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Abstract 

Breast cancer is a heterogeneous disease characterized by different subtypes, age, clinical 

course and responsiveness to treatment. Although currently used prognostic and 

treatment-predictive markers have distinctly improved treatment decisions, additional markers are 

required to further tailor treatment for individual patients. Among the variety of factors contributing 

for cancer aggressiveness, hypoxia is a leading one in terms of lethal prognosis, by driving more 

than 60 genes related with cell survival and adaptation. In this work, a hypoxia gene signature 

was created based on available clinical data from breast cancer patients. Afterwards, this 

signature was validated and improved by comparison with the gene expression of 20 breast 

cancer cell lines. The final signature, composed of 18 genes, was then applied in the clinical data, 

and it showed a very remarkable distribution of the patients within 3 scores: [0-4], [5-13], and [14-

18] expressed genes out of the total. Moreover, the created hypoxia signature was used to find 

new hypoxia-related genes. Genes that are co-expressed with each one of the 18-selected genes 

were verified, and MFAP2 and TUBB6 demonstrated to be promising. TUBB6 was followed-up, 

and its expression is significantly higher in the mRNA level in 8 different cell lines. Moreover, HIF-

1 and HIF-2 knockdowns were used to further investigate hypoxia-regulation, and HIF-1 seems 

to be the primary regulator of TUBB6. A knockdown study of TUBB6 was also conducted and it 

confirmed its functionality by showing less chemoresistance to Paclitaxel. 

Keywords:   Breast cancer, Hypoxia, Hypoxic Signature, Hypoxic prognosis, Hypoxia-related 

genes, Tubulins, TUBB6 

Introduction 

Cancer is the name given to a disease 

caused by an uncontrolled division of 

abnormal cells. Normally, cells grow and 

replicate to form new cells, while other cells 

grow old or become damaged. However, 

when cancer arises, this process is disturbed 

and the old and the damaged cells survive 

when they should die, and also new cells 

form when they are not needed. 

Carcinogenesis or tumorigenesis is 

characterized by changes at the cellular, 

genetic, and epigenetic levels. Cancer is 

then classified as a genetic disease because 

it is caused by alterations in genes that 

regulate cell function.1 There are three 

genetic alterations known as drivers of 

cancer. These modifications occur in three 

different types of genes that are responsible 

for tumor progression: oncogenes, tumor-

suppressor genes and DNA repair genes 

(stability genes).  

The metastatic process begins due to the 

lack of nutrients and oxygen - hypoxia - 



originated by the expansion of the primary 

tumors. To overcome this nutrient and 

oxygen deficiency, tumor vascularization is 

promoted and small vessels are formed 

inside the tumor. Then, through a process 

called EMT – Epithelial-to-Mesenchymal 

transition (EMT) - cancer cells undergo a 

transition from epithelial to mesenchymal 

phenotype, acquiring higher motility capacity 

to separate from the primary tumor.2 

Hypoxia is a feature of most solid tumors 

and is associated with malignant 

progression, invasion, angiogenesis, 

changes in metabolism and increased risk of 

metastasis. A family of transcription factors 

plays a central role in the cellular response 

to hypoxia, the hypoxia-inducible factors 

(HIFs), HIF-1 and HIF-2.3 HIF-1 is a 

heterodimer formed by an oxygen- and 

growth-factor-sensitive subunit α and a 

constitutively expressed subunit β. In 

normoxic cells, the α subunit is hydroxylated 

in order to be recognized by and to form a 

complex with the von Hippel-Lindau protein 

(pVHL), which mediates its ubiquitination 

and degradation by the proteasome. Under 

hypoxic conditions, prolyl hydroxylation is 

decreased, resulting in the accumulation of 

the stabilized α subunit and its translocation 

to the nucleus where it dimerizes with the β 

subunit and activates the transcription of 

target genes by binding to the hypoxic-

response elements (HREs) present in their 

promoter region. In order to characterize the 

gene expression response of breast cancer 

cells to hypoxia, a stringent set of 18 known 

hypoxia-regulated genes was selected in 

this work: ANGPTL4, BNIP3, CXCR4, CAIX, 

GLUT1, ITGA5, L1CAM, LDHA, LOX, 

LOXL2, P4HA1, P4HA2, PDK1, PGK1, 

PKM2, PLOD1, PLOD2 and VEGFA. In this 

work this set of 18 known hypoxia-induced 

genes was used to identify novel hypoxia 

regulated genes as part of a gene-

expression signature and to characterize the 

breast cancer cells response to hypoxia. 

