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1. ABSTRACT 

Acute lymphoblastic leukemia, a malignant illness of white blood cells is one of the most 

significant blood cancers with 80% of cases in children between 2-5 years of age. Despite 

the long term survival rate, which is more than 85% due to the success in the treatment of 

the disease, the difficulty arises as a result of resistance in chemotherapy which poses a 

major challenge. One of the major factor for this resistance has been found to be ATP-

binding cassette transporters. ABC transporters are engaged in energy dependent 

transportation of xenobiotic and other toxic compounds, as well as anti-cancer drugs. In 

various cancers including lymphoblastic and myeloid leukemia, these transporters have 

been shown to extrude the drugs resulting in resistance to chemothereutic drugs.  It is 

important to evaluate the role of ABC transporters in drug response in ALL. The aim of 

this study was to understand whether the gene expression of ABC transporters (ABCC1, 

ABCC5 and ABCB1) are independent predictors of treatment success and to find out the 

significant association between ABC transporters and ALL. Role of two molecular 

chaperons (HSP70 and GRP78) in childhood ALL was also examined to find out possible 

relation. 

 

  



 

2. INTRODUCTION 

Cancer is the second most important leading cause of death and is caused by damage 

to DNA present in the cell that leads to uncontrolled cellular proliferation giving rise to a 

lump or mass of tissue called as Tumor or Neoplasm and there after spreads throughout 

the body. This occurs either by increasing chemical signals that cause growth or by 

interrupting chemical signals that control growth (Jemal et al., 2011).There are many types 

of cancers which includes- carcinoma, sarcoma, melanoma, lymphoma and leukemia. 

Leukemia is a cancer of blood and does not form solid tumors. 

Acute lymphoblastic leukemia (ALL) is a disease of blood and bone marrow and it is 

considered as the most common type of cancer in children. ALL can occurs in both adults 

and children.There are approximately 882 million people in Indian out of which estimated 

children that develop ALL every year is around six thousand (Chandy, M. 2006). Over 

85% success rate has been achieved in treatment of children as compared to adults which 

is only 40%.The anti cancer drugs and chemotherapy is give as treatment against the 

disease. 

ATP-binding cassette (ABC) transporters are a type of ATP-dependent uniport pumps. 

They are membrane-bound ubiquitous proteins. ABC transporters are expressed mostly in 

the liver, blood-brain barrier, intestine, blood-testis barrier, kidney and placenta. ABC 

proteins transport a large number of endogenous substrates, including inorganic anions, 

peptides, proteins, metal ions, sugars, amino acids, drugs, hydrophobic compounds and 

metabolites present across the plasma membrane.  

Cancerous cells over a period of time become resistant to drugs which are structurally 

unrelated. This is known as multi drug resistance. Multidrug resistance (MDR) hampers 

the success of cancer pharmacotherapy which is a serious problem. ATP-binding cassette 

(ABC) transporters overexpression is a major mechanism resulting in MDR thus declining 

the intracellular drug concentration by extruding it out of cell. 

The cure rate for ALL disease over the past decades has relatively improved, but the ALL 

treatment failure due to multidrug resistance (MDR) phenomenon remains the most 

important reason. Multidrug transport proteins contribute majorly to chemo resistance 

through efflux of anticancer drugs from cancerous cells (Fletcher et al., 2010). 

 

The incorporation of new knowledge about the mechanisms of tumor resistance to 

antineoplastic drugs may contribute towards increasing the chances of cure, either through 

the development of new drugs, or by means of strategies that may modulate or reverse the 

resistance (Szabó et al., 2000). 
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3. REVIEW OF LITERATURE 

3.1 CANCER 

Cancer is an uncontrolled growth of any cell leading to pathological distruption of normal 

body function. These cells may interfere with the nervous system, digestive system or 

circulatory system.Cancer may arise due to DNA damage, inability of a cell to 

undergoprogrammed cell death, fusion of two or more genes or oncogene activation. 

The damage to the cell may be caused by environmental factors such as radiation, drugs or 

chemicals. There are a wide variety of cancer causing agents. It includes  environmental 

carcinogens such as pesticide, tobacco chemicals in food and chemicals from industries 

(kavlock et al., 1996, Soto et al., 2010), genotoxic carcinogens such as 2-acetamide 

fluorine, N-nitroso-diethylamine (Hayashi et al., 1992, Lee et al., 2013); human 

carcinogens such as Bile acids (Bernstein et al., 2009, Ajouz et., 2014, Bernstein et al., 

2005, Costarelli et., 2009); chemical carcinogens such as parabens (Wogan et al., 2004, 

Darbre et al., 2014, Khanna et al., 2014) and occupational carcinogens such as organic dust 

, metals , combustion products, mineral oils, radon , solar radiation(Clapp. 2008, Fernandez 

et al., 2012, Van Tongeren et al., 2012). The generally accepted environmental risk factor 

for Acute Leukemia examined by epidemiological studies include exposure to 

environmental carcinogens and ionizing radiations. Among suspected risk factors, 

exposure to pesticides, low frequency magnetic fields and infections are notable (Mezei et 

al., 2014).  

Restriction of a tumor to a particular place showing limited growth is termed as Benign ; 

if the tumor starts to invade nearby tissues via lymphatic system or circulatory system 

(blood and lymph) then the term malignant is used for that tumor and the process is 

described as Metastasis. For metastasis to take place down regulation of cell adhesion 

molecules that are responsible for cell to cell attachment occurs (sarkar et al., 2013). 

