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                                                  ABSTRACT 

Title:- Expression analysis of long non-coding RNA GAS5 and BANCR in 

lung cancer cell line A549 compared to IMR-90. 

Name of Student   : Uttam Sharma 

Registration Number  : 16mslsas02 

Degree for which submitted : Master of Science 

Name of Supervisor  : Dr. Aklank Jain 

Department    : Animal Sciences 

Name of School   : School of Basic and Applied Sciences 

Keywords   : Long non-coding RNA, GAS5, BANCR,                       

                                                        Quantitative Real- Time  PCR, Melt curve 

Lung cancer is the major cause of death worldwide. Several chemotherapeutic 

drugs and therapies have been established, but the early diagnosis and prognosis 

of lung cancer is still a question. Long non-coding RNAs are important regulator 

molecules in the human genome, which serves as transcriptional modulator, post 

transcriptional processor, chromatin remodeletor and splicing regulator during the 

gene modification process. Emerging studies have suggested the role of long non-

coding RNA as potential biomarker for cancer diagnosis and prognosis by 

functioning as tumor suppressors and oncogenes. Several studies have been 

reported on cell lines, tissues as well as tumor and the molecular mechanism is 

still not clearly understood. GAS5 and BANCR are two long non-coding RNAs, 

which are found to be down-regulated in multiple cancers such as lung carcinoma, 

breast cancer, etc. In the current study, we focus on the expression analysis of 

GAS5 and BANCR in A549 cell line compared to IMR-90 cell line to study the role 

of long non-coding RNA in the pathogenesis of lung cancer. Furthermore, we 

investigated the expression of GAS5 and BANCR using quantitative Real-Time 

PCR. The result showed that GAS5 and BANCR expression was significantly 

down-regulated in cancerous cell line compared to non-cancerous cell line. The 

fold change of lncRNAs GAS5 and BANCR was 14 times (P=0.0088) and 7 times 

(P=0.0088) down-regulated in A549 cell line respectively. The melt curve analysis 

showed that there was only one sharp peak obtained for both GAS5 and BANCR 
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which suggests that primers bind to their specific targets and no primer dimer was 

observed. 
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Cancer is an abnormal growth of body cells. When the programming of a cell or a 

group of cells is altered, growth may become uncontrolled. Cancer can start in 

many different places in the body, such as lung, breast, colon, brain, blood, etc. 

According to American Cancer Society, the factors which contribute to altering the 

programmed cell is chronic irritation, tobacco, smoke and dust, radioactive 

substances, age, sex, race and heredity. 

Amongst all types of cancer, Lung cancer is the major cause of death worldwide. 

Basically, there are two types of lung cancer-Small cell lung cancer (10-15%) and 

non-small cell lung cancer (80-85%). Non-Small cell lung cancer is further 

classified depending upon pathological characteristics such as lung 

adenocarcinoma, large cell carcinoma and lung squamous cell carcinoma. Lung 

adenocarcinoma is more prone than any other NSCLC (Devesa et al., 2005; 

Topalian et al., 2012; Wei and Zhou, 2016). 

                        

 

 

According to the GLOBOCAN 2012 report, in India, the estimated incidence rate of 

lung cancer was 70,275 in all ages and both sexes and the overall estimated lung 

cancer mortality in 2012 was 63,759 (IARC and WHO, 2012). Out of all the 

Figure 1: Location of Non-Small Cell Lung Cancer (NSCLC)  

               (Drawn using ChemBio Draw Ultra 14) 
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cancers incidence and mortality rate (in percentage), as shown in the figure 2 and 

3, Lung cancer occupy 17% and 24% respectively of all the cancers worldwide. 

               

          

               

 

The most crucial reason for high mortality is sustained proliferation of cells and the 

tumor metastatic potential (X. Shi et al., 2015).Therefore, it is very important to 

study the potential biomarkers which help us to early diagnose the lung cancer. 

Recent studies have revealed that more than 90% of the human genome 

transcribed into non-coding RNA, whereas approximately 2% transcribes into 

coding RNA and translated into protein (as shown in the figure 4) (Khandelwal et 
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Figure 2: Estimated cancer incidence rates worldwide  

                (IARC and WHO, 2012) 

Figure 3: Estimated cancer mortality rates worldwide  

                (IARC and WHO, 2012) 
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al., 2015). Previously it was studied that mutation in a protein coding gene 

contributes to the pathogenesis of lung cancer, but recent evidences showed that 

long non-coding RNA also participate in tumorigenesis and tumor progression of 

lung cancer (J. X. Chen et al., 2015; T. R. Mercer et al., 2009; Nakagawa et al., 

2013; X. Shi et al., 2015). 

