
Developing a Prediagnostic for Chemotherapy

Abstract

As tumors grow larger, their centers receive less oxygen, an adverse condition known as hypoxia.  Most 

cancer cells at the hypoxic core do not survive. However, a minor fraction of these cells survives; I 

hypothesized that such cells would be resistant to cancer therapeutics.  I tested my hypothesis using 

chemotherapy and Triple Negative Breast Cancers (TNBC’s), a breast cancer subtype that is routinely treated 

with chemotherapy  The TNBC lines, BT549, MDA-MB-231, MDA-MB-468, and MDA-MB-157 were 

grown under hypoxia or normoxia and treated with increasing concentrations of chemotherapeutic drugs, 

docetaxel and doxorubicin.  I then used Cell Titer Glo to quantify cell viability in untreated and drug-treated 

cultures.  Data analysis showed BT549 and MDA-MB-468 cells demonstrate resistance to chemotherapy 

under hypoxia, as opposed to MDA-MB-157 and MDA-MB-231.  To unravel the mechanism underlying 

differential TNBC drug sensitivity, I looked at their transcriptome differences.  Transcriptomics show that 

BT549 and MDA-MB-468, the resistant lines, exhibit significant downregulation of the TGFB pathway 

compared with the other two lines. TGFß is known to induce epithelial to mesenchymal transition (EMT), an 

embryonic process that increases the invasive properties of cells. I, therefore,  tested whether EMT 

characteristics of the resistant cell lines is responsible for the hypoxic drug resistance. Western Blot analysis 

shows hypoxic BT549 and MDA-MB-468 cells, lose their epithelial traits and become more mesenchymal. 

My work identifies two TNBC classes according to drug responsiveness under hypoxia. Upregulation of 

TGFB signaling in TNBCs under hypoxia may confer drug resistance through EMT induction.  I will test this 

further by combining TGFB inhibitors with chemotherapy, to determine whether the pair would enhance 

TNBC cell death and ultimately overcome hypoxia-mediated drug resistance.  

Figure 1:  This figure shows the structure of a tumor under hypoxic conditions. There 

are blood vessels present to nourish the outer tumor cells with nutrients and oxygen. 

The center of the tumor does not get enough oxygen because the tumor is large.  The 

drugs will kill cells on the outside because it can easily reach it. I conducted my 

experiments to see the fate to the hypoxic cells.

Tumor Structure under Hypoxia

Figure 10: Kaplan–Meier curves for overall survival of patients 
with TNBCs separated according to the degree of hypoxia in the 
tumors. This is estimated according to the strength of hypoxia-
regulated gene expression. Higher suppression of the genes 
regulated by hypoxia means higher hypoxia experienced by the 
tumors. Patients, whose tumors have higher hypoxia, have poorer 
overall survival. 

Figure 11: Kaplan–Meier curves for disease recurrence in patients with 
TNBCs separated by the degree of hypoxia in the tumors. This is 
estimated according to the strength of hypoxia-regulated gene 
expression. Higher the suppression of the genes regulated by hypoxia 
means higher hypoxia experienced by the tumors. In patients, whose 
tumors have higher hypoxia, the disease tends to recur earlier when 
treated with standard chemotherapy compared to those with lower 
hypoxia. 

Cell Culture (1 petri dish)

1) Check on cells to make sure they are confluent

2) Aspirate DMEM medium then wash cells with 5 mL PBS and aspirate again

3) Add 5 mL of trypsin and incubate for 5 minutes

4) Add 5 mL of DMEM to counter effects of trypsin

5) Aspirate and add 10 mL DMEM.

6) Make stock solution

7) Add 10 microliters to each side of hemocytometer and count

8) Add 5000 cells at 100 microliters to each well (40 per plate)

Drug Treatment

1) Based on drug concentration, dilute to 2 micromolar (A) and add 100 microliters of A to two 

columns

2) Dilute A tenfold to get 200 nM (B) and add 100 microliters of B to two columns

3) Dilute B tenfold to get 20 nM (C) and add 100 microliters of C to two columns

4) Dilute C tenfold to get 2 nM (D) and add 100 microliters of D to two columns

Cell Titer Glo

1) Thaw luciferase reagent and check on cells to make sure they are healthy

2) Add 120 microliters of Cell Titer Glo into each well

3) Use shaker for 8 minutes to mix contents for uniform distribution

4) Transfer all 320 microliters into opaque plates to prevent light scattering

5) Read under luminometer

Western Blot

1) Connect Wires to Gel box, open gel packages and Adjust wells if they lose position

2) Insert Plate into Gel box and add buffer

3) Add 10 µL of samples (TNBC lines) and run gel for one hour at 30mA

4) Transfer gel to membrane then add copper and sponge layer (time for 7 minutes)

5) Prepare blocking buffer (1g BSA, 10mL TBST)

6) Wash membrane in TBST then add buffer for one hour

7) Make buffer solutions (5% BSA, 10 mL TBST)

8) Add primary antibody to buffer

9) Wash in TBST next day

10) Make milk solution with TBST and add secondary antibody (1:10000)

11) Read membrane after one hour and quantify protein

•TGFß expression levels may serve as a biomarker to detect chemotherapeutic resistance in TNBC patients and hypoxia in 

cancer cells connected Epithelial to Mesenchymal transition.