 

        Figure 1- Transformation of a normal cell into cancerous cell 

 

http://www.sciencedirect.com/science/article/pii/S1044579X04000537


 

 

3.2 ACUTE LYMPHOBLASTIC LEUKEMIA  

ALL is a form of cancer that arises when a large number of immature lymphocytes are 

produced by the bone marrow thus it is a cancer of bone marrow and blood. There are four 

types of hematologic malignancies including leukemia, lymphoma, and multiple myeloma, 

among them ALL is found to have higher frequency in children (Campos-Sanchez et al., 

2011). In this type of cancer excess lymphoid lineage hematopoietic precursors arises 

thereby crowding and then leads to the death of healthy cells. ALL is a malignancy of B 

or T lymphoid cells. Genetic alteration in these cells results in blocking of lymphoid 

differentiation thus resulting in uncontrolled cellular proliferation (Zuckerman et al., 

2014). ALL occurs when humans are exposed to chemicals and radiations. Higher levels 

of radiation exposure are known risk factors for development of leukemia (Belson et al., 

2007). 

Current diagnosis standards of ALL are detailed in 2008 WHO classification of lymphoid 

neoplasm and integrate the study of genetics/cytogenetics, cell morphology and 

immunophenotype (Vardiman et al., 2009). 

Around 80% event-free survival rate has been achieved in case of childhood ALL. This 

success in part has been achieved due to risk-stratified therapy implementation. However, 

there are still 15-20% children newly diagnosed with ALL in which relapse of disease 

occur, as there is an inadequate traditional risk assessment (Vrooman et al., 2009). 

Selection of treatment that is, drug dosage and number of drugs to be given takes place by 

considering efficient prognostic factors like age, leukocyte count at diagnosis, 

translocation of chromosomes. 

 

3.3 ABC TRANSPORTERS 

These transporters are transmembrane proteins functioning as pump and extruding toxins 

and drugs out of the cell. A large number of subrates move in and out of the cell with the 

help of ABC transporters. These transporters are also involved in transport in intracellular 

compartment. It is an energy dependent process and requires ATP hydrolysis to transport 

a substrate across the membrane. The transport occurs against the concentration gradient. 

(Stefkova et al., 2004). They are also involved in other processes such as DNA repair and 

translation of RNA. 

The human genome contains 49 ABC genes, arranged in eight subfamilies based on 

structural organization and sequence similarity (Dean and Rzhetaky 2001) and named via 

divergent evolution and this family has members that play pivotal roles in many cellular 

processes (Vasiliou et al., 2009). This superfamily also includes membrane proteins which 

are involved in extruding variety of substances across cell membranes. These transporters 

are involved in developing resistance to multiple drugs. 

 

 

 



 

 

3.4 MULTIPLE DRUG RESISTANCE 

ABC transporters in humans reside in the plasma membrane and has a protective function 

in the body. It extrudes of large number of toxic compounds or xenobiotics through active 

ATP dependent process. A multifactorial phenomenon MDR is attributable to ABC 

transporters (Gillet et al., 2004; Shukla et al., 2012). Tumor cells make use of the same 

proteins to fight against various anti-cancer agents thus making the cell resistant to it 

(Chauhan et al., 2012). These ABC transporters develop resistance to chemotherapy in 

various kinds of cancers which includes lymphoblastic leukemia and myeloid leukemia 

(Steinbach et al., 2006; Abedi et al., 2013).  

 

MDR arises when the molecular pathways of cells are altered (Hlavac et al., 2013). This 

alteration in molecular pathways can be through DNA damage repair, decreased apoptosis, 

loss of drug transport protein of the cells, from the surface, decrease in absorption of water 

soluble drugs (Aberuyi et al., 2013). Disturbance in transporter mediated drug delivery to 

cancer cells or genetic and epigenetic changes in transporters of cancer cells which affects 

the drug sensitivity are responsible for cell becoming resistant to anti-cancer drugs. 

Three major groups of efflux ABC transporters exists that are involved in cancer MDR. 

This includes classical P-glycoprotein (also called as ABCB1, MDR1, P-gp, P-170); 

multidrug resistance associated proteins (also called as MRPs, ABCC subfamily), and the 

breast cancer resistance protein (also called as BCRP, ABCG2). Their overexpression 

limits the anticancer drugs exposure (Choi and Yu 2014). 

 

3.5 ROLE OF ABC TRANSPORTERS IN ACUTE LYMPHOBLASTIC 

LEUKEMIA 

Increased drug excretion from the cells by ABC transporters is responsible for generation 

of drug resistance in ALL patients. Polymorphisms in many different metabolic pathways 

have been demonstrated in single gene studies to influence the outcome of ALL. 

Challenges arise in establishing the generalizability of observations and interpreting 

complex gene-gene interactions in multigene pathways (Mehta et al., 2004). 

 

Several MDR-related efflux pumps have been characterized, including P-glycoprotein (P-

gp), multidrug resistance-associated protein 1 (MRP1), lung resistance protein (LRP) and 

breast cancer resistance protein (BCRP). MDR1 (P glycoprotein) and BCRP extrude large 

hydrophobic, positively charged molecules from the cells. The members of the MRP 

family has the ability to extrude both uncharged hydrophobic molecules and anionic 

compounds that are water-soluble (Glavinas et al., 2004). The MRPs are known to extrude 

cancer drugs such as methotrexate, doxorubicin, etoposide, vincristine, 6-mercaptopirine 

(Kool et al., 1999, Borst et al., 2002, Jedlitschky et al., 2002, Belinsky et al., 2002). 