                              

  

Long non-coding RNA is an RNA molecule which is longer than 200 nucleotides in 

length, which do not code for proteins (X. Shi et al., 2015; Spizzo et al., 2012). It 

was once thought that lncRNAs were the transcriptional noise and they do not play 

any significant role in cellular processes of life (Zou et al., 2017). But with the 

advancement of whole genome sequencing and microarray, it has been revealed 

that they can be used as biomarkers for some tumors (Gao et al., 2017). It 

performs many biological processes such as transcription, splicing, translation, 

protein localization, epigenetic gene expression, cell structure integrity, cell cycle, 

heat shock response, imprinting, stem cell pluripotency, reprogramming, 

embryogenesis, immune response regulation, cell differentiation, cell fate 

determination, proliferation and migration (Brannan et al., 1990; B. Chen et al., 

2013; Fatica and Bozzoni, 2014; Grote and Herrmann, 2013; Gutschner and 

Diederichs, 2012; Khandelwal et al., 2015; Kino et al., 2010; Z. Li and Rana, 2014; 

L. Ma et al., 2013; Wapinski and Chang, 2011). As the long non-coding RNA plays 

a significant role in multiple biological processes and gene regulation, any aberrant 

Figure 4: Diagrammatic representation of RNA types 
                (Drawn using ChemBio Draw Ultra 14) 
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expression of lncRNA leads to cancer etiology such as proliferation and 

metastasis of cancer cell through transcriptional and post transcriptional 

modifications (Geisler and Coller, 2013; Guttman and Rinn, 2012; Wei and Zhou, 

2016). 

1.1. Types of Long noncoding RNA 

Previously, the naming of newly discovered lncRNAs was a debatable issue, 

however, most lncRNAs are named for the genes which are nearby or the protein-

coding genes they regulate (Nakagawa et al., 2013). Long noncoding RNAs are 

classified into six broad categories, depending upon the relationships with protein 

coding genes. 

a. Intergenic  - A lncRNA gene lies as an independent unit within the genomic 

interval between two genes. 

b. Bidirectional- Expression of a lncRNA gene and its neighboring coding 

transcript on the opposite strand is initiated in close genomic proximity. 

c. Intron sense-overlapping-  A lncRNA gene lies in the intron of a protein-

coding gene on the same strand. 

d. Exon sense-overlapping- A lncRNA gene lies in the exons of protein-coding 

gene on the same strand.  

e. Intronic-antisense - A lncRNA gene lies in the introns of protein-coding 

gene on the opposite strand in the same region. 

f. Natural-antisense - A lncRNA gene lies in the exons of protein-coding gene 

on the opposite strand. lncRNA. 

                    

          

 

 

Figure 5: Types of lncRNAs (W. Li et al., 2017) 



 6 | P a g e  
  

1.2. Growth Arrest Specific transcript 5 (GAS5) 

The lncRNA Growth Arrest Specific transcript 5 (GAS5), acts as a tumor 

suppressor in human cancer and has been reported to be involved in the 

progression of several types of cancer, such as breast cancer, prostate cancer, 

hepatocellular carcinoma, and colorectal cancer and lung cancer (W. Li et al., 

2017; C. Ma et al., 2016; Pickard and Williams, 2016; Tao et al., 2015), gastric 

cancer, cervical cancer and head and neck squamous cell carcinoma (Cao et al., 

2014; Gao et al., 2017; Gee et al., 2011; Sun et al., 2014). The genomic location 

of GAS5 is 1q25 and nucleotide length is 630bp. Studies have shown that GAS5 

has been down-regulated in multiple cancers, which leads to tumorigenesis, cell 

proliferation, apoptosis, metastasis and survival time (Chang et al., 2016; Gao et 

al., 2017; L. Hu et al., 2016; Zhang et al., 2017). Recently it has been discovered 

that the function of the GAS5 in mammalian cells can be regulated by 

the nonsense-mediated degradation pathway (C. Ma et al., 2016). 

 1.3. BRAF-activated lncRNA (BANCR) 

BRAF-activated lncRNA (BANCR) is also a tumor suppressor which is 693bp long 

non-coding RNA, located on chromosome 9 (J. X. Chen et al., 2015). The 

dysregulation of BANCR is observed in many human cancers such as melanoma, 

colorectal cancer, retinoblastoma, lung carcinoma and hepatocellular carcinoma. 

The progression of lung cancer is related to the down-regulation of lncRNA 

BANCR by affecting tumor size, clinical stage and TNM stage of lung cancer 

patients (L. Li et al., 2015; Liu et al., 2016; Y. Shi et al., 2015; Zou et al., 2017). 