TUBB6 was identified as a new gene 

regulated by hypoxia and its role in the 

breast cancer is likely related to Paclitaxel 

resistance. 

Methods 

CELL CULTURE 

HS578T, MDA-MB-231 and MDA-MB-157 

cells (Gilkes Lab) were cultured in 

Dulbecco’s modified Eagle’s medium 

supplemented with 10% (v/v) fetal bovine 

serum (FBS) and 1% penicillin-streptomycin. 

HCC 1937 cells (Gilkes Lab) were cultured 

in Roswell Park Memorial Institute medium 

supplemented with 10% (v/v) fetal bovine 

serum (FBS) and 1% penicillin-streptomycin. 

Cells were maintained in a humidified 

environment at 37°C and 5% CO2 during 

culture. All the cell lines are mycoplasma-

negative.  

HYPOXIA 

Hypoxic conditions were obtained by using 

a modular incubator chamber (Billups-

Rothenberg) flushed with a gas mixture 

containing 1% O2, 5% CO2, and 94% N2 

(Airgas), that was maintained inside a 

regular incubator at 37ºC. 

RNA EXTRACTION 

For extracting the RNA, the cell culture 

dishes were washed two times with PBS, 

and then TRIzol (ZymoResearch) was 

added.  Scraping was performed for 1 

minute. After, the extracted RNA was 

collected in 1,5ml Eppendorf tubes. The 

RNA purification step was conducted 



according to manufacturer’s protocol (Direct-

zol RNA MiniPrep 200 Preps, 

ZymoResearch). 

RT-QPCR 

cDNA was synthesized with using iScript 

gDNA Clear cDNA synthesis kit (BioRad). 

qPCR was performed with iTaq™ Universal 

SYBR® Green Supermix (BioRad) using the 

CFX96 Touch™ Real-Time PCR Detection 

System. The gene expression was 

calculated using the Bio-Rad CFX Manager 

software. 

Immunoblotting 

Cell lysates were prepared by a lysis buffer 

containing NP-40 buffer (150 mM NaCl, 1% 

NP-40, 50mM Tris-HCl, pH 8.0). Total 

protein was quantitated with Bradford 

Protein Assay, and equal amounts of protein 

loaded in each lane of a 12% Mini-

PROTEAN® TGX™ Precast Gel (Bio-Rad) 

followed by transfer to a nitrocellulose 

membrane (Bio-Rad), using a Trans-Blot® 

Turbo™ Transfer System (Bio-Rad). After 

blocking with 5% non-fat milk for 1 hour at 

room temperature, the membrane was 

incubated overnight at 4ºC, with monoclonal 

antibodies specific for TUBB6 (Abcam Inc.), 

HIF-1α (BD Biosciences), HIF-2α (Novus 

Biologicals) and β-actin (Santa Cruz). Signal 

was detected by Azure Western blotting 

detection reagents, in the Azure c600 (Azure 

Biosystems). 

GENOME-SCALE CRISPR KNOCK-OUT 

CRISPR (Clustered Regularly Interspaced 

Short Palindromic Repeats) is a microbial 

nuclease system involved in defense against 

invading phages and plasmids. CRISPR loci 

in microbial hosts contain a combination of 

CRISPRassociated (Cas) genes as well as 

non-coding RNA elements capable of 

programming the specificity of the CRISPR-

mediated nucleic acid cleavage. Lentiviral 

CRISPR/Cas can infect a broad variety of 

mammalian cells by co-expressing a 

mammalian codon-optimized Cas9 nuclease 

along with a single guide RNA (sgRNA) to 

facilitate genome editing.4 In order to 

knockdown the TUBB6 gene in the HS578T 

cell line, the lentiCRISPRv2 was used. This 

plasmid contains two expression cassettes, 

hSpCas9 and the chimeric guide RNA.5 The 

vector was digested using BsmBI, and a pair 

of annealed oligos was cloned into the single 

guide RNA scaffold.  

CELL EXTRACTION AND COUNTING 

After aspirating the media from the culture 

dishes and washing once with PBS, the 

resulting cell suspension was spun down for 

5 minutes at 1500 rpm. The supernatant was 

discarded and the cells were re-suspended 

with 100 μl of fresh media. The cell counting 

was performed using a Countess Automated 

Cell Counter (Invitrogen) and Trypan Blue as 

dye. 