 

 

 

 



 

 

 

P-gp expression and/or activity has been associated with unfavourable outcome in pediatric 

ALL patients. LRP might contribute to drug resistance in B-lineage ALL, but larger studies 

are needed to confirm these results (Swerts et al., 2006). 

 

The relationships between MDR-1, MRP and BCRP expression, resistance to treatment 

and survival among children with ALL are still unclear (den Boer et al., 1998; Norgaard 

and Hokland et al., 2000). These transporters are discussed below: 

3.6 ABCB1 

Also called as P-glycoprotein (P-gp) is one of the most studied gene for drug resistance. 

ABCB1 was first reported in 1976 and is the first ABC transporter to be identified. 

Evidence of its association with drug resistance was first found in Chinese hamster ovary 

cell line, which was being selected for colchicine resistance but also showed resistance to 

puromycin and daunomycin (Juliano and Ling 1976). It was first purified in 1979 and was 

named P-gp (Riordan and Ling. 1979). It is a 170-kDa glycoprotein located on 

chromosome 7 at q21 and has 28 exons encoding 1280 amino acid protein product 

(Gottesman et al., 1995).  

It is composed of 12 hydrophobic transmembrane domains which determines the substrate 

characteristics and 2 nucleotide binding domains which is responsible for ATP binding and 

hydrolysis, thus driving substrate transport (Hyde et al., 1990). 

The protein Pgp has been found to alter the cell defense mechanism thus has been said to 

be associated with development of cancer such like colorectal carcinoma and 

hepatocarcinoma therefore mutation in gene might also lead to leukemia (Wang. 2004, 

Hattori et al., 2006). 

Dooge et al in 2002 reported an elevated risk of death in leukemic relapse patients with 

high P-gp expression (Dooge et al., 2002). Similar results were reported by El-Ghaffar et 

al in 2006 (Abd El-Ghaffar et al., 2006). 

3.7 ABCG2/BCRP 

ABCG2, is known as a ‘ABC half transporter’ tan it functions in cell membrane as a 

homodimer, It is an important member of multi drug resistance protein. When a single 

nucleotide mutation occurs from arginine to glycine or threonine at position 482 it has been 

seen that it results in wider recognition of drug and increased catalytic activity of the 

protein. (Cervenak et al., 2006). BCRP overexpression has been found to be associated 

with drug resistance in ALL (Fronkova et al., 2008). A study in 2003 by Plasschaert et al 

showed a higher expressions in patients with B-cell ALL than T-cell ALL. 

 

 

 

 



 

 

3.8 MRP FAMILY 

There are total 12 members in the MRP family. These are divided into MRP members 

which are short that is they have two nucleotide binding domains and two membrane 

spanning domains. These include MRP4, MRP5, MRP8, and MRP9. The long MRPs have 

additional membrane spanning domain and include MRP1, MRP2, MRP3, MRP6, and 

MRP7. 

There are a variety of chemotherapeutic drugs with which ALL patients are treated. These 

transporters contribute to absorption, dispersion and elimination of drugs for cancer. These 

MRPs have functional activity which overlap each other (Deeley et al., 2006). 

 

3.8.1 ABCC1 

It was the first member to be identified in the MRP family. MRP1 is described as one of 

the main gene responsible for drug resistance. Higher mRNA expression of this particular 

transporter has been linked to poor survival rate in ALL (El-Sharnouby et al., 2009, 

Plasschaert SL), AML (Schaich et al., 2005), neuroblastoma (Norris et al., 1996, Haber et 

al., 2006). Mahjoubi et al reported in their sudy that high MRP 1 expressions are associated 

with poor clinical outcomes (Mahjoubi et al., 2008). 

3.8.2 ABCC2 

It is also known as canalicular multispecific organic anion transporter (Yan et al., 

2014).The mRNA expression are found to be higher in adult and child ALL and AML 

(Steinbach et al., 2003). It is found to be responsible in methotrexate elimination (Rau et 

al., 2006). 

3.8.3 ABCC3 

Higher mRNA expression of this gene has been linked to poor overall survival and event 

free survival in ALL and AML but gave a better outcome in neuroblastoma (Henderson et 

al., 2011). It also leads to higher resistance to cancer drug methotrexate. Steinbach et al 

reported a 10 fold higher expression in patients with T-ALL in 2003 (Steinbach et al., 

2003). 

3.8.4 ABCC4 

This transports a variety of drugs but affects the disposition of key drugs used in ALL 

treatment like- 6- mercaptopurine and methotrexate (Chen et al., 2002, Russel et al., 2008, 

Janke et al., 2008). Wide variation has been seen in childhood ALL for MRP4 expression 

(sampath et al., 2002). 

3.8.5 ABCC5 

It has been found to have a role in cancer development.  

 



 

 

3.9 MOLECULAR CHAPERONES 

Chaperones are a complex network of proteins which work to prevent protein aggregation 

and assist in protein folding. This activity is necessary so as the proteins can gain their 

functional activity by folding into a three dimensional structure. Molecular Chaperones 

include heat shock proteins that help other proteins to cope up with stress-induced 

denaturation (Feder and Hofmann 1999). This is highly conserved stress response 

mechanism that cells use to protect themselves from damage. It involves upregulation of 

chaperone and heat shock protein expression to prevent damage and aggregation of 

proteins (Graner et al., 2007). 