Downregulation of BANCR expression associated with reduction of E-cadherin 

gene expression and induction of N-cadherin, vimentin and MMPs gene 

expression (W. Li et al., 2017). 

In the current study, we tried to study the expression level of lncRNAs GAS5 and 

BANCR in lung cancer cell line A549 compared to IMR-90 cell line. The 

expression levels of GAS5 and BANCR were significantly down-regulated in 

cancerous (A549) cell line. 
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                                                       OBJECTIVES 

1. To isolate the total RNA from A549 cell line (cancerous) and IMR-90 cell 

line (normal). 

2. To study the expression levels of long non-coding RNA GAS5 and BANCR 

in cancerous cell line (A549) and normal lung cell line (IMR-90). 
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Earlier in the 1950s, Scientists were thought that higher organisms contain more 

genes than lower organisms (Comings, 1972) but it had been revealed that the 

developmental complexity of animals is not determined by the amount of DNA in 

the genome (Thomas, 1971). With the advancement of DNA-RNA hybridization 

techniques, researchers realized that major parts of the genome are non-coding 

and were considered as “Junk DNA” (Ohno, 1972).  

In 1970s, Subsequent studies on the non-coding RNA had been done, which 

resulted the discovery of heterogenous nuclear RNAs and introns (Berget et al.; 

Holmes et al., 1972; Pierpont and Yunis, 1977) and demonstrated the role of 

snRNAs and snoRNAs in post transcriptional RNA processing (Busch et al., 1982).  

In 1990s, several lncRNAs such as, H19 and XIST were known (Brannan et al., 

1990; Brockdorff et al., 1992)  but with the discovery of large number of micro RNA 

and sustaining keen interest on micro RNA studies resulted the suspension of 

lncRNAs.  

Studies have shown that it was very difficult to study lncRNAs because of their low 

expression levels and is present in specific cell types, tissues and for very limited 

time frame (Bartonicek et al., 2016; Cabili et al., 2011; Gloss and Dinger, 2016; 

Tim R. Mercer et al., 2008). In the early 2000s, with the advancement of whole 

genome sequencing and microarray techniques resulted in the identification and 

annotations of many lncRNAs (Bertone et al., 2004; Okazaki et al., 2002; Ota et 

al., 2004) and various biological processes such as growth, differentiation and 

establishment of cell identity, gene expression, mRNA processing and protein 

translation and transport, and are commonly deregulated in cancers which serves 

as clinical biomarkers (Flynn and Chang; W. Hu et al.; Rossi and Antonangeli; 

Wang and Chang). 
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Studies identified that numerous lncRNAs have been involved in multiple cancer 

types (as shown in the Table 1), either with the help of previously annotated 

GENCODE lncRNAs, or by de novo assembly of all available public datasets. 

 

Cancer Types LncRNAs 

Brain MALAT1,XIST,CRNDE,POU3F3 

          Oral/Tongue/Nasopharyngeal HOTAIR, UCA1, NEAT1, AFAP1-AS1 

Thyroid BANCR, PVT1 

Esophageal CCAT2, HOTAIR ,PCAT-1 

Lung 
CCAT2, HOTAIR, LCAL 1, ANRIL, UCA1, 
LUADT1, AFAP1-AS1, GAS5, BANCR, 
GAS6-AS1, SCAL1 

Breast 
ZFAS1, LSINCT5, H19, LINC00617, RP11-
445H22.4 

Gastric 
LINC00982, PVT1, LSINCT-5,PTENP1, 
AA174084, CUDR 

Liver MVIH, HULC, SNHG3, ANRIL, PRAL 

Pancreas HULC, HOTAIR, H19 

Colorectal 
MALAT1, PCAT-1, PVT1, CCAT1-L, 
LOC554202 

Cervical HOTAIR, CCHE1, GAS5 

Prostate PCAT1, PCA3, PCAT5, PCAT-18, NEAT1 

Melanoma BANCR, CASC-15, SPRY4-IT1 

Figure 6: Time scale of discovery of long non-coding RNAs 

Table 1: Participation of lncRNAs in the pathogenesis of various types of cancer 
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Among the above mentioned lncRNAs, GAS5 and BANCR have been found to be 

involved in multiple cancer types. Few studies have been reported in lung cancer 

with IMR-90 as control and it needs more investigations to study the molecular 

mechanism, the pathways involved and their interactions with RNA binding 

proteins.  

Pickard et al. (2013) provided the first report on programmed cell death promoting 

lncRNAs GAS5 in prostate cells. They have found that abnormal levels of GAS5 

attenuates the apoptosis of cells and reduces the effect of chemotherapeutic 

agents.  

