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ABSTRACT 

 

Lung cancer is one of the most occurring cancers around the world with increasing 

mortality rate and Bangladesh has a very high rate of lung cancer patient. Detection of 

lung cancer is not very easy process and quite undetectable until it reaches to the 

metastatic stage. Protein biomarkers are already being studied to diagnose disease type 

and stage along with the proper treatment planning for several types of cancer including 

breast, pancreatic and colon cancer. In this study, 14 proteins (MDK, MMP2, TFPI, 

TIMP-1, OPN, BIRC6, CEA, CDK4, HSPA5, HSP90α, EFGR, and ACTN4) were 

chosen that are expressed in lung cancer patient and analyzed using different 

bioinformatics tools (MEME, SWISS MODEL WORKPLACE). Since sequence motif 

can be used as a tool for predicting protein function for each of the protein, after 

assessing the homology modeling and sequence motifs of the 14 proteins, 3(OPN, EGFR, 

TIMP1)  of them were identified for further analysis. The expression level of these lung 

cancer proteins were checked for better understanding. Additional wet-lab based study of 

such protein biomarkers maybe used as a panel for further researches that are designed to 

find out the regulatory properties, rationality and therapeutic agents, for diagnosis of the 

disease and the best suited treatment system for a lung cancer patient in future. 
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Humanity and disease share a long and eventful history. As we emerged and evolved, so 

did the diseases that blight our lives. In the new millennium it is becoming increasingly 

clear that the biomedical sciences are entering the most exciting phase of their 

development. Paradoxically, medical practice is also passing through a phase of 

increasing uncertainty. However, it is difficult to anticipate when the gains of this 

explosion in scientific knowledge will become available for the prevention and treatment 

of the major killers of mankind. In this era, the new diseases are more like challenges for 

since to solve. Science is winning the challenges against the lethal diseases but 

meanwhile,  a large number of people are being prey as to find a cure for any disease it 

takes years of studies. 

Cancer is of such diseases that is washing people‘s life away globally. Cancer is not just 

one disease but many diseases. Cancer has classification among it, almost 100 types of 

them are there - some kills people right away and some of them make people suffer till 

they count their last of breaths. ( NCI, 2016). Cancer is a condition where cells in a 

specific part of the body grow and reproduce uncontrollably. The cancerous cells can 

invade and destroy surrounding healthy tissue, including organs. According to the World 

Health Organization (WHO), 7.6 million deaths globally each year are caused by cancer; 

cancer represents 13% of all global deaths. lung cancer is by far the number one cancer 

killer. 

New scientific researches are being designed to save mankind from the deadly trap of 

cancers. All different the sections of science working together to find ways to fight back 

cancers from wiping away a large number of life from earth every year. Computational 

biology or in other name, bioinformatics is one very popular sector that is helping these 

days medical research like no other sections can ever do. (Bolstad, 2003). 

 

This thesis project is inspired from the concept of bioinformatics helping medical science 

to fight and win the battle against lung cancer. The basic concern is to know about lung 

cancer and its biomarker- protein, then finding their structures, motifs and expression 

level that might help demolish lung cancer in an easier way. 

 

1.1Lung cancer 

Lung cancer is a form of cancer an out-of-control growth of abnormal cells that starts in 

the tissues of the lungs or the cells that line the bronchi (tubes that move air into and out 

of the lungs).  
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There are 2 main types of lung cancer: 

 Non-small cell lung cancer (NSCLC) is the most common type of lung cancer. 

About 80-85 percent of people with lung cancer have non-small cell lung cancer, 

or NSCLC. This type of cancer tends to spread less quickly. 

 Small cell lung cancer (SCLC) makes up about 15-20 percent of all lung cancer 

cases. SCLC is an aggressive form of lung cancer that typically starts in the 

bronchi and spreads very quickly to other parts of the body. It‘s rare for someone 

who has never smoked to get SCLC. 

If the lung cancer is made up of both types, it is called mixed small cell/large cell cancer. 

If the cancer started somewhere else in the body and spreads to the lungs, it is 

called metastatic cancer to the lung. 

Lung cancer is most often diagnosed in people ages 65 to 74. About two out of three 

people diagnosed with lung cancer are 65 or older. About 13 percent of all new cancer 

cases — and 27 percent of all cancer deaths — are caused by lung cancer. Roughly 

221,200 people diagnosed with lung cancer in 2015, and 158,040 people died of the 

disease. 