 

3.9.1 HSP70 

Heat shock proteins, induced in stressful conditions are highly conserved molecular 

chaperons protecting the cells from toxic conditions. Under stress the levels of HSPs 

increase depending on the type of stress. The main function of HSP 70 is assisting the 

folding of misfolded proteins and also newly synthesized proteins. It also functions to 

transport proteins across cell membranes. It refolds denatured proteins by binding to ATP 

and undergoing a conformational change (Beckmann et al., 1990, Shi et al., 1992).  

Structure of HSP70 consists of 45kDa ATPase Domain with high sequence conservation 

at the N-terminal and a 25kDa substrate binding domain at C terminal. ATP hydrolysis and 

binding is important for HSP70 protein chaperone activity. This ATPase cycle is majorly 

controlled by nucleotide exchange factors and J- domain proteins. The ATP bound state of 

HSP70 has lower affinity and exchanges fast with the substrate while ADP bound state has 

high affinity for HSP70 and low exchange rate for substrate (Mayer et al., 2005). HSP70 

is an important apoptosis regulator and can regulate all main pathways of apoptosis. The 

cells in later phase of apoptosis can also be rescued by this protein (Jaattela et al., 1998). 

Xiao et al. in their study in 1996 showed that the expression of HSP70 in the blood cells 

was much lower in almost all patients than that of normal blood cells indication that the 

gene might get down regulated in acute lymphoblastic leukemia (Xiao et al., 1996). Fujita 

et al. in 1996 also reported a lower expression of HSP70 in ALL (Fujita et al., 1996). In 

recent study by Kiser et al in 2011 on adult leukemia HSP70 has been found to be 

aberrantly expressed. (Kiser et al., 2011). Sedlackova et al. found no significant difference 

in expression of HSP70 (Sedlackova et al., 2011). It has been reported by Xavier et al that 

the patients with lower expression of HSP70 has been shown to have a significantly longer 

overall survival than those patients with higher expression of HSP70 thus showing poor 

prognosis (Xavier et al., 2005). 

 

 

 

 



 

 

3.9.2 GRP78 

Also known as BiP, MIF2 and is a member of Heat Shock protein 70 family. Mainly 

localized in the lumen of endoplasmic reticulum plays a role in protein folding and 

assembly in endoplasmic reticulum (Bortolozzi et al., 2014). 

Several studies revealed that ER stress activation has been used by chemotherapeutics to 

drive cell death. Thus cell therapy can be generated by promoting the prodeath function of 

ER stress or by its prosurvival activity inhibition (Kim et al., 2008, Tabas et al., 2011). A 

process called as Unfolding Protein Response is activated by cells in response to ER stress 

and unfolded protein accumulation. It works to restore the stability of ER through protein 

synthesis attenuation or chaperone upregulation leading to folding of proteins by 

integrating several signaling pathways. 

Chaperon Glucose Response Protein (GRP8) acts as a main UPR activator and inhibits 

receptors of ER membrane – inositol requiring enzyme 1 (IRE1), activating transcription 

factor 6 (ATF6) and PKR-like ER kinase (PERK) (Xu et al., 2005). These receptors are 

activated when misfolded proteins gets accumulated and GRP78 is released from the ER 

membrane to target these misfolded proteins for degradation. Protein synthesis is blocked 

by PERK which is followed by restoring of ER homeostasis by ATF6 (Szegezdi et al., 

2006). Endoplasmic reticulum associated protein degradation system (ERAD) 

ubiquitinates the misfolded proteins followed by proteasome degradation thus decreasing 

the toxicity caused due to aggregation of proteins (Vembar et al., 2008). 

According to the work carried out by Uckun et al. in 2011, GRP78 is expressed abundantly 

in relapsed acute lymphoblastic leukemia cases and also contribute in chemotherapy 

resistance. Targeting it can induce apoptosis in acute lymphoblastic leukemia cells which 

are resistant to chemotherapy. And therefore identified GRP78 as a potential biomarker for 

chemoresistance (Uckun et al., 2011). In 2014 Kharabi et al. reported higher levels of 

GRP78 in plasma cells specifically during B-cell development at Pre-B cell receptor 

checkpoint. And also that pre-B ALL have vulnerability to ER stress (Kharabi et al., 2014). 

Tsai et al reported in 2015 that GRP78 plays a critical role in oncogenic signalling pathway 

and is emerging as a target for anti cancer therapy (Tsai et al., 2015). 

 

 

 

 

  



 

4. METHODOLOGY 

Inclusion Criteria 

Newly diagnosed and relapsed cases of B-cell to T-cell acute lymphoblastic leukemia with 

age <18 years were included in this study. Bone marrow stem cell transplant donor for 

matched sibling donor transplant were included as healthy controls. 

Exclusion Criteria 

Patients with other hematological malignancies, such as acute myeloblastic leukemia 

(AML), chronic leukemia and lymphoma, solid tumors and patients on steroids were not 

included in this study. 

Sample collection 

Bone marrow samples were collected in EDTA vials from patients with newly diagnosed 

or relapsed acute lymphoblastic leukemia and from healthy controls after giving written 

informed consent. Bone Marrow samples were also taken from healthy controls. No 

additional invasive procedure was carried out to draw bone marrow from these individuals. 