•Triple Negative Breast Cancer patients stratified based on hypoxia induced drug resistance.  

•The pre-diagnostic would prevent Triple Negative Breast patients from further compromising their health if they are 

resistant to chemotherapy.  

•High hypoxic signature is associated with poor overall patient survival and combining with chemotherapy with TGFß

inhibitors may reverse hypoxic drug resistance.   

Triple Negative Breast Cancer Patients
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Figure 12: Stratification of Triple Negative Breast Cancer based on TGFß expression levels and hypoxic 
drug resistance.

Figure 7:  The 

experimental approach 

used for testing the 

effect of the 

chemotherapeutic drugs, 

Doxorubicin and 

Docetaxel, on breast 

cancer cell lines, MDA-

MB-231, MDA-MB-

157, MDA-MB-468 and 

BT549

Figure 9: Western blot 

technique, the lysate is added to 

the wells and the gel is run with 

electricity.  Afterwards, the 

membrane is read and the 

protein is then quantified

3. Hypoxia induces EMT markers resistant cells
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Figure 9: Western blot analysis of EMT markers E-cadherin and vimentin in BT549 cells and MDA-MB-231 cells grown under normoxia (N) and hypoxia (H). Untreated and TGFß treated MCF10A cells are 
shown in the vimentin blot as control. TGFß potently induces EMT in MCF10A cells. FC denotes fold change which was set at 1 in the Normoxia samples after normalizing against GAPDH levels.
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Figure 8:  Cell Titer-Glo

assay, a measure for cell 

viability based on ATP 

levels.
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Figure 9: Western blot of BT549 cells and MDA-MB-231 cells testing for PAI1 (top) and E-Cadherin 
(bottom) 
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Introduction

Cancer is a disease marked by chronic cell proliferation, To proliferate efficiently, cancers produce growth 

factors and alter the stroma, which secretes additional beneficial growth factors. Cancer cells amplify the 

growth factor receptor genes to increase their proliferative responses and/or exhibit altered responses to growth 

inhibiting factors. Such mechanisms allow the tumor to evade factors that suppress their growth and also 

increase their proliferation capability. Clinical management is accomplished in multiple ways, starting with 

proliferating cells by interfering with DNA replication. The most common drugs used for surgical removal of the localized primary tumor. Several classes of drugs are used for treatment with 

chemotherapy. The remaining tumor cells are eliminated by radiation therapy or chemotherapy, which predominantly destroy chemotherapy include taxanes (docetaxel, paclitaxel) that bind to 

gamma-tubulin and prevent mitosis, alkylating platinum drugs, (Cisplatin, carboplatin) that preferentially bind to guanine residues of DNA and form adducts, and anthracyclines (doxorubicin, 

Daunomycin) that bind to enzymes that relax the DNA, Toposiomerase II. Unfortunately, these drugs can have severe side effects since they also inhibit proliferating normal cells including blood 

cells, intestinal lining and hair follicles without any specificity. Breast cancers are classified into three major subtypes depending on their their molecular\ properties. The hormone positive 

subtypes have estrogen receptors (ER) and progesterone receptors (PR); these are dependent on estrogen for growth and are therefore treated with estrogen targeted therapy. A second subtype of 

breast cancer shows HER2 amplification and is treated with HER2-targeting therapy. However, Triple Negative Breast Cancers (TNBC) lacks ER, PR or HER2 receptors and can only be treated 

with chemotherapy because of their lack of responsiveness to ER targeted therapy. TNBC is very aggressive and many patients treated with chemotherapy recur during treatment. In this work, I 

evaluated whether hypoxia would serve as one of the mechanisms that would cause TNBCs to be resistant to chemotherapy and explored the mechanism responsible for this phenomenon and its 

clinical implications.  

Figure 6:  Pathway analysis of genes differentially expressed between BT549/MDA-MB-468 [hypoxia resistant cell 
lines] and MDA-MB-231 [hypoxia non resistant cell line] shows the down regulation of common signaling pathways.
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