 

 

Figure 1.1: Lung Cancer anatomy 

 

https://www.nlm.nih.gov/medlineplus/ency/article/007194.htm
https://www.nlm.nih.gov/medlineplus/ency/article/000122.htm
https://www.nlm.nih.gov/medlineplus/ency/article/000097.htm
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1.1.1 Symptoms 

Early lung cancer may not cause any symptoms. 

 Chest pain 

 Cough that does not go away 

 Coughing up blood 

 Fatigue 

 Losing weight without trying 

 Loss of appetite 

 Shortness of breath 

 Wheezing 

 Bone pain or tenderness 

 Eyelid drooping 

 Facial paralysis 

 Hoarseness or changing voice 

 Joint pain 

 Nail problems 

 Shoulder pain 

 Swallowing difficulty 

 Swelling of the face or arms 

 Weakness 

 Blood clots 

 Bleeding 

1.1.2 Risk Factors 

 Smoking tobacco 

 Second-hand smoke 

 Radon 

 Asbestos 

 Outdoor air pollution 

 Occupational exposure to chemical carcinogens 

 Personal or family history of lung cancer 

 Arsenic 

 Previous lung disease 

 Exposure to radiation 

 Indoor burning of coal 

 Weakened immune system 

http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Smoking
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Secondhand_smoke
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Radon
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Asbestos
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Outdoor_air_pollution
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Occupational_exposure
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#History_of_lung_cancer
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Arsenic
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Previous_lung_disease
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Radiation_therapy
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Indoor_burning_of_coal
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Weakened_immune_system
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 Smoking marijuana 

 Indoor burning of wood 

 High-temperature frying 

 Diet 

 Physical inactivity 

 Occupational exposure to certain chemicals 

 Removal of both ovaries 

 Family history of lung cancer. 

 

 

Table 1.1: Risk factors of lung cancer(Roushney,2014) 

 

             Table 1.2: Assessment of Score Based Risk Factors of Lung Cancer for 

Bangladeshi People(Roushney,2014)  

http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Possible_risk_factors
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Possible_risk_factors
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Possible_risk_factors
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Possible_risk_factors
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Possible_risk_factors
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Possible_risk_factors
http://www.cancer.ca/en/cancer-information/cancer-type/lung/risks/?region=on#Possible_risk_factors
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1.1.3 Classifications of lung cancer 

In 2004, the World Health Organization (WHO) and the International Agency for 

Research on Cancer (IARC) published a revised classification of lung cancer. 

This classification incorporated a number of developments, including recognition of lung 

cancer heterogeneity, the introduction of diagnostic immunohistochemistry(IHC), and the 

recognition of newly described entities such as fetal adenocarcinoma, cystic mucinous 

tumors, and large cell neuroendocrine carcinoma. 

 
Figure 1.2: Primary type of lung cancer 

The 2004 WHO Classification of Invasive Lung Cancer: 

 

 Squamous cell carcinoma 

                   Variants: papillary, clear cell, small cell, basaloid 

 Adenocarcinoma : Adenocarcinoma, mixed subtype 

 Acinar adenocarcinoma 

 Papillary adenocarcinoma 

 Bronchioloalveolar carcinoma 

 Large cell carcinoma 

Variants: large cell neuroendocrine carcinoma, combined large cell 

neuroendocrine carcinoma, basaloid carcinoma, lymphoepithelioma-like 

carcinoma, clear cell carcinoma 

 Adenosquamous carcinoma 

Variants: pleomorphic carcinoma, spindle cell carcinoma, giant cell carcinoma, 

carcinosarcoma. 

 Carcinoid tumor 

Variants: typical carcinoid, atypical carcinoid 

http://www.who.int/en/
http://www.iarc.fr/
http://www.iarc.fr/
http://www.iarc.fr/
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 Salivary gland tumors 

Variants: mucoepidermoid carcinoma, adenoid cystic carcinoma, epithelial-

myoepithelial carcinoma. 

In 2011, the International Association for the Study of Lung Cancer (IASLC), 

the American Thoracic Society (ATS) and the European Respiratory Society (ERS) 

made revisions to the pathologic (diagnostic) classification of lung cancer. Most 

importantly, revisions have been made to the classification of adenocarcinoma of the 

lung. 