DRUG RESISTANCE STUDY 

In the drug resistance study the cells were 

cultured in a plastic-bottom 96 well plate 

(Corning) and after 24 hours, the drug was 

added in different concentrations, using the 

serial dilutions method. The 

chemotherapeutic agent tested was 

Paclitaxel or Taxol (Life Technologies), that 

was diluted in ethanol, according to 

supplier’s recommendation. After 3 days of 

drug exposure the culture media was 

replaced with fresh media containing Presto 

Blue reagent (Invitrogen). This reagent is not 

harmful for cells and it was added in a 1:10 

ratio within100μl of media in the 96-well 

assay plate. After an exposure time of 4 



hours, the fluorescence was read using the 

Cytation 5 Cell Imaging Multi-Mode Reader 

(Biotek). 

IC50 CURVES 

For IC50 curves fitting, after plotting log(drug 

concentration) and response values - as 

invaded distance and fluorescence reading - 

GraphPad Prism was used to fit the curves 

to nonlinear regression, specifically among 

”Dose-response curves - Inhibition” panel. 

Accordingly, to the best fit,”log(inhibitor) vs. 

response - Variable slope (four parameters)” 

was applied to every curve. 

DATA AND STATISTICAL ANALYSIS 

Collected data was organized for analysis 

in Excel (Microsoft, Redmond, WA). Mean 

values, Standard Error (SE) and Standard 

Error of the Mean (SEM), and statistical 

analysis were calculated and plotted using 

GraphPad Prism. 

MICROARRAY DATA ANALYSIS 

GOBO data was collected from 7 

independent studies available in the GEO 

database and obtained as *.rdata files from 

the authors19. Pearson’s correlation and 

Kaplan-Meier analyses were conducted 

using GraphPad Prism Software. In the 

Kaplan-Meier analyses, the separation 

between the low and high expression groups 

was done by the median. 

RT-qPCR AMPLIFICATION EFFICIENCY 

ASSAY 

The efficiency of any PCR can be 

evaluated by performing a 10-fold dilution 

series experiment using the target assay. 

After properly setting the baseline and 

threshold, the slope of the standard curve 

can be translated into an efficiency value. 

Results and Discussion 

THE HYPOXIA GENE SIGNATURE 

In order to characterize the gene 

expression response of breast cancer cells 

to hypoxia, the stringent set of 18 known 

hypoxia-regulated genes described 

previously was tested in a panel of 8 breast 

cancer cell lines. This panel is composed by 

cell lines from different subtypes. The 

BT474, MCF-7 and ZR-75-1 that present a 

luminal subtype, the HCC1937 and 

HCC1954 from the Basal A subtype, the 

MDA-MB-157 from the Basal B subtype, the 

MDA-MB-231 and SUM159PT, that present 

a Claudin-Low subtype. These cells were 

expanded and then exposed to culture 

environments of ambient oxygen level (20%) 

and hypoxia (1%), under identical CO2 

concentrations (5%). After 24 hours of 

exposure to hypoxia, the mRNA expression 

levels were measured by RT-qPCR. Using 

conditional formatting, low expressed genes 

are in white and light blue, while high 

expressed genes are in dark blue. Although 

some genes do not appear to be induced by 

hypoxia because they are not highly 

expressed in one breast cancer cell line 

comparing to the other cell lines, that does 

not mean that they are not expressed, since 

all values are standardized. So, in order to 

measure the hypoxia induction, the fold 

change (FG) between normal and hypoxic 

conditions of each gene was calculated. The 

gene expression fold change of each gene is 

shown on Table 1. 

THE HYPOXIA GENE-SIGNATURE 

PREDICTS PATIENT OUTCOME 

To know if the hypoxia signature brings 

something new and useful to clinical 

decision making and whether it significantly 

complements previously established 

prognostic factors, a Kaplan-Meier analysis  



Table 1 - Gene expression fold change of the 18 hypoxia regulated genes 

 

 

was conducted. This process was done to 

each hypoxia regulated genes individually 

and to the hypoxia gene-signature, using the 

distant free metastasis survival data of 1881 

breast cancer patients, from the GOBO 

database. For the hypoxia gene-signature, 

the Kaplan-Meier analysis (Figure 1) was 

done with distant free metastasis survival 

data of 1881 patients from the GOBO 

database and disease free survival data of 

1979 patients from the Metabric database. 