Shi et al. (2013) investigated the expression pattern of GAS5 by  qRT‐PCR in 72 

NSCLC specimen. They have shown that GAS5 expression was down-regulated 

in cancerous tissues compared to non-adjacent cancerous tissues and was highly 

related to the size of the tumor i.e. GAS5 expression is much more down-

regulated in large size tumor compared to the small size tumor. 

Renganathan et al. (2014) analyzed the role GAS5 in malignant pleural 

mesothelioma (MPM) and found to be downregulated in MPM cell lines. They have 

suggested that in in vitro MPM model GAS5 expression is upregulated by 

inhibition of Hedgehog and PI3K/mTOR signaling.  

Tu et al. (2014) proved that low GAS5 expression in hepatocellular carcinoma 

associated with increased tumor size, lymph node metastasis and clinical stages. 

Their results indicated that GAS5 expression serves as an independent prognostic 

biomarker for hepatocellular carcinoma patients. 

Sun et al. (2014) analyzed the expression of BANCR in NSCLC tissues and cell 

lines using quantitative polymerase chain reaction and found that BANCR 

expression was significantly down-regulated in NSCLC tumor tissues compared 

with normal tissues. Their results showed that low BANCR expression was co-

related with advanced pathological stage, larger tumor size, metastasis distance, 

and shorter overall survival of NSCLC patients.   

Chen et al (2015) showed that up-regulated expression of BANCR is associated 

with radiation therapy for lung cancer. They used C57BL/6 mice and were 

inoculated with Lewis lung cancer cells and exposed to radiation therapy, then 
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they analyzed the BANCR expression using qPCR and found that  BANCR 

expression was significantly increased in C57BL/6 mice receiving radiation 

therapy compared with the  control group which suggests that low expression of 

BANCR associated with large tumor size in C57BL/6 mice inoculated with Lewis 

lung cancer cells. 

 
Liang et al. (2016) studied the GAS5 expression in the plasma sample of 90 

patients with NSCLC and 33 healthy controls. Their results showed that GAS5 was 

detectable and stable in the plasma of NSCLC patients and the plasma levels of 

GAS5 were significantly down-regulated in NSCLC patients compared with healthy 

controls. 

 Xue et al. (2017) showed that GAS5 directly targets miR-135b and negatively 

regulate its expression. They demonstrated that GAS5 was down-regulated and 

miR-135b was upregulated in NSCLC tissues and cells. Their experiments 

revealed that GAS5 overexpression and miR-135b down-regulation significantly 

suppressed tumorigenesis by repressing cell proliferation and invasion, and 

enhanced the radiosensitivity of NSCLC cells by reducing colony formation rates. 
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                               Culture of A549 and IMR-90 Cell lines 

 

 

                                            Total RNA isolation 

 

 

          cDNA Synthesis 

 

  

      Standardization of qRT- PCR protocol 

 

 

                                             qRT- PCR 

  

 

                                                Analysis of data 

 

                      

 

   

   

Figure 7: Experimental design for expression analysis 
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Serial No. Required Materials Source 

1 RPMI-1640 Gibco 

2 MEM Gibco 

3 FBS Gibco 

4 1X PBS Thermo  

5 Trypsin Gibco 

6 Micro centrifuge tubes 1.5 & 2 ml Tarsons 

7 TRIzol reagent Ambion 

8 Chloroform HPLC 

9 Isopropanol HPLC 

10 RNAase away Ambion 

11 Nuclease free water Invitrogen 

12 RT2 First Strand kit (50) Qiagen 

13 RT² lncRNA qPCR Assay for Human 

BANCR 

Qiagen 

14 RT² lncRNA qPCR Assay for Human 

GAS5 

Qiagen 

15 RT² lncRNA qPCR Assay for Human 

GAPDH 

Qiagen 

16 0.2 ml Flat PCR Tube 8-Cap Strips, 

optical, ultraclear 

Biorad 

17 iTaq Universal SYBR green supermix                      Biorad 

 

Table 2: List of materials used for experiment 
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3.1. Cell culture  

Cell culture is the technique of removal of cells from an organism and their 

subsequent growth in a favorable artificial environment. These cells may be 

removed from the tissue directly and separated by enzymatic or mechanical 

means before culture, or they may be derived from a cell line that has already 

been established.  

Protocol of A549 cell line culture 

1. Cell culture media is removed and discarded from the T-25 flask. 

2. Cells are washed using 2ml PBS and the T-25 flask is rocked several times 

back and forth. 

3. The wash solution is then removed and discarded from the T-25 flask.  

4. Then Trypsin (500µl) is added to dissociate the cells from the surface of the 

flask. Gently rock the flask to get all the cells. 