Primer Designing 

Consensus CCDS sequence of the study genes were taken from NCBI database. CCDS is 

a nucleotide sequence without introns and UTR regions. Website called Primer 3 was used 

to design real time PCR primers. The conditions for primer selection were: 

 

  Min Opt Max 

Primer Size 19 20 22 

Primer Tm 57 60 62 

Primer GC% 50 55 60 

 

                                                         Table 1 – Primer selection conditions 

 

General considerations taken into account before selecting primers is as follows: 

 Optimum length of the primer should be 20-24 base pairs 

 Tm difference between the primers  should not be more than 2°C 

 GC content should not be more than 50% 

 No hairpin or self-dimers are formed by the primers 

 

 

 



 

 

A list of all possible primers wase generated by Primer 3 after entering the sequence. All 

primer pairs were checked using the UCSC genome browser in-silico PCR tool. A primer 

pair was selected which included alternate exons or lie on the boundary. And the selected 

primer pairs were ordered from Sigma. CCDS sequence of study genes along with the 

location of primer pair is given below: 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

GENE  SEQUENCE LENGTH Tm GC% HAIRPIN 

PRODUCT 

SIZE 

ABCC1 FP GGACTTCGTTCTCAGGCACA 20 59.97 55 0 

250 

 RP GTCCAGGTTCATTCGGAGGG 20 60.11 60 0 

ABCC2 FP TCCAGCATCTCAGAGGGACA 20 59.96 55 0 

223 

 RP GGAAATATCGCCGGCAAACC 20 59.97 55 0 

ABCC3 FP CAAGATGGTCCTGGGTGTCC 20 60.04 60 0 

225 

 RP CAGACCACACACAGGAACCA 20 59.82 55 0 

ABCC4 FP GGCTGACGGTTACCCTCTTC 20 60.11  0 

198 

 RP GAGTTGGGGTCTCTGATGCC 20 60.11 60 0 

ABCC5 FP CGCACAGAGACCGTGAAGAT 20 60.11 55 0 

234 

 RP AAAGCCCAGCATTGTCCACT 20 60.18 50 0 

ABCB1 FP GAGGTGAAGAAGGGCCAGAC 20 60.04 60 0 

240 

 RP CCGGCTGTTGTCTCCATAGG 20 60.18 60 0 

ABCG2 FP TCCCCAGGCCTCTATAGCTC 20 59.88 60 0 

168 

 RP AGTTCCACGGCTGAAACACT 20 59.82 50 0 

HSP70 FP CTTCCAGAGCTGCTACGTCG 20 60.52 60 0 

196bp 

 RP TGCTCGGCCATGGAATCTTT 20 60.03 50 0 

GRP78 FP GCGGAACCTTCGATGTGTCT 20 60.39 55 0 

158bp 

 RP CCTGACATCTTTGCCCGTCT 20 60.04 55 0 

 

                                                                      Table 2- List of primer pairs 

 

 

 

 

 

 

 



 

 

 

PRIMER RECONSTITUTION 

Lyophilized 100µM primers (STOCK) 

Nuclease free water was added to the primer pair as mentioned on the data sheet provided 

by the sigma company to reconstitute 100µM primer stock. Reconstituted Primers were 

vortexed for 15 minutes followed by short spin. An aliquot of 50 µl was made for each 

primer pair. The primers were stored at -80°C. 

Further 10 µM and 0.5 µM working solution of the primers were made for PCR and Real 

time PCR respectively. To avoid contamination UV crosslinked Nuclease free water, 

pipettes, tips, stands and eppendorfs were used. 

For 10µM primers  

 

100µM stock primer : 10µl 

NFW    : 90µl 

 

Total   : 100µl 

 

For 0.5µM Primers (Primer Pair) 

 

Forward Primer (10µM):      2.5µl 

Reverse Primer (10µM):       2.5µl 

NFW      : 45µl 

 

Total      : 50µl 

 

 

Checking the primers through PCR 

Gradient PCR was done by varying the annealing temperature in the range from 55-65°C 

followed by checking the amplification through agarose gel electrophoresis to select the 

best annealing temperature. The best amplification temperature was selected as 60°C. The 

constituents for one PCR reaction of 25 µl is as follows: 



 

 

Taq buffer (1x)                  2.5µl 

Mgcl2 (25 µM)                   2.0µl 

dNTP                                  0.6µl 

Forward Primer                  1.0µl 

Reverse Primer                  1.0µl 

Nuclease free water         15.8µl 

Taq polymerase                0.2µl 

cDNA (2mcg/20 µl)         2.0µl 

 

    Total                                    25 µl 

 

 

 

                                                          Figure 2- Gradient PCR reaction cycle 

 

 

Primer Optimization 

Different concentrations of primers ranging from 0.25-0.8 µM were used to get best results. 