 Non-Small-Cell Lung Cancer (NSCLC) 

 Adenocarcinoma 

 Squamous (Cell) Carcinoma 

 Small Cell / ‗Oat‘ Cell / Neuroendocrine Carcinoma 

 

1.1.4 Lung cancer and the world 

 

Lung cancer has been the most common cancer in the world for several decades. There 

are estimated to be 1.8 million new cases in 2012 (12.9% of the total), 58% of which 

occurred in the less developed regions. The disease remains as the most common cancer 

in men worldwide (1.2 million, 16.7% of the total) with the highest estimated age-

standardized incidence rates in Central and Eastern Europe (53.5 per 100,000) and 

Eastern Asia (50.4 per 100,000). Notably low incidence rates are observed in Middle and 

Western Africa (2.0 and 1.7 per 100,000 respectively). In women, the incidence rates are 

generally lower and the geographical pattern is a little different, mainly reflecting 

different historical exposure to tobacco smoking. Thus the highest estimated rates are in 

Northern America (33.8) and Northern Europe (23.7) with a relatively high rate in 

Eastern Asia (19.2) and the lowest rates again in Western and Middle Africa (1.1 and 0.8 

respectively).  

Lung cancer is the most common cause of death from cancer worldwide, estimated to be 

responsible for nearly one in five (1.59 million deaths, 19.4% of the total). Because of its 

high fatality (the overall ratio of mortality to incidence is 0.87) and the relative lack of 

variability in survival in different world regions, the geographical patterns in mortality 

closely follow those in incidence. 

There were an estimated 14.1 million cancer cases around the world in 2012, of these 7.4 

million cases were in men and 6.7 million in women. This number is expected to increase 

to 24 million by 2035. 

https://www.iaslc.org/
http://www.thoracic.org/
http://www.ersnet.org/
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This growing cancer burden, within the overall context of non-communicable diseases 

(NCDs), was a key focus of the September 2011 UN High Level Meeting on NCDs. 

SEER data for 2014 estimates that new lung cancer cases in the U.S. were 

 224,210 with lung cancer representing 13.5 % of all new cancer cases and 27.2 % of all 

cancer deaths. 

 

Table 1.3:  Estimated Incidence, Mortality & Prevalence for lung cancer 

worldwide(2012) 

http://seer.cancer.gov/statfacts/html/lungb.html
http://www.cancerresearchuk.org/about-cancer/type/lung-cancer/
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Figure 1.3: Gender based incidence & mortality rate comparison of lung cancer 

worldwide(2012) 

1.1.5 Lung cancer in Bangladesh 

Lung cancer has been the most common cancer in the world since 1985 and the leading 

cause of cancer death(parveen,2011). Worldwide it is by far the most common cancer of 

men and increasingly being recognized in Bangladesh. In Bangladesh Cancer Registry 

Report (2005-2007)5, most frequent cancer was lung cancer followed by carcinoma 

cervix and breast. The lung cancer is number one cancer problem comprising of 16.7% of 

all cancers of Bangladeshi people(syed,2013). Bangladeshi men had the highest age- and 

socioeconomic deprivation-standardized incidence rates of lung cancer compared with 

other ethnic groups.  In male, lung cancer was found to be the most common cancer 

(15.75%) (Ragia,2015). WHO study (2013) estimates that there are 196 000 lung cancer 

cases in Bangladesh among those aged 30 years. Sex-specific top ten malignancies for 

three years are given in which males lung cancer topped the list (25.5%) that far exceeds 

the proportion of others. In NICRH which is the first national cancer registry Bangladesh, 

about 60% of the male lung cancer patients were smokers whereas 5% female lung 

cancer patients were smokers. 
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1.1.6 Present Screening system of Lung Cancer 

Screening is looking for cancer before a person has any symptoms. This can help find 

cancer at an early stage. When abnormal tissue or cancer is found early, it may be easier 

to treat. By the time symptoms appear, cancer may have begun to spread. 

Some screening tests are used because they have been shown to be helpful both in 

finding cancer early and decreasing the chance of dying from these cancers. Other tests 

are used because they have been shown to find cancer in some people; however, it has 

not been proven in clinical trials that use of these tests will decrease the risk of dying 

from cancer. 

Three screening tests have been studied to see if they decrease the risk of dying from lung 

cancer. 

