USA) software 

was used for statistical evaluation. 

- Western blotting analysis 

After treatments cells were lysated to obtain proteins. They were measured and, then, separated by 

15% SDS polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane (Bio-Rad, 

Hercules, CA, USA). Bovine serum albumin (BSA) 5% was used for 1 hour as blocking solution. 

Membranes were incubated with vitronectin (1:150; BD Biosciences), OCT4 (1:700; Novus 

Biologicals, Littleton, CO, USA), survivin (1 : 1,000; Cell Signaling Technology Inc., Danvers, MA, 

USA), and β-actin (1:5,000; Sigma Aldrich), overnight at 4°C. Then, peroxidase-conjugated 

secondary antibody was used (1 : 2,500; Santa Cruz Biotechnology, Dallas, TX, USA). Signals were 

acquired with enhanced chemiluminescence kit (ClarityTM Western ECL Substrate, Bio-Rad). UVP 

ChemiDoc-It®TS2 Imaging System (Analytik Jena AG, Jena, Germany) was used. 

- Statistical analysis 

GraphPad Prism 7 software was used for Student’s t-test and one-way analysis of variance (ANOVA) 

and all data were expressed as the M ± SEM;17 a P-values ,0.05, P,0.01, P,0.001 were accepted as 

statistically significant. 
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- 3.3. Results 
 

- Effects on cell adhesion 

Through xCELLigence system, we monitored adhesion kinetics in real time of the treated cells, using 

untreated cells as control. After 24, 48 and 72 hours, the CI values were taken and adhesion curves 

were analyzed. Data obtained show clear effects of genistein and curcumin on all cells used even at 

24 hours after the treatment. The resulting curves for Curcumin showed a difference of adhesion 

between control and treated cells. The reduction of adhesion was proportionally increased respect to 

the concentration of curcumin used for all cell lines. Even after long times of treatment, the effects 

of curcumin were significant.   

CI values to 72 hours were considerably reduced in all conditions analyzed, even considering the 

limitations of xCELLigence system, such as the normal reduction in cell growth space for long 

analysis times. However, the results obtained confirmed that the increase in curcumin concentrations 

leaded to a proportional reduction of cell adhesion, even for very long treatments. In the evaluation 

of adherence rate, we converted the CI values in percent values in order to obtain a better indication 

of the reduction of cell adhesion, considering the control value of CI, at each time point, as the 

maximum value of adhesion at that period. In order to better evaluate the effect of curcumin on cell 

adhesion, we evaluated the expression of integrin β1, an integral membrane glycoprotein that binds 

the extracellular matrix proteins playing a key role in cell adhesion. Figure 8 a, b showed the reduction 

of integrin expression by 50% in cells treated with 10 μM of curcumin after 24 hours compared to 

control. 
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Figure 8 (A/B): Expression of integrin β1. Downregulation of integrin β1 expression by 50% in cells 

treated with 10 μM of curcumin after 24 hours compared to control (a), (b). 
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While, after 48 hours the same reduction was present for cells drawn with about 5μM of curcumin. 

Instead, at 72 hours after treatment the values were significantly reduced compared to the treatments 

after 24 and 48 hours. In particular, a reduction of 50% adhesion relative to the control was evident 

in cells treated with 5μM of nutraceutical. In addition, we found a great reduction of integrin 

expression in all the cells treated with 20 and 50μM of curcumin to 48 hours and 72 hours after 

treatment. 

-  Effects on cell viability 

Through the MTT assay, we verified a decrease in cell viability proportional to increasing 

concentrations of curcumin and genistein for all treated cell lines. We observed a 50% reduction of 

viability in HSC3 cells treated with 5-10 μM of curcumin at 24 hours after treatment and 1-5 μM at 

48 and 72 hours. PE/CA-PJ15 cells showed the same reduction for the concentrations of 10 μM of 

curcumin at 24 and 48 hours and about 10-20 μM at 72 hours. A reduction of about 50% was observed 

in PE/CA-PJ49 cells treated with 5-10 μM of curcumin at all time points. Through trypan blue test, 

the cell viability was reduced for HSC-3 and PE/CA-PJ49 cells in the same way as MTT assay. While 

for the PE/CA-PJ15 cells a 50% reduction in cell viability was observed for cells treated with 10-20 

μM of curcumin at all time points unlike MTT test. For genistein, we detected a reduction of about 

50% of cell viability in each treated cell line with concentrations between 20 and 50 μM at 24, 48 and 

72 hours. Trypan blue assay confirmed almost all the data obtained with the MTT assay. 