5.  Cells are incubated at 37˚C for approximately 5 minutes. 

6. The cells are then observed under the microscope for detachment. 

7. When more than 90% of the cells have detached then add 5ml of pre-

warmed complete growth medium (RPMI + 10% FBS+ 1% Penicillin 

streptomycin).   

8. The cells are then transferred to a new T-25 flask using serological pipettes 

for culture. 

Protocol of IMR-90 cell line culture 

1. Cell culture media is removed and discarded from the T-25 flask. 

2. Cells are washed using 2ml PBS and the T-25 flask is rocked several times 

back and forth. 

3. The wash solution is then removed and discarded from the T-25 flask.  

4. Then Trypsin (500µl) is added to dissociate the cells from the surface of the 

flask. Gently rock the flask to get all the cells. 

5.  Cells are incubated at 37˚C for approximately 5 minutes. 

6. The cells are then observed under the microscope for detachment. 
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7. When more than 90% of the cells have detached then add 5ml of pre-

warmed complete growth medium (MEM + 10% FBS+ 1% Penicillin 

streptomycin).   

8. The cells are then transferred to a new T-25 flask using serological pipettes 

for culture. 

3.2. RNA isolation 

RNA isolation and purification technique is important for the downstream 

applications, such as RT-PCR assays and other molecular biology detections. 

TRIzol Reagent is used for the isolation of total RNA from cells and tissues. 

Chomczynski and Sacchi developed an improved method  for the single-step RNA 

isolation which involves a mono-phasic solution of phenol and guanidine 

isothiocyanate. During sample homogenization, TRIzol Reagent maintains the 

integrity of the RNA as well as disrupting cells and dissolving cell components. 

The solution separates out into an aqueous phase and an organic phase after the 

addition of chloroform followed by centrifugation. RNA is recovered from the 

aqueous phase by precipitation with isopropyl alcohol. 

Protocol 

1. Collect 2ml cells in a Microcentrifuge tube. 

2. Centrifuge at 500g at 4˚c for 5 minutes. 

3. Wash pellet with 2ml PBS. 

4. Centrifuge at 500g at 4˚c for 5 minutes. 

5. Remove the supernatant. 

6. Add 250µl PBS. 

7. Add 750µl of TRIzol LS reagent in a sample (250µl). 

8. Add 200µl chloroform (per 750µl of TRIzol reagent). 

9. Shake vigorously or vortex for 15 seconds. 

10. Incubate for 2-15minutes at room temperature. 

11. Centrifuge the sample at 12,000g for 15 minutes at 4˚C. 

12. The aqueous phase of the sample is then transferred into a new RNAse 

free tube by tilting the tube at 45˚. 

13. Add 500µl of 100% Isopropanol to the aqueous solution (per 750µl TRIzol 

reagent). 
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14. Incubate at RT for 10 minutes. 

15. Centrifuge at 12,000g for 10 minutes at 4˚C. 

16. Remove all supernatant, leaving only the RNA pellet. 

17. Wash RNA pellet with 1 ml of 75% ethanol (per 750µl TRIzol reagent) and 

vortex to mix. 

18. Centrifuge at 7,500g for 5 minutes at 4˚c and remove the supernatant. 

19. Air/vacuum dry the RNA pellet for 5-10 minutes. 

20. Resuspend the RNA pellet in RNAase free water (20-50µl) and mix it with 

pipetting up and down.  

21. Incubate in water bath / heat shock at 55-60˚c for 10-15 minutes. 

3.3. Nanodrop reading using nanodrop 2000cc (Thermo Scientific) 

To determine the amount of each sample to be used in downstream applications, 

such as cDNA synthesis, RT-PCR, etc, it is very important to measure the amount 

and purity of RNA. The spectrophotometer is based on the principle of the Beer-

Lambert law. The Beer‐Lambert law draws a direct correlation between 

absorbance and concentration. However, nucleic acids absorb at many 

wavelengths, they have a peak absorbance of UV light at 260nm. Thus, the 

amount of light absorbed in this region can be used to determine the concentration 

of RNA or DNA in solution by applying the Beer‐Lambert law. However, the Beer‐

Lambert equation is only linear for absorbance between 0.1 and 1.0. RNA has its 

absorption maximum at 260 nm and the ratio of the absorbance at 260 and 280nm 

is used to assess the RNA purity of an RNA preparation. Pure RNA has an 

A260/A280 of 1.8-2.0. 

Protocol 

1. Bring RNA samples as well as the NFW water used to elute them on ice to 

the spectrophotometer. 

2. Wash the sample reader with nuclease free  water and dry with a 

KimWipes. 