The following tests are assigned for lung cancer screening  

 Low dose spiral CT scan(LDCT scan): A procedure that uses low-

dose radiation to make a series of very detailed pictures of areas inside the body. 

It uses an x-ray machine that scans the body in a spiral path. The pictures are 

made by a computer linked to the x-ray machine. This procedure is also called a 

low-dose helical CT scan. 

 Chest X-ray: An x-ray of the organs and bones inside the chest. An x-ray is a 

type of energy beam that can go through the body and onto film, making a 

picture of areas inside the body. 

 Sputum cytology: Sputum cytology is a procedure in which a sample 

of sputum (mucus that is coughed up from the lungs) is viewed under 

a microscope to check for cancer cells. 

If a screening test result is abnormal then more tests are done to find out if a patient 

actually has cancer. These are called diagnostic test 

 

1.1.7 Present Diagnosis System 

The early detection of cancer, as for other diseases, is one of the most important and 

challenging endeavors in clinical medicine.(yuji, 2015) If symptoms suggest lung cancer 

then more tests including blood work and x-rays or scans will then be ordered. If the 

chest x-ray or computed tomography (CT) scan shows an abnormal growth that could be 

a tumor, additional testing is performed to make a diagnosis. Usually, a small piece will 
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need to be removed from the chest and examined with a microscope. This procedure is 

called a biopsy. Importantly, the decision to perform a biopsy does not mean that cancer 

is present. Biopsies are routinely performed to check for both cancer as well as many 

other diseases. 

A biopsy can be done in one of several ways: 

 Bronchoscopy is a procedure where a flexible tube with a camera and other small 

instruments is inserted through  mouth or nose and then into the windpipe.  

 Endobronchial ultrasound bronchoscopy or EBUS is a technique that combines 

flexible bronchoscopy with ultrasound to first see lymph nodes in the chest and then 

to take biopsies from enlarged lymph nodes. 

 CT-guided fine needle biopsy is performed by locating the tumor with a CT scan and 

inserting a thin needle through the skin to remove a tiny sample of tissue. 

 Needle aspiration is performed by inserting a needle into lumps or lymph nodes that 

can be felt under the skin or seen with an ultrasound. 

 Thoracentesis is insertion of a needle and small catheter into fluid collections in the 

chest to remove the fluid and look at it with a microscope. 

 Surgery may be needed to remove the tumor entirely if it is small or if other biopsy 

procedures have not made a definitive diagnosis. The most common surgical 

procedures are mediastinoscopy, which is used to biopsy lymph nodes in the center of 

the chest; video-assisted thoracoscopic surgery (VATS), which is a less invasive way 

to biopsy lung tissue; and thoracotomy, which is a larger surgery to remove larger 

portions of lung tissue or tumors. 

CADe(Computer-aided detection) and CADx systems for the detection and diagnosis of 

lung cancer have been important areas of research in recent decades. However, these 

areas are being worked on separately. CADe systems do not present the radiological 

characteristics of tumors, and CADx systems do not detect nodules and do not have good 

levels of automation. As a result, these systems are not yet widely used in clinical 

settings (Macedo,2015). 

1.1.8 Present Treatment System 

The treatment options for non-small cell lung cancer (NSCLC) are based mainly on 

the stage (extent) of the cancer, but other factors, such as a person‘s overall health and 

lung function, as well as certain traits of the cancer itself, are also important. 

Depending on the stage of the cancer and other factors, treatment options for people with 

NSCLC can include: 

 Surgery 

http://www.cancer.org/ssLINK/non-small-cell-lung-cancer-treating-surgery
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 Radiofrequency ablation (RFA) 

 Radiation therapy 

 Chemotherapy 

 Targeted therapies 

 Immunotherapy 

         Palliative treatments can also be used to help with symptoms. In many cases, more 

than one of type of treatment is used. 

 

 Treating stage 0 NSCLC 

Stage 0 NSCLC is limited to the lining layer of airways and has not invaded deeper into 

the lung tissue or other areas, it is usually curable by surgery alone. No chemotherapy or 

radiation therapy is needed. 

 Treating stage I NSCLC 

For stage I NSCLC, surgery may be the only treatment needed. This may be done either 

by taking out the lobe of the lung containing the tumor (lobectomy) or by taking out a 

smaller piece of the lung (sleeve resection, segmentectomy, or wedge resection). At least 

some lymph nodes within the lung and in the space between the lungs will also be 

removed and checked for cancer cells.  