However, since it was not possible to sum 

the expression of the 18 hypoxia regulated 

genes for each patient, because the 

expression of the 18 was not registered, a 

different method to stratify patients was 

used. Instead of separating patients 

between low and high expression groups, 

patients were separated by the number of 

genes of the hypoxia gene signature that are 

highly expressed (higher than the median). 

Remarkably, the Kaplan-Meier analysis 

shows a very significant difference between 

patients that highly express most of the 

genes of the hypoxia signature and patients 

that express less than 4 genes. 

 

Novel Hypoxia-Induced Genes 

As it was mentioned previously, one of the 

main goals of this work was to identify novel 

hypoxia-induced genes in breast cancer, 

using gene expression data of the 18 

hypoxia regulated genes, from a cohort of 

1881 breast cancer patients -  GOBO 

database. In order to achieve this, two 

combined methods were used: the hypoxia-

score method and the co-expressed genes 

method. Hypoxia-score Method: This 

method consists in generating a “hypoxia 

score” for each breast cancer patient, by 

adding the gene expression values of the 18 

hypoxia regulated genes. Then, by using the 

Pearson correlation function in the Excel, the 

hypoxia score of each breast cancer patient 

is correlated with the expression of each 

gene. Afterwards, the genes with a 

correlation value higher than 0.3 (p 

value<0.0001) were selected. This method 
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Figure 1 - Kaplan-Meier analysis of the hypoxia gene-signature using disease free survival data of 1979 
patients from the Metabric database and distant free metastasis survival data of 1881 patients from the 
GOBO database. 

allowed to exclude the genes that are not 

correlated with the hypoxia score, and 

therefore, most likely not regulated by the 

hypoxia response - HIFs. 

Co-expressed Genes Method: Through 

the GOBO database, it was possible to 

obtain a list of genes that are co-expressed 

(that have a similar expression pattern 

across samples) with each one of the 18 

selected hypoxia regulated genes, with a 

Pearson correlation value higher than 0.3 (p 

value<0.0001). 

After overlapping the genes selected by 

both methods, just the 22 genes shown on 

table 2 were obtained. 

Table 2 - Genes obtained by both methods used 
to identify novel hypoxia-induced genes 

 

In this list of 22 genes, it is possible to find 

already known hypoxia-induced genes, 

namely LOX and PGK1 that are part of the 

hypoxia signature, but also ADM 

(Adrenomedullin), that is present in 15 

published hypoxia gene-signatures6, PIM1 

that is induced by HIF-17, SPP1, also known 

as OPN (osteopontin)8 and GPI has also 

been shown to be induced under hypoxia.9 

The fact that some already known hypoxia 

regulated genes appear in this list, validates 

the methodology applied, since the objective 

of using the 2 different methods was to 

obtain genes that are regulated by hypoxia. 

Therefore, removing these 6 known hypoxia-

induced genes and ACTB and GAPDH 

because they are both considered 

housekeeping genes, only 14 genes remain 

as possible novel hypoxia regulated genes. 

Thus, the expression of these 14 genes was 

measured in the same panel of 8 breast 

cancer cell lines as the 18 hypoxia regulated 

genes, under hypoxic and normal 

conditions, using RT-qPCR. 

After the 14 genes were tested in the panel 

of 8 breast cancer cell lines, only two 
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demonstrated to be more promising in terms 

of being a novel hypoxia regulated gene – 

the MFAP2 and the TUBB6. The expression 

of these two genes was then tested in a 

larger panel of 20 breast cancer cell lines 

and 3 biological replicates were obtained for 

the cell lines that showed a significant fold 

change, as shown on the Figure 2. It is 

possible to observe that TUBB6 is the gene 

with higher fold change of gene expression 

under hypoxia relatively to normal 

conditions, being the most promising novel 

hypoxia regulated gene. 

 

 

Figure 2 - MFAP2 and TUBB6 gene expression 
with significant fold change after 3 biological 
replicates. 

Tubulin beta 6 (class V) – a novel hypoxia 

regulated gene 

In Figure 3 is possible to verify that the 

gene expression patterns of TUBB3 and 

TUBB6 in the breast cancer cell lines used is 

similar. A recent study showed that there is 

a link between poor patient outcome and the 

expression of TUBB3 and TUBB6.10 As 

previously mentioned, βIII-Tubulin (TUBB3) 

is a well-studied hypoxia-induced gene,11,12 

and a biomarker of biologic aggressiveness 

and the tendency toward metastasis.84 

Altogether, this provides evidence that 

TUBB6 can be in fact a hypoxia regulated 

gene. 