Primers concentration giving best amplification results in real time PCR using a control 

cDNA (kept for standardization only) was selected. 0.5 µM primer concentration was used 

further for the work. . The constituents for one real time PCR reaction of 10 µl is as follows 

 

 

 

 

      Volume:25 µl Time: 02:10 



 

 

                             SYBR green                 5µl 

                             cDNA (2mcg)              0.5µl 

                             Primer pair (0.5µM)         1.0µl 

                             Nuclease free water          3.5µl 

                                                              10 µl 

 

                                                             

 

   

                                           Figure 3- Reaction cycle for real time PCR (primer optimization) 

 

RNA isolation using RNAzol 

2ml bone marrow was collected in an EDTA vacutainer and was diluted with 4 ml of PBS 

(1X) buffer and mixed by inverting the tube. Diluted bone marrow was then gently overlaid 

onto a falcon (15 ml) containing 4 ml Histopaque and centrifuged at 1200 rpm for 35 

minutes at room temperature. The buffy coat/PBMC were separated and transferred to 

another falcon. Three volumes of PBS was added to the isolated PBMCs and mixed by 

tilting. Centrifugation was done at 2000 rpm for 10 minutes at room temperature. The 

supernatant was discarded; the pellet was re-suspended in 1 ml PBS (1x) and transferred 

into an eppendorf followed by centrifugation at 1500 rpm for 10 minutes at room 

temperature. The supernatant was removed completely and 1ml RNAzol (SIGMA-

ALDRICH) was added to the pellet and rigorous pipetting was done to completely mix the 

pellet. Vortexing was done for 2minutes after adding 400 µlof nuclease free water. The 

eppendorf was then incubated at room temperature for 15 minutes. Centrifugation was 

done thereafter at 4°C at 12000 g for 15 minutes. The supernatant (600 µl) was transferred 

into 2 eppendorfs and equal amount of isopropanol was added and mixed with pipetting.  



 

 

Incubation was done for 15 minutes at room temperature and centrifuged at 12000 g for 10 

minutes at room temperature. The supernatant was discarded from both the eppendorfs and 

800 µlof 75% of ethanol was added to first eppendorf and the pellet along with the ethanol 

was transferred to the second eppendorf and centrifuged at 7500g for 3 minutes at room 

temperature. Second ethanol (75%) wash was given after discarding the supernatant 

followed by centrifugation at 7500 g for 3 minutes at room temperature. Ethanol was 

removed and the pellet was air dried till it became transparent. Elution was done in 30 µl 

of nucleus free water. The RNA was then stored at -80°C till further use. 

 

Quantification and checking the quality of RNA on agarose gel 

Gel electrophoresis was done to check the quality of RNA and Nano Drop (C1000) was 

used to quantify the RNA concentration isolated from blood. 

 

RNA to cDNA conversion 

RNA to cDNA conversion was done using RT kit (Applied Biosystems) and 2 reactions of 

20 µl each of 2µg cDNA was made. The constituents for one reaction is as follows: 

 

RT Buffer                                    2µl 

dNTP                                        0.8µl 

Random primer                            2µl 

Reverse transcriptase                   1µl 

RNase Inhibitor                            1µl 

RNA                 (calculated according to the concentration for 2mcg) 

Nuclease free water             (to make up the volume) 

 

                                                                              20 µl 

 

 

 

 

 

 



 

 

 

 

Figure 4- cDNA conversion reaction cycle 

cDNA quality check 

cDNA was checked for normal amplification through real time PCR. Endogenous primer 

pair GAPDH was used for the quality check. Non amplifying cDNA samples were not 

processed further. The constituents for one real time reaction is as follows: 

 

                             SYBR green            5µl 

                             cDNA(2mcg)         0.5µl 

                             Primer pair (0.5µM)       1.0µl 

                             Nuclease free water        3.5µl 

  

       10 µl 

 

 

 

 

 

 

 

 

 

 



 

 

 

                               Figure 5- Reaction cycle for real time PCR (cDNA check) 

 

 

Real time PCR 

Real time PCR was dome using SYBR Green (Applied Biosystems). Real time expression 

was obtained by using Agilent technologies Stratagene MX3005P real time PCR machine. 

SYBR Green an intercalating dye binds to the double stranded DNA at the minor groove. 

SYBR green binds to the amplified product and amplification plot and SYBR dissociation 

curve is formed. Both amplification and dissociation curves are analyzed to check any non 

specific product. ROX dye was selected as a reference dye. The constituents for one real 

time reactions is as follows: 

 

                             SYBR green            5µl 

                             cDNA(2mcg)         0.5µl 

                             Primer pair (0.5µM)       1.0µl 

                             Nuclease free water        3.5µl 

  

       10 µl 

 

 

 

 

 



 

 

 

                                         Figure 6- Reaction cycle for real time PCR for ABC transporters 

 

 

                                  Figure 7- Reaction cycle for real time PCR for HSP70 and GRP78 

 

 

 

 

 

 



 

 

 
           Figure 8- Work Flow 

 

 



 

5. RESULTS 

RNA extraction from Bone marrow 

Good quality RNA from bone marrow of 6 acute lymphoblastic leukemia and 6 controls 

were extracted. The elution of RNA was done in 30 µl nuclease free water. Integrity of 

RNA was visualized by agarose gel electrophoresis. 

 

            Figure 9- RNA bands on gel of 5 ALL patients 

 

 

                                                    Figure 10- RNA bands on gel of 6 controls 

 

 

 



 

 

Quantification of RNA was done using ND 1000 nanodrop spectrophotometer. RNA 

concentration varied between 400-1200 ng/ µl. A260/280 and A260/230 ratios were above 1.8 

which showed that high purity of RNA (absence of protein contamination and absence of 

phenolic contamination respectively). 

 

RNA to cDNA conversion 

RNA was converted to cDNA by using high capacity reverse transcriptase kit from applied 

biosystems. Two 20µl reactions were made which contained 2000ng of RNA each. 