 

 Treating stage II NSCLC 

People who have stage II NSCLC and are healthy enough for surgery usually have the 

cancer removed by lobotomy or sleeve resection. Sometimes removing the whole lung 

(pneumonectomy) is needed. Any lymph nodes likely to have cancer in them are also 

removed. The extent of lymph node involvement and whether or not cancer cells are 

found at the edges of the removed tissues are important factors when planning the next 

step of treatment. 

In some cases, chemotherapy (often along with radiation) may be recommend before 

surgery to try to shrink the tumor to make the operation easier. 

 

 

 Treating stage IIIA NSCLC 

Treatment for stage IIIA NSCLC may include some combination of radiation therapy,  

chemotherapy (chemo), and/or surgery. For this reason, planning treatment for stage IIIA 

NSCLC often requires input from a medical oncologist, radiation oncologist, and a 

thoracic surgeon. Treatment options depend on the size of the tumor, where it is in lung, 

which lymph nodes it has spread to, overall health and treatment impact. 

 

 Treating stage IIIB NSCLC 

Stage IIIB NSCLC has spread to lymph nodes that are near the other lung or in the neck, 

and may also have grown into important structures in the chest. These cancers can‘t be 

http://www.cancer.org/ssLINK/non-small-cell-lung-cancer-treating-radiofrequency-ablation
http://www.cancer.org/ssLINK/non-small-cell-lung-cancer-treating-radiation-therapy
http://www.cancer.org/ssLINK/non-small-cell-lung-cancer-treating-chemotherapy
http://www.cancer.org/ssLINK/non-small-cell-lung-cancer-treating-targeted-therapies
http://www.cancer.org/ssLINK/non-small-cell-lung-cancer-treating-immunotherapy
http://www.cancer.org/ssLINK/non-small-cell-lung-cancer-treating-palliative
http://www.cancer.org/ssLINK/non-small-cell-lung-cancer-treating-radiation-therapy
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removed completely by surgery. As with other stages of lung cancer, treatment depends 

on the patient‘s overall health. In case of fairly good health chemotherapy (chemo) is 

combined with radiation therapy. Some people can even be cured with this treatment. 

Patients who are not healthy enough for this combination are often treated with radiation 

therapy alone, or, less often, chemo alone. These cancers can be hard to treat, so taking 

part in a clinical trial of newer treatments may be a good option. 

 

 Treating stage IV NSCLC 

Stage IV NSCLC is widespread when it is diagnosed. Because these cancers have spread 

to distant sites, they are very hard to cure. Treatment options depend on where the cancer 

has spread, the number of tumors, and overall health. For healthy patient treatments such 

as surgery, chemotherapy (chemo), therapy, immunotherapy, and  radiation therapy may 

help  live longer and feel better by relieving symptoms, even though these treatments 

aren‘t likely to completely cure patients. 

 

1.2 The Challenge 

In the last 15 years, the use of Stereotactic Ablative Radiation Therapy (SABRT) in the 

management of small peripheral lung tumors has developed considerably, so that it 

currently represents a standard of care for inoperable stage I non-small cell lung cancer 

(NSCLC), offering a survival advantage over traditional radiotherapy(Almudena,2014).  

Diagnostics have considerably evolved in the last 20 years and positron emission 

tomography (PET) scan, endobronchial ultrasound (EBUS), and transesophageal 

ultrasound (EUS) are now part of an accurate preoperative assessment of potentially 

operable patients in most referral centers. An explosion of new targets have been 

observed in the last decade, several of which having already led to the development of 

new targeted agents (EGFR, ELM4–ALK in particular). The pace and sophistication with 

which new oncological drivers of lung cancer are currently identified, particularly for 

adenocarcinoma and the speed with which corresponding investigational treatments are 

subsequently developed, are steadily outgrowing the inflexible machinery of traditional 

clinical trials. 

The greatest challenge of the coming years will be to use and combine all these new 

techniques and therapeutic modalities, mostly focused on the tumor at the moment, in 

each individual patient. This will require an enormous effort of multidisciplinary 

approach for each patient, taking into account a lot of clinical and biological parameters 

in addition to more and more genetic characteristics which are presently ignored in 

almost all cases (Thierry, 2011). 

http://www.cancer.org/ssLINK/non-small-cell-lung-cancer-treating-surgery
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1.3 Objective  

To find out an easier treatment and early detection of the disease has to be made sure. 