 

Figure 3 - TUBB3 and TUBB6 gene expression 
patterns in different breast cancer cell lines 

Hypoxia induction mechanism of TUBB6 

As described before, the hypoxia induction 

mechanism relies on two transcription 

factors: HIF-1α and HIF-2α. To identify 

which transcription factor is responsible for 

the induction of TUBB6, HIF-1α and HIF-2α 

knockdown in HS578T cells were used. The 

TUBB6 and P4HA1 genes were used as a 

hypoxia controls and the mRNA expression 

measurements were assessed using RT-

qPCR. By analyzing the P4HA1 expression 

levels, it is possible to verify that the hypoxia 

exposure worked correctly, since it is known 

that this gene is highly expressed under 

hypoxia. Through an analysis of the TUBB6 

expression levels, one can conclude that, 

since in the HIF-2α knockdown cells there is 

induction of TUBB6, and in HIF-1α 

knockdown cells there is practically no 



TUBB6 expression, that HIF-1α is the 

transcription factor responsible for the 

hypoxia induction mechanism of TUBB6. 

However, it is important to point out that the 

TUBB6 expression levels on the non-target 

control are very low, when there should only 

be a decrease in the HIF-1α knockdown 

cells. 

 

 

Figure 4 - TUBB6 and P4HA1 relative normalized 
expression of the HS578T non-target control, 
HIF-1 and HIF-2 knockdowns cell lines. 

Studying the effect of Knocking Down 

TUBB6 

In order to carry on studying the role of 

tubulin beta 6 (classV) in breast cancer and 

the effect of hypoxia in the TUBB6 

expression levels, the HS578T cell line was 

used, since it is the one cell line with the 

highest induction of TUBB6 under hypoxia. 

The TUBB6 knockdown in the HS578T cell 

line was obtained using the CRISPR/Cas9 

method described above. Three knockdown 

cell lines were created, in order to compare 

potential variations in this method, and 

therefore validate the process. In the Figure 

5, it can be verified that the knockdown was 

successful, since the TUBB6 expression 

levels of the 3 knockdown cell lines is 

significantly lower comparing with NTC cell 

line.  
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Figure 5 - TUBB6 expression levels of the HS578T 
non-target control and the 3 TUBB6 knockdown 
cell lines, under normal conditions. 

Validation by verification of TUBB3 

expression 

To validate the TUBB6 knockdown, 

another tubulin, the βIII-tubulin (TUBB3) was 

selected in order to confirm that the TUBB6 

gene is the only gene knocked-out in the 

HS578T cells. Figure 6 shows that the 

TUBB6-2 knockdown is the one that was 

less affected by the knockdown process, 

since it is the one that has a similar TUBB3 

expression level with the non-target control, 

while the other TUBB6 knockdowns show a 

decreased TUBB3 expression level. 

Considering the huge number of different 

isoforms of tubulins, and the intricate and 

very similar sequence of all these different 

tubulins, a knockdown of on specific isoform 

is a real challenge. The blastN tool showed 

that there is 90% identity between the 

sequences of TUBB3 and TUBB6.  

Therefore, the TUBB6-2 knockdown is an 

exciting result from this approach. 

*** 
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Figure 6 - TUBB3 and TUBB6 expression levels of 
the HS578T non-target control and TUBB6 
knockdown cell lines, under normal conditions 

Functional role of TUBB6 

To study the role of TUBB6 in the 

chemoresistance of breast cancer cells to 

Paclitaxel, a cytoskeleton drug that targets 

tubulin, a drug resistance study was 

performed, using the HS578T TUBB6 

knockdown cells. The resistance study was 

done with Paclitaxel concentrations of 1, 3 

and 5nM. After exposure for 72 hours, under 

1nM concentration of Paclitaxel, there was 

significant difference between the TUBB6 

knockdowns and the HS 578T parental cell 

line (Figure 7). Meaning that after 72 hours, 

the knockdown cell lines showed less 

resistance to Paclitaxel than the parental cell 

line. This suggests that the TUBB6 might 

have a role in the chemoresistance to 

Paclitaxel, although the drug study did not 

show a significant difference between 

normal conditions and hypoxia. 

Conclusions and Future Work 

In this work, a hypoxia gene signature was 

developed from the characterization of the 

transcriptional response of 8 breast cancer 

cell lines to hypoxia, and it can be 

considered as a hypoxia biomarker for a 

more precise and accurate prognosis of 

breast cancer patients. When this hypoxia 

gene signature was applied in clinical data of 

two large databases. 