 

cDNA quality check 

Quality of cDNA synthesized from RNA was checked using real time PCR. GAPDH 

primers were used to check cDNA from 6 patients and 6 controls. The amplification was 

visualized in real time using SYBR green amplification and dissociation curves. The non 

amplified cDNA was not used further in the study. 

 

 

          Figure 11- Amplification and dissociative curves of cDNA checked through real time PCR 

Primer check using gradient PCR 

Gradient PCR was used to check all the primer pairs and to find the best annealing 

temperature for the amplification of all the genes. The temperature gradient used was from 

55-65°C.The results were visualized using agarose gel electrophoresis. Results showed 

that the primers of genes ABCC1, ABCC2, ABCC5, ABCB1 and ABCG2 showed good 

amplification at temperature 60°C while primers of genes ABCC3, ABCC4 did not show 

any  



 

 

amplification at any temperature. Primers for ABCC3 and ABCC4 were not used further 

for the study. 

 

  

      Figure 12-cDNA amplification after gradient PCR of ABCC1 (left) and ABCC2 (right) 

 

 

 

               Figure 13- cDNA amplification after gradient PCR of ABCC3 (left) and ABCC4 (right) 

 

 

 

 

 

 

 

 



 

 

 

                              Figure 14- cDNA amplification after gradient PCR of ABCC5 

 

 

  Figure 15- cDNA amplification after gradient PCR of ABCB1 (left) and ABCG2 (right) 

 

Primer check using real time PCR 

Primers were further checked using real time PCR. Real time PCR results showed the 

reaction cycle used worked for HSP 70 and GRP78 primers and showed specific binding 

and best Ct. But did not work for ABC transporters. The reaction cycle was altered for 

ABC transporters and showed single peak i.e. specific binding for ABCC1, ABCC5, 

ABCB1 but Ct values of ABCC2 and ABCG2 were very high (above 30) therefore these 

values were neglected and both the primers were not used further. 

 

 

 

 



 

 

Real time PCR 

Real time expression was analysed by SYBR green dissociation curve to check any non 

specific products. GAPDH and beta-Actin primers were used as endogenous genes. Plate 

was set up using 2 ALL patients and 2 controls at a time. 

For each individual cDDA, endogenous genes were run in triplicates and study genes 

ABCC1, ABCC5, ABCB1, HSP70 and GRP78 were run in duplicates. Non template 

controls were also put for each gene. The results showed tight Ct (ie difference in Ct values 

of duplicates/triplicates were less than 1) for all the study genes. No Ct was observed in 

case of non template control showing absence of non specific product. A representative 

amplification plot and dissociation curve is shown below for each of the genes to 

demonstrate the specificity. 

 

 

 

 

 



 

 

 

 

 

Calculation of fold change with an example 

There are two methods of calculating fold change. In method I, we subtracted controls’ 

average individual fold change value from patients’ individual fold change average value 

for a specific gene. In method II, we subtracted average controls average individual fold  



 

 

change value from individual patient’s fold change value. Both the methods are explained 

below: 

Method I 

Well Well Name 
Ct 

(dRn) 
Average Delta Ct Individual fold change 

A1 ACTB C1 18.78       

A2 ACTB C1 18.05       

A3 ACTB C1 18.78 18.5366667     

A7 HSP70 C1 27.55       

A8 HSP70 C1 27.41 27.48 8.9433333 0.00203137 

            

C1 ACTB P1 18.3       

C2 ACTB P1 17.87       

C3 ACTB P1 18.4 18.19     

C7    HSP70 P1 29.45       

C8    HSP70 P1 30.38 29.915 11.725 0.00029541 

            

E1 ACTB C2 17.68       

E2 ACTB C2 17.45       

E3 ACTB C2 17.65 17.5933333     

E7    HSP70 C2 26.41       

E8    HSP70 C2 26.55 26.48 8.8866667 0.00211274 

            

G1 ACTB P2 20.34       

G2 ACTB P2 20.25       

G3 ACTB P2 20.88 20.49     

G7     HSP70 P2 29.76       

G8     HSP70 P2 29.11 29.435 8.945 0.00202902 

                     

                                Table 3- Individual fold change of two ALL patients and controls 

 



 

 

Average Ct value was calculated for every replicate as shown in the table above. Formulas 

used are explained below: 

Delta Ct = Ct (target) – Ct (endogenous) 

Individual fold change = 2-delta Ct 

 

  Patient individual fold change Control Individual fold change   

  P1 P2 C1 C2 Control Average 

HSP70 0.00029541 0.00202902 0.00203137 0.00211274 0.00207206 

Table 4- Fold change with average of patient and average of control 

 

 P1 

Control 

Average 

FOLD 

CHANGE Less than 1 

HSP70 0.000295409 0.002072055 0.14256797 7.014198231 

                                        Table 5- Fold change with P1 and Control Average 

  

 P2 

Control 

Average 

FOLD 

CHANGE Less than 1 

HSP70 0.002029022 0.002072055 0.979231448 1.021209033 

                                        Table 6- Fold change with P2 and Control average 

 

Method 2 

  P1 P2 Patient Average C1 C2 Control Average 

HSP70 

0.000295409 

 

0.002029022 

 

0.001162215 

 

0.002031367 

 

0.002112743 

 

0.002072055 

 

                                 

                            Table 7- Calculating patient and control individual fold change average 

 