And for that the screening system must give proper result as it is about the disease certain 

stage in certain tissue. If detection is done early and in right time it would be easier to 

treat the disease as the effect of the disease would still be in starting stage giving 

opportunity to find a cure before harming much. 

Biomarkers would be ideal molecules to work with. Biomarkers are being used for both 

detection of the disease along with finding out its treatment. Biomarker testing is the first 

step in personalizing cancer treatment because it helps doctors know more about an 

individual person‘s tumor. The results of biomarker testing can help doctors predict the 

likelihood that cancer will return (recurrence) or the response to treatment. This means 

that better and more informed decisions about treatment options that are best for patient 

can be understood. 

Biomarkers have many potential applications in oncology, including risk assessment, 

screening, differential diagnosis, determination of prognosis, prediction of response to 

treatment, and monitoring of progression of disease. Because of the critical role that 

biomarkers play at all stages of disease, it is important that they undergo rigorous 

evaluation, including analytical validation, clinical validation, and assessment of clinical 

utility, prior to incorporation into routine clinical care.(N ,2012) 

Accurate information‘s are needed for every single biomarker molecules. This project is 

designed to learn more about the biomarkers for the benefit of further studies.  14 

proteins are selected based on their biomarker value for lung cancer. Hopefully learning 

details about the biomarkers will come out handy for detecting the disease and find out 

the treatment for lung cancer.  

1.4 Biomarker 

Biological markers (biomarkers) have been defined by Hulka and colleagues as ―cellular, 

biochemical or molecular alterations that are measurable in biological media such as 

human tissues, cells, or fluids.‖ More recently, the definition has been broadened to 

include biological characteristics that can be objectively measured and evaluated as an 

indicator of normal biological processes, pathogenic processes, or pharmacological 

responses to a therapeutic intervention. In practice, biomarkers include tools and 

technologies that can aid in understanding the prediction, cause, diagnosis, progression, 

regression, or outcome of treatment of disease (Richard,2014). 

According to the National Cancer Institute, a biomarker is ―a biological molecule found 

in blood, other body fluids, or tissues that is a sign of a normal or abnormal process, or of 

a condition or disease,‖(NCI) such as cancer. Biomarkers typically differentiate an 
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affected patient from a person without the disease. The alterations can be due to a number 

of factors, including germ line or somatic mutations, transcriptional changes, and 

posttranslational modifications. There is tremendous variety of biomarkers, which can 

include proteins (e.g., an enzyme or receptor), nucleic acids (e.g., a microRNA or other 

non-coding RNA), antibodies, and peptides, among other categories. A biomarker can 

also be a collection of alterations, such as gene expression, proteomic, and metabolomic 

signatures. Biomarkers can be detected in the circulation (whole blood, serum, or plasma) 

or excretions or secretions (stool, urine, sputum, or nipple discharge), and thus easily 

assessed non-invasively and serially, or can be tissue-derived, and require either biopsy 

or special imaging for evaluation.(N., 2012) 

Biomarkers are three type- 

 Diagnostic biomarker- Biomarkers that actually declares the presence or 

absence of the disease is known as diagnostic disease. 

 Prognostic biomarker- Biomarkers that actually projects which treatment 

system is being helpful for the patient. 

 Predictive biomarker- Biomarker that predicts about which patient might 

respond positively under which treatment system.  

Properties of potential ideal biomarkers- 

 An ideal biomarker has to be easy and safe to measure.  

 It should be cost effective to follow up. 

 It should be easily modifiable with the treatment. 

 It must be consistent in all gender and ethnic groups.  

The principles of biomarkers in disease have been applied to the detection, screening, 

diagnosis, treatment and monitoring of cancer. Traditionally, anti-cancer drugs were 

agents that killed both cancer cells and healthy cells. However, more targeted therapies 

have now been developed that can be directed to kill cancer cells only, while sparing 

healthy cells. The assessment of a typical biomarker in cancer helps in the development 

of therapies that can target the biomarker. This can minimize the risk of toxicity and 

reduce the cost of treatment. In cancer research, genetic studies are valuable because 

genetic abnormalities so often underlie the development of cancer.  