3. Following the software’s instructions, load 1 µL of nuclease free water 

(blank) and initialize the system. 

4.  Change the computer’s setting to RNA and click the blank button. 

5.  Load 1 µL of sample and click the measure button. 
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6. After the read is complete, record the A260/A280 and A260/A230 ratios as 

well as the concentration of RNA recovered (in ng/µL). 

 3.4. cDNA synthesis 

cDNA synthesis is useful for downstream applications such as, expression 

analysis of the candidate genes. 

Protocol 

1. Thaw the reagents of RT2 First Strand Kit. Briefly centrifuge (10-15s) to 

bring the contents to the bottom of the tubes. 

2. Prepare the genomic elimination mix for each RNA sample. Mix gently by 

pipetting up and down and then centrifuge briefly. 

 

Components Recommended amount Amount taken 

RNA 25 ng-5 µg 41.4 ng (2 µl) 

Buffer GE 2 µl 2 µl 

Nuclease Free Water 

(NFW) 

Variable 6 µl 

Total  10 µl 10 µl 

 

  

 

3. Incubate the Genomic DNA elimination mix for 5 minutes at 42˚C, then 

place immediately on ice for atleast 1 minute. 

Components Recommended amount Amount taken 

RNA 25 ng-5 µg 42 ng (5 µl) 

Buffer GE 2 µl 2 µl 

Nuclease Free Water 

(NFW) 

Variable 3 µl 

Total  10 µl 10 µl 

Table 3: Genomic DNA elimination mix for RNA isolated from A549 cell line 

Table 4: Genomic DNA elimination mix for RNA isolated from IMR-90 cell line           
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4. Prepare the Reverse Transcriptase mix for RNA isolated from both A549 

and IMR-90 cell lines. 

                  

       Components Volume for 2 reactions 

5X Buffer BC3 8 µl 

Control P2 2 µl 

RE3 Reverse Transcriptase mix 4 µl 

Nuclease Free Water 6 µl 

Total volume 20 µl 

 

5. Add 10 µl RT mix to each tube containing 10 µl genomic DNA elimination 

mix. Mix gently by pipetting up and down. 

6. Incubate at 37˚C for exactly 60 minutes, then immediately stop the reaction 

by incubating at 95˚C for 5 minutes. 

7. Add 91 µl NFW to each reaction. Mix by pipetting up and down several 

times. 

8. Place the reaction on ice and proceed for Real time PCR. 

3.5. Standardization of qRT-PCR protocol 

 Standardization of Real-Time PCR protocol is one of the important steps 

while analyzing the gene expression of Long non-coding RNA. The temperature 

increment step of melt curve stage and the ramp rate percentage were not 

available in the literature for ABI Biosystem StepOne Plus. Melt curve data is 

important because the sharp peak depicts the specific binding of the primer to 

target and the product is amplified. Ramp rate is the maximum rate at which its 

heating block can change the temperature. It also determines the time to complete 

a specified number of Real-Time PCR cycles. 

 Whenever we follow up our Real-Time experiment, we got Ct value less 

than 37 as well as a sharp peak in all the Negative Template Control (NTC). In 40 

cycles qRT-PCR protocol, if Ct value is less than 37 in NTC then there is a chance 

of genomic DNA contamination and if it is greater than 37 or undetermined, then 

Table 5: Reverse Transcription reaction 
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we ignore the contamination because our unknown sample already achieved Ct 

value between 22-35. To troubleshoot this issue we checked our primers, 

Nuclease free water, SYBR Green by multiple Real-Time experiment because 

they are the main source of cross contamination. Later, we freshly aliquoted the 

primers, SYBR Green and Nuclease free water. After contamination check and 

proper handling of the pipettes, the betterment in our results observed. 

3.6. Quantitative Real Time PCR 

qRT – PCR technique is used when the starting material is RNA. In this technique, 

total RNA is first isolated and transcribed into cDNA using reverse transcriptase. 

The synthesized cDNA is used as the template for the reaction. This technique 

can be used in a variety of applications such as gene expression analysis, 

pathogen detection, genetic testing, and disease research. This technique can be 

performed either in one-step or two-step assays. One-step assay involves 

combining both reverse transcription and PCR in a single tube and buffer, while 

two-step assay involves reverse transcription and PCR in a separate tube and 

buffer. 

Protocol 

1. Briefly centrifuge the RT2 SYBR Green Mastermix (10-15s) to bring the 

contents to the bottom of the tube. 