Fold change = Patients Individual fold change average 

                         Controls Individual fold change average 

 

 



 

 

Upregulation is shown in +Y axis and downregulation is shown in –Y axis. Fold change 

values which are less than 2 shows downregulation. In order to show down regulation in –

Y axis, we use the formula: 

                                     Down Regulation = -1/value less than 1 

 

  Patient Average Control Average Fold Change Less than 1 

HSP70 

0.001162215 

 

0.002072055 

 

0.560899709 

 

-1.782849918 

 

                                                    

                                             Table 8- Method 2 for calculating fold change 

 

 
                 Figure 16- Fold change of HSP70 obtained from method1 and method2 (EXAMPLE) 

 

Real time data analysis 

As the reaction conditions used for ABC transporters and Heat shock proteins were 

different so that data was analysed separately. 

 

Figure 17- Fold change in ABC transporters genes normalized with GAPDH (method1) 
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Figure 18- Fold change in ABC transpoters genes normalized with ACTB (method 1) 

 

The transcript level of all the gens were analysed by normalizing separately with GAPDH 

and ACTB as endogenous controls. 

On normalizing with GAPDH an upregulation of gene ABCC1 by 5 fold was observed in 

two ALL patients P105 and P114 and upregulation by 16 fold was obsverved in P104. No 

change in expression levels was observed in P111 and P112. 

Levels of ABCC5 were upregulated by 2 fold in one patient P114 and downregulated by 2 

fold in P111 and P112 while P104 and P105 showed no fold change. 

Gene ABCB1 showed more than 2.5 fold upregulation in two patients (P104, P112). While 

three patients (P105, P111 and P114) showed downregulation by more than 2 fold. 

On normalization with ACTB as endogenous control more than 12 fold upregulation was 

observed in ABCC1 gene in two patients P104, P114 and more than 6 fold upregulation in 

P105 and P111. No fold change was observed in P112. 

Gene ABCC5 showed 5 fold upregulation in one patient P114 and 2 fold change was 

observed in P105 and P111. No fold change was observed in P104 and P112. 

Gene ABCB1 was upregulated by 2 fold in two patients P104, P111 and P112. 

Downregulation of gene was observed in P105 by 3 fold. No fold change was observed in 

P114 
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Figure 19- Fold change of ABC transporter genes with GAPDH and ACTB (method 2) 

 

On averaging the patient data more than 6 fold upregulation was observed in ABCC1 

with GAPDH normalization and ACTB normalization respectively, wheras ABCC5 

showed no fold change with GAPDH but 2.5 fold change was observed with ACTB as 

endogenous control. 

In ABCB1 gene a fold change of more than 1.5 was observed with both GAPDH 

normalization and ACTB normalization. 

 

 

      Figure 20- Fold change of HSP70 and GRP78 normalized with ACTB (method 1) 

Since the reaction conditions for HSP70 and GRP78 were different therefore they were 

analysed separately. ACTB was used as an endogenous control and gene HSP70 showed 

10 fold downregulation in one patient (P105) and more than 3 fold downregulation in wsa 

observed in two patients (P104 and P112). Upregulation of 3 fold was observed in P114. 

Gene GRP78 showed 5 fold increase in one patient P114 and a 1.5 fold downregulation in 

P112. No fold change was observed in P104, P105. 

0

1

2

3

4

5

6

7

8

9

ABCC1 ABCC5 ABCB1

Series1

-12

-10

-8

-6

-4

-2

0

2

4

6

8

HSP70 GRP78

P104

P105

P112

P114

0

1

2

3

4

5

6

7

ABCC1 ABCC5 ABCB1

Series1



 

 

 

                       Figure 21- Fold change of HSP70 and GRP78 normalized with ACTB (method 2) 

On averaging the patient data it was observed that HSP70 did not show any fold change 

whereas a 2 fold upregulation was observed in GRP78 gene. 
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6. DISCUSSION AND FUTURE 

PERSPECTIVE 

 

ABCC1, ABCC5 and ABCB1 are ABC transporters responsible for transporting drugs and 

other molecules such as ions, proteins, peptides etc. out of the cell. This function of ABC 

transporters are being used by cancer cells to extrude out anti cancer drugs from inside the 

cell making the cell resistant to these drugs. Multidrug resistence thus hinders the 

effectiveness of the drug. 

Upregulation of ABCC1 and ABCC5 was observed in children with ALL in this study 

indicating that there is a high risk of multidrug resistance. It is important to follow these 

cases during the course of treatment to see development of any resistance or relapse after 

the end of treatment. Interestingly, upregulation of these genes have been reported in a 

study from Iran (Mahjoubi et al., 2012) and shown to be associated with poor outcome and 

prediction of relapse (Plasschaert et al., 2005).  Our results coincide with their data and 

encourages us to extend it to larger sample set and corelate with treatment response.  
 

ABCB2 gene particulaly showed upregulation in relapsed case of ALL (P104) but minimal 

upregulation was observed in newly diagnosed cases indicating a correlation between this 

gene and relapse of disease. It can be concluded that the expression of this gene is usually 

less in initial phase of the disease. 

As this is an ongoing study the increase in sample size would help us to evaluate the role 

of these genes as potential biomarkers for predicting relapse and resistance to anti leukemic 

drugs. 

No conclusive results were observed for molecular chaperon GRP78. But downregulation 

of HSP70 was seen. 
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