1.4.1 Protein as a Biomarker 

Protein biomarkers include substances that are either produced by cancer cells themselves 

or by other cells in response to cancer. Most protein biomarkers related to cancer are used 

to monitor response and/or detect recurrence or progression during follow-up after 
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treatment. Some biomarkers are used to predict the outcome or for prognosis. The 

structure of protein is given below.  

 

Figure 1.4: Structure of protein molecule. 

Structural features of proteins are usually described at four levels of complexity: 

 Primary structure: the linear arrangement of amino acids in a protein and the 

location of covalent linkages such as disulfide bonds between amino acids. 
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 Secondary structure: areas of folding or coiling within a protein; examples include 

alpha helices and pleated sheets, which are stabilized by hydrogen bonding. 

 Tertiary structure: the final three-dimensional structure of a protein, which results 

from a large number of non-covalent interactions between amino acids. 

 Quaternary structure: non-covalent interactions that bind multiple polypeptides 

into a single, larger protein. Hemoglobin has quaternary structure due to 

association of two alpha globin and two beta globin polyproteins. 

 

1.4.2. Selected protein biomarkers 

 

Protein are easier to study since they can be easily traced & evaluated so they are the 

potential best biomarker. Here in this study 14 protein biomarkers are selected for this 

thesis project. They are discussed below-  

 MDK: Stands for Midkine protein encoded by MDK gene, Also known as  neurite 

 growth-promoting factor 2 (NEGF2). A basic heparin-binding growth factor & 

nonglyc-osylated protein. It promotes cellular transformation, angiogenesis and 

metastasis. The level of MK elevates from the early stage of lung cancer. 

.(Charles,2015) 

 

 MMP2: 72 kDa type IV collagenase also known as matrix metalloproteinase-2 

(MMP-2) and gelatinase A is an enzyme that in humans is encoded by the MMP2 

gene. The MMP2 gene is located on chromosome 16 at position 12.2.  This 

protein degrades extracellular matrix, associated with tissue invasion. Cell 

induced angiogenesis, tumor growth and metastasis. .(Charles,2015) 

 

 

 TFPI: TFPI (Tissue Factor Pathway Inhibitor) is a Protein Coding gene. The 

encoded protein is glycosylated and predominantly found in the vascular 

endothelium and plasma in both free forms and complexed with plasma 

lipoproteins. It regulates the tissue factor (TF)-dependent pathway of blood 

coagulation. .(Charles,2015) 

 

 TIMP-1: TIMP metallopeptidase inhibitor 1 is a tissue inhibitor of 

metalloproteinases. This glycoprotein is a member of the TIMP family. It 

inactivates metaoproteanase by binding to zinc co-factor, promotes proliferation 

https://en.wikipedia.org/wiki/Neurite
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& inhibits apoptosis. Increased expression of TIMP-1 has been found to be 

associated with  lung cancer. .(Charles,2015) 

 

 

 OPN: Stands for osteopontin. Recruits immune cell mediation, wound healing & 

tissue remodeling. OPN has diverse biologic function in cell adhesion, migration 

& invasion. Over- expression of level is detected in lung cancer patient. 

.(Charles,2015) 

 

 BIRC6: Baculoviral Inhibitor of apoptosis repeat-containing protein 6 is 

a protein that in humans is encoded by the BIRC6 gene. This protein confers 

apoptosis resistance to cancer cells. Elevated expression of BIRC6 protein in non-

small-cell lung cancers is associated with cancer recurrence and chemo 

resistance..(Xin, 2013) 

 

 

 CEA: It is a oncoferal glycoprotein, stands for carcinogenic antigen. Found in 

blood of lung cancer patient (not in healthy blood). CEA plays important role in 

cell adhesion and intercellular signaling. Increasing level of CEA in blood directs 

to the possibility of lung cancer.(Charles,2015) 

 

 CDK4: Cyclin-dependent kinase 4 also known as cell division protein kinase 4 is 

a member of the cyclin-dependent kinase family & the protein encoded by this 

gene is a member of the Ser/Thr protein kinase family. The expression level of 

CDK4 protein significantly increases in lung cancer tissues compared to normal 

tissues.  CDK4 mediates cell cycle progression by regulating the expression of 

p21 expression in lung cancer.(Aibing.2011) 

 

 