2. Prepare the PCR components in a nuclease free tube. 

                        

Components Recommended Volume 

for 1 reaction 

Volume for 8 

reactions 

Nuclease-Fee Water 10.5 µl 84 µl 

RT2 SYBR Green Mastermix 12.5 µl 100 µl 

cDNA 1 µl 8 µl 

RT2 lncRNA qPCR Assay (10 µM) 1 µl 8 µl 

Total volume 25 µl 200 µl 

 

 

Table 6: Reaction mixture for Real Time PCR 
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      NTC 

  GAPDH 

NTC 

GAPDH 

Control 

cDNA 

Control 

cDNA 

Control 

cDNA 

Sample 

cDNA 

Sample 

cDNA 

Sample 

cDNA 

      NTC 

    GAS5 

NTC 

GAS5 

Control 

cDNA 

Control 

cDNA 

Control 

cDNA 

Sample 

cDNA 

Sample 

cDNA 

Sample 

cDNA 

      NTC 

  BANCR 

NTC 

BANCR 

Control 

cDNA 

Control 

cDNA 

Control 

cDNA 

Sample 

cDNA 

Sample 

cDNA 

Sample 

cDNA 

 

 

3. Briefly centrifuge the PCR components mix and place the tubes into the 

real-time cycler. 

4. Program the real-time cycler. 

 

 

 

          

         

 

Gene 

 

Forward Sequence 

 

Reverse Sequence 

GAPDH 5'-GTCAACGGATTTGGTCTGTATT-3′ 5′-AGTCTTCTGGGTGGCAGTGAT-3′ 

GAS5 5′-CTTGCCTGGACCAGCTTAAT-3′ 5′-CAAGCCGACTCTCCATACCT-3′ 

BANCR 5’-ACAGGACTCCATGGCAAACG-3’ 5’-ATGAAGAAAGCCTGGTGCAGT-3’ 

   

The reference gene GAPDH is used to normalize the Ct value of the target. The 

reaction was performed in duplicates in ABI Biosystem StepOne Plus  Real-Time 

Table 8: Standardized Cycling conditions for Long non-coding RNA 

Table 9: Primer Sequence 

Table 7: Template designed for reaction 
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PCR instrument. The relative change in  expression of the target in the cancerous 

cell compared to the target in the normal cell is calculated using the 2-ΔCt . 

 

3.7. Statistical analysis 

Statistical anlysis was performed using statistical program GraphPad Prism 7 

software. The levels of 2-ΔCt  between cancerous and non-cancerous cell line were 

analysed by the student t-test. The level of significance was set at P<0.05. 
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RESULTS 
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4.1. Maintenance of cell lines  

A549 cell lines required 3-4 days to be confluent and 2-3 days to change the 

media (Complete  RPMI). IMR-90 cell line image was not taken as because the 

IMR-90 requires a longer period of time to grow and the cell number was very less 

during the experiment.  

    

                 

                         

 

4.2.  Nanodrop reading 

         

 

Cell lines Concentration of RNA(ng/µl) Concentration of Diluted RNA( 

A549 240.5 20.7 ng/µl 

IMR-90 8.4 No need to dilute 

 

 

 

 

 

 

     Confluent cells                                         After trypsinization 

Figure 8: A549 cell lines 

Table 10: Concentration of isolated Total RNA 
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Calculation of Dilution of RNA (A549) : 

                                 Amount of RNA taken * Concentration of RNA (ng/µl)  

                    Total volume to be prepared 
 

      =            2µl RNA * 240.5 ng/µl  

                     20µl 

       =     24.05 ng/µl 

After 10 times dilution, the expected concentration was 24.05 ng/µl and the actual 

concentration come out as 20.7 ng/µl which is near to an expected outcome.  

4.3. Change in gene expression of GAS5 and BANCR in cancerous and 

non-cancerous cell line 

 

4.4. Down-regulation of GAS5 was detected in NSCLC cell line (A549) 

We measured the expression level of GAS5 in NSCLC cell line using quantitative 

Real-Time PCR (qRT- PCR) . In qRT- PCR measurements, the Ct value of all the 

samples were obtained, which is defined as the fractional cycle number at which 

the fluorescence passed the fixed threshold. If the Ct value is higher in A549 than 

IMR-90 suggests that the initial template is lower in A549 than IMR-90. The ΔCt 

values were normalized by GAPDH. The mean of  2-ΔCt  is plotted in the graph 
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showing the relative  expression level of GAS5 in A549 compared to IMR-90 cell 

line (Figure 8). The expression level of lncRNA GAS5 is down-regulated in A549 

(P=0.008) suggesting that GAS5 may function as a tumor suppressor in normal 

lung cell. lncRNA GAS5 is 14 fold down-regulated in A549 cell line compared to 

IMR-90 cell line. The unpaired Student t-test was applied to test the significant 

difference between the expression level of cancerous and the non-cancerous cell 

lines. 