-  Effects on cell migration 

A monolayer of each cell line (PE/CA-PJ15, PE/CA-PJ49, HSC-3) was scraped with a p200 pipette 

tip and then washed twice with Dulbecco’s phosphate buffered saline 1X (Life Technologies, Gibco) 

in order to remove debris. Then, cells were treated with the IC50 dose of genistein at 24 hours. 

Untreated cells were used as control. Initially, we acquired the first image (T0) and then the 

subsequent ones after 1 hour (T1), 2 hours (T2), 3 hours (T3), 5 hours (T4), 6 hours (T5) and 24 hours 

(T6) after treatment. The treated cells migrated very little in the cut area. The most significant effects 

were evident starting from T4 and, specifically, the wound of treated cells does not show any healing 
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after 24 hours. The untreated control showed an increasing level of healing of the wound during the 

considered times total healing after 24 hours.  

Evaluations of the timing at T4, T5 and T6 were most significant with P-value ,0.05, P,0.01, P,0.001 

(Figure 9 a,b). 

 

 
 

 

 

 
 

Figure 9: Effects of genistein on cell migration(A) and Significant increase of the gap size is more 

evident from T4 in tongue carcinoma cells compared to untreated control (Ctrl) (A). All experiments 

were performed at least 3 times and results are presented as the mean ± SD. *P,0.05, **P,0.01, 

***P,0.001 (B). 
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ImageJ software (National Institutes of Health, Bethesda, MD, USA) was used to calculate the size 

of wound and analyze all the acquired images. GraphPad Prism 7 (GraphPad Software, Inc., CA, 

USA) software was used for statistical evaluation.  The same protocol was adopted using curcumin 

standing for the genistein. To evaluate cell migration, we captured images at the beginning of the 

treatment with 10 μM of curcumin (T0) and at intervals (T1, T2, T3, T4, T5 and T6) during the 

migration of the cells to close the scratch, and we compared the images to determine the rate of cell 

migration (Figure 10a).  

 

 

 
 

 

 
Figure 10: Effects of curcumin on cell migration(a); All experiments were performed at least three 

times and results are presented as the means ± SD. *p < 0.05, **p < 0.01, ***p < 0.001 (b). 
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The concentration of curcumin used was the average IC50 value at 24 hours, previously estimated. 

All experiments were performed at least three times and the results were presented as means ± SD. 

We noticed a significant increase of the gap size directly proportional to the increase of the treatment 

time with curcumin, while it decreased in the untreated control. The increase was most evident from 

T3-T4 onwards and it was present in all of TSCC cell lines. For T4 and T5 times we had a very high 

significance compared to control (p <0.05 and p <0.01) for all cell lines. Instead, the wound treatment 

with curcumin after 24 hours (T6) prevented the complete healing of the wound, while it disappeared 

completely in the untreated control (p <0.001). 

-  Effects on cell apoptosis  

After treating tongue cancer cells with different curcumin concentrations, we evaluated the 

expression of PAR4. PAR4 is a pro-apoptotic and tumor suppressor protein that selectively induces 

apoptosis in cancer cells by activating the extrinsic mechanisms.  We noticed an increased expression 

of PAR4, pro-apoptotic protein, for concentration higher than 10 μM at 24 and 48 hours and for all 

treatments at 72 hours. This demonstrated, probably, that curcumin induces apoptosis in cells treated 

with 10 μM already after 24 hours and that possible apoptosis is more evident after 72 hours of 

treatment (Figure 11). 

 

 
 

           

                                        
 

Figure 11: Curcumin reduces promotes apoptosis. Variation in level expression of PAR4 showed at 

24 hours (a), 48 hours (b) and 72 hours (c). Curcumin upregulates PAR4. The results shown in Figure 

b belong to two gels.                 
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Discussion and Conclusions 
 

The tumor markers are playing an increasingly important role in cancer detection and management. 

(35). A cancer biomarker may be a molecule secreted by a tumor cell or a specific response of the 

body to the presence of cancer (36).  Cancer biomarkers can be classified based on the disease state, 

including predictive, diagnosis and prognosis biomarkers (16). In our research activities, we focused 

mainly on the research of diagnostic and prognostic biomarkers. The first ones are used to detect or 

confirm presence of a disease or condition of interest or to identify individuals with a subtype of the 

disease. In OSCC such kind of molecules have been studied mainly in blood and saliva, aiming to 

find a marker that can help clinicians in the early diagnosis of the disease, decrease the diagnostic 

delay and improve the survival rate of OSCC patients (37-39). In the last years, the research of 

circulating biomarkers has been enriched by the study of new molecules in addition to the "classic" 

proteins. Among these, great attention has been paid on the study of miRNAs. Such molecules are a 

class of small non-coding RNAs  long 19–23 nucleotides, able to negatively regulate target messenger 

RNAs (mRNAs) by partially binding to their 30 untranslated region (40). In cancer miRNAs are often 

dysregulated and implicated in different cellular process such as differentiation, proliferation, 

apoptosis and metastasis (41, 42). The presence of miRNAs was also discovered in blood and several 

other body fluids including: urine, tears, pleural effusions and saliva, exhibiting different expression 

patterns in cancer patients compared to healthy individuals (43). Although, the exact mechanism with 

which miRNAs are released into the body fluids is still unclear a lot of studies have been performed 

in order to assess whether circulating miRNAs could be used as diagnostic biomarker in OSCC. 