 

Figure 7 - Fold change of the fluorescence 
measurements between the HS 578T NTC cell 
line and the parental and TUBB6 knockdown cell 
lines, under normal conditions and hypoxia. *** 
p<0.001, *p<0.05 

Also, after the Kaplan-Meier analysis it 

was able to predict patient outcome, with a 

high significance (p<0.0001), with the 

patients stratified into three groups. 

However, since some of the genes initially in 

this signature were not induced in every cell 

line, namely CXCR4, ITGA5 and L1CAM, 

this hypoxia gene signature can still be 

improved, by focusing on other genes that 

are induced under hypoxia in a bigger panel 

of cell lines. Besides creating a hypoxia gene 

signature that could predict patient outcome, 

other goal of this work was to use this 

hypoxia signature to identify novel hypoxia-

induced genes. Using the GOBO database 

microarray analysis data, a hypoxia score 

was generated for all the 1881 patients and 

correlated with each gene in the database, 

then the genes with a Pearson’s correlation 

higher than 0.3 were. These genes were 

then overlapped with the genes co-

expressed with a least 5 genes of the 

hypoxia gene signature. From the 

overlapping of the two methods, a list of 22 



genes was generated.  Although, from this 

22 genes list, only two turned out to be 

promising new hypoxia regulated gene - 

MFAP2 and TUBB6. It is important to note 

that from the 22 genes list, 6 were already 

known as being induced by hypoxia, which 

means that the conjugated methodology of 

the hypoxia score method and the co-

expressed genes was well applied and 

therefore, validated. To show that TUBB6 is 

in fact a novel hypoxia regulated gene, the 

gene expression was measured in 20 breast 

cancer cell lines, under normal conditions 

and hypoxia. In 8 of the cell lines the TUBB6 

expression was significantly high under 

hypoxia. After knowing that TUBB6 is a 

hypoxia-induced gene, it was necessary to 

discover how the hypoxia induction 

mechanism was working in the cells. For that 

HIF-1 and HIF-2 knockdowns were used to 

determine which transcription factor was 

responsible for the induction under hypoxic 

conditions. Since, the TUBB6 expression in 

the HIF-1 knockdowns was significantly 

decreased, comparing with HIF-2 

knockdowns, it is safe to assume that HIF-1 

is the transcription factor responsible for the 

hypoxia induction mechanism of TUBB6. 

The most recent and the best gene 

knockdown method, the CRISPR/Cas9, was 

used to successfully knockdown the TUBB6 

gene on HS 578T cells. These knockdown 

cells were then used to confirm the 

functionality of TUBB6 by showing less 

chemoresistance to Paclitaxel, a 

microtubule destabilizer drug that targets 

tubulin. As next steps with regards to the 

hypoxia gene-expression signature, 

although it is a validated prognostic marker 

already, it would be important to keep 

improving its clinical relevance by including 

more databases, more cancer cells lines and 

by studying different genes. Moreover, the 

use of this tool to investigate new genes 

implicated in hypoxia-regulation would open 

way for including new markers in the breast 

cancer context. In the future, it is necessary 

to continue on studying the class V β-Tubulin 

(TUBB6) in order to better comprehend the 

hypoxia induction mechanism not only at the 

mRNA level but also at the protein level. 

Currently, the Gilkes Lab is working on 

getting manufactured specific TUBB6 

antibody to proceed with these studies. In 

addition, they are also continuing the studies 

of drug resistance with the developed 

knockdown cell lines. Ultimately, the 

interaction of TUBB6 will be further studied 

though studies focusing its role in the 

microtubules dynamics in cell division, that it 

is blocked with Paclitaxel. It is also important 

to notice that the characterization of the 

hypoxic expression of the 20 cell lines is now 

a hypoxia library in the Lab, that it is being 

used by its members in any kind of decision 

with regards to which cell lines to focus on. 

The creation of the Hypoxia Gene-

expression Signature will also be 

implemented in statistical analysis of 

survival curves form now on. In conclusion, 

the work developed in this thesis focused on 

two important distinct parts: defining a 

reliable hypoxia signature to act as a 

prognosis tool, which was accomplished 

with success; and using that signature to find 

more hypoxia-genes, such as TUBB6. In the 

context of this last part, more work was 

developed to further investigate the role of 

this gene, project that it is being continued. 
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