 

The dissociation curve or melt curve analysis showed that there was only one 

peak at the highest Tm in each dissociation curve (Figure 9) which indicates that 

there were no primer-dimer or non-specific amplifications. 
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4.5.  Down-regulation of BANCR was detected in NSCLC cell line (A549) 

The ΔCt values were normalized by GAPDH. The mean of  2-ΔCt  is plotted in the 

graph showing the relative expression level of BANCR in A549 compared to IMR-90 

cell line (Figure 10). The expression level of lncRNA BANCR is down-regulated in 

A549 (P=0.008) suggesting that BANCR may function as a tumor suppressor in 

normal cell. lncRNA BANCR is 7 fold down-regulated in A549 cell line compared to 

IMR-90 cell line. The unpaired Student t-test was applied to test the significant 

difference between the expression level of cancerous and the non-cancerous cell 

lines. 

Figure 11: Melt curve of GAS5 showing specific binding of primer to the target 
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The melt curve analysis of BANCR shows a single peak at the highest melting 

temperature in each melt curve (Figure 11) which indicates that there were no 

primer-dimer or non-specific amplifications. 

 

                                             

             

 

 

 

 

Figure 13: Melt curve of BANCR showing specific binding of primer to the target 



 30 | P a g e  
  

DISCUSSION 
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Till now, multiple lncRNAs have been discovered and are found to be associated 

with cancer development and progression. In the present study, we focussed on 

GAS5 and BANCR expression in NSCLC cell lines A549 compared to normal 

human lung cell line IMR-90 because the published literature revealed that the  

GAS5 and BANCR play an important role in different types of cancers. So, we 

were interested to study the expression levels of GAS5 and BANCR in NSCLC 

because according to GLOBOCAN 2012 report, among the different types of 

cancers, lung cancer is the major cause of death worldwide. Moreover, to analyze 

the expression levels in cancerous and non-cancerous cell line, we used 

quantitative real time PCR (qRT- PCR). We standardized the Real-Time cycle, 

ramp rate for long non-coding RNA and troubleshoot the contamination. The 

media of A549 and IMR-90 cell lines was changed in every two days to maintain 

the good health of the cells. But the growth of IMR-90 was not healthy so we had 

to conduct experiments with a very few number of cells. The total RNA was 

isolated from both cancerous and non-cancerous cell lines using Trizol method 

and the concentration was analyzed using nanodrop. Later, cDNA was 

synthesized using RT2 First Strand Kit. The qRT –PCR eperiment was done in 

triplicates. The heat map (Figure  9) shows the expression levels of GAS5 and 

BANCR in cancerous and non-cancerous cell line. The expression levels shown to 

be decreased in cancerous cell line. GAS5 expression was 14-fold down-regulated 

(P=.0.0088) (Figure 10) in A549 cell line. BANCR expression was 7-fold down-

regulated (P=0.0088) (Figure 12) in A549 cell line. The decreased expression 

levels suggests that they may function as a tumor suppressor in normal condition. 

The expression levels suggests that the overall survival and prognosis rate of a 

patient is relatively less. It has been studied that the survival rate of the patients 

with ≥4 fold change of BANCR is 16 months and the patients with ≤ 4 fold change 

of BANCR is 31 months (W. Li et al., 2017). Both GAS5 and BANCR may partially 

be treated as potential biomarkers of NSCLC in the early diagnosis and prognosis 

of lung cancer. Further studies are required to investigate the mechanism of 

progression of cancer through lncRNA GAS5 and BANCR and their interactions 

with protein coding genes.  
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CONCLUSION AND 

FUTURE ASPECTS 
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The field of long non-coding RNA is emerging due to the advancement of 

techniques and many lncRNAs have been discovered and play an important role 

in the pathogenesis of cancer. Presently, Scientists are more focussed on long 

non-coding RNA as because lncRNAs are found to play an important role in the 

various fundamental biological processes such as transcription, translation, 

splicing, epigenetic gene silencing  cell cycle, etc. Any aberrations in the lncRNAs 

may lead to uncontrolled proliferation of cells.  Therefore, we were focused to 

analyze the expression levels of GAS5 and BANCR in lung cancer cell line. Our 

result suggests that both GAS5 and BANCR may act as a tumor suppressor in 

NSCLC.  

The future aspects of our study are- 

1. To study the exact mechanism of down-regulation of GAS5 and BANCR. 

2. Role of GAS5 and BANCR in the pathogenesis of lung cancer.  

3. To study the signaling pathway and molecular mechanism of GAS5 and 

BANCR. 
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