In order to synthesize results of literature, we performed a systematic review about the evaluation of 

circulating miRNAs in blood and derivatives as diagnostic biomarkers in OSCC (44). Results of the 

review revealed that 11 studies reported very good values of Area Under the Curve (AUC), sensitivity 

and specificity. However, issues related to methods and sampling have to be overcome before to use 

circulating miRNAs in the clinical practice. 
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Unlike detection of circulating nucleic acids that can be amplified prior to detection using array 

technologies, two potential problems with serum protein biomarkers are their low concentrations due 

to dilution in the circulation and the limited ability to assay multiple proteins from a small sample 

volume by means of immunoenzymatic assays (45). Recently, the development of proximity 

extension assay (PEA) has overcome such limitations allowing the simultaneous quantification of 

proteins in body fluids (46). 

On the basis of such evidences, we performed a study aiming to assess both circulating proteins (with 

PEA) and miRNA (by qPCR-panel) in patients with squamous cells carcinoma of the tongue (47). 

We identified 23 proteins that seems to be able to detect the disease, among these neurotrophin-3 

(NT-3) showed the better predictive values. While, no one of the 372 circulating miRNAs analyzed 

showed good values for use as diagnostic biomarker. To note, miR-150 was downregulated in blood 

but upregulated in tissues of patients, suggesting a possible role in the pathogenesis of OSCC.  

Focusing on the prognosis, the research aims to find a biomarker used to identify likelihood of a 

clinical event, disease recurrence or progression in patients who have the disease or medical condition 

of interest (16).  On the prognostic side, focused on the study of a new molecules called long non-

coding RNAs. tools for treatment of the disease. Long non-coding RNAs (lncRNAs) are transcripts 

longer than 200 nucleotides that do not code for protein production (31).  

Their action seems to be linked to chromatin modification causing an overexpression or silencing of 

target genes of which most are in cancer pathogenesis (48). In particular, we performed a meta-

analysis of studies that quantified the expression of the lncRNA HOTAIR in patients with squamous 

cells carcinoma of the head and neck (SCCHN) (49). HOTAIR is a well-known oncogene, 2.2 kb 

long and transcribed from the antisense strand of the HOXC gene located on chromosome 2, and 

consisting of 6 exons (50). Although the exact mechanism of action is not well known, HOTAIR 

seems to be able to regulate the expression of very important genes, such as: p53, PTEN, E-cadherin 

and HER-2 (32, 33, 51). Results of our meta-analysis based on the inclusion of 4 studies revealed that 

HOTAIR is a promising prognostic biomarker in SCCHN patients. HOTAIR expression correlated 
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with: advanced tumor stages (OR, 3.44; 95% CI: [1.84, 6.43]; p < 0,001), development of lymphnode 

metastasis (OR, 3.31; 95% CI: [1.24, 8.79]; p = 0,02) and poor overall survival (HR, 1.90; 95% CI: 

[1.42, 2.53]; p < 0,0001).  However, such preliminary results need to be further expanded increasing 

the power of evidences and focusing on the single subsite of SCCHN.  

Although treatment options for OSCC patients have improved in the last decades, the overall survival 

rate is still low, underlining the importance of expanding research in new therapeutic options. We 

addressed our attention to the study of the effects of two nutraceuticals (Curcumin and Genistein) on 

OSCC cell lines. Results of our studies revealed that both molecules exert dose dependent inhibition 

of viability, adhesion proliferation, migration of OSCC cell lines. In addition, curcumin seems to be 

able to induce apoptosis through downregulation of survivin, that is a well-known inhibitor of 

apoptosis (52).   

Although such effects are very promising, it is to underline that one of the major barriers to the use 

of nutraceuticals in clinical practice is related to their low systemic bioavailability (53). In order, to 

increase the amount of the products absorbed systemically further studies on new pharmaceutical 

formulations of nutraceuticals should be addressed, aiming to overcome such limitations and allow 

the use of nutraceuticals in the clinical practice. 
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