 HSP90: Hsp90 (heat shock protein 90) is a chaperone protein. It assisting other 

cellular proteins to fold properly, and stabilizes them against oxidative and heat 

stress, as well as helping with protein degradation. HSP90 can act as a ―protector‖ 

of unstable protein by-products of DNA mutations. Hsp90 is an important target 

in cancer therapy.  Increased HSP90 expression has been linked to worse 

prognosis in patients with non–small cell lung cancer.(Edward,2013) 

 

 HSPA5: Binding immunoglobulin protein (BiP) also known as 78 kDa glucose-

regulated protein (GRP-78) or heat shock 70 kDa protein 5 (HSPA5) is 

a protein that in humans is encoded by the HSPA5 gene. Molecular chaperone 

HSPA5 is a key survival factor in development and cancer. HSPA5 may also be 
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important for tumor metastasis. It is elevated in metastatic cancer cell lines, lymph 

node metastasis. HSPA5 inhibits tumor cell invasion and growth and metastasis. 

(Xianliang, 2015) 

 

 

 EGFR: Epidermal growth factor receptor (EGFR), a receptor tyrosine kinase. 

EGFR produces this protein. Receptors play an important role in tumor cell 

survival and activated phosphorylated EGFR results in the phosphorylation of 

downstream proteins that cause cell proliferation, invasion, metastasis, and 

inhibition of apoptosis. It‘s is frequently over expressed in non small cell lung 

cancer.( Lee, 2006) 

 

 ACTN4: Alpha-actinin 4  protein is a member of the cytoskeletal protein family; 

it binds to actin filaments to preserve cytoskeletal structure and cell morphology. 

ACTN4 is expressed in no muscle cells and is commonly associated with focal 

adhesion contacts and migrating cells. In cancer tissues the expression level 

increases. (Ming,2015) 
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CHAPTER 2: 
 

METHOD 
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2.1 Protein 

2.1.1 Structure Prediction 

When it comes to study protein structure they are pretty complicated for detailed study. 

For the structure prediction in this thesis project homology modeling was followed. The 

steps that were taken to find out the structure is given below. 

1. Sequence were taken from a database. Uniprotkb was used for FASTA format. 

2. Blast was done for best suited template collection. 

3. Alignment was checked with the same sequence and their templates using clustal 

omega. 

4. Alignment was given  in Swiss model workspace(homology modeling website) 

The databases and softwares used for this project are described below. 

2.1.1.1 UniProtKB 

The UniProt Knowledge Base (UniProtKB) is a central hub for collecting any 

information about proteins with specific, accurate, rich and reviewed annotation. Here in 

this website along with the main information about a protein molecule (sequence, protein 

name, description, citation data or taxonomic information) other possible annotation 

information is also provided. This is collaboration between PIR, SIB and EMBL-EBI. 

The objective of this website was to provide scientific world with high quality, authentic 

and easily accessible platform of protein sequences and functional information. (Uniprot 

Consortium, 2015).  URL Link: http://www.uniprot.org/ 

 

                                       Figure 2.1: UniProtKB homepage. 

http://www.uniprot.org/
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2.1.1.2 BLAST 

Blast stands for Basic Local Alignment Search Tool. Basic function of this tool is to find 

significant local similarity between sequences showing the result in e value and 

percentages. The program does its function by comparing the protein or nucleotide 

sequences with the sequences of the database and calculates the statistical significance of 

matches. Blast has subsections like BlastP (works with protein sequence), BlastN (works 

with nucleotide sequence). BLAST is such a tool that is used to study the functional and 

evolutionary relationships between the given sequences. Also this tool is a great help in 

identifying members of gene families. (Altschul, 1990). URL Link: 

http://blast.ncbi.nlm.nih.gov/ 

 

 

                                            Figure 2.2 : BLAST homepage. 

 

http://blast.ncbi.nlm.nih.gov/
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                                       Figure 2.3: BlastP query entry page. 

2.1.1.3 Clustal Omega 

Clustal Omega is the new version of the old Clustal W series tools which does multiple 

sequence alignment using seeded guide trees and HMM profile-profile techniques. 

Usually it can work with three or more sequences at a time. This is a part of EMBL-EBI 

as a project of processing big data to know biology better and find new information.( 

Nucleic Acid Research 43, 2015). URL Link: http://www.ebi.ac.uk/Tools/msa/clustalo/ 

 

                                 Figure 2.4: Clustal Omega homepage. 

http://www.ebi.ac.uk/Tools/msa/clustalo/
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2.1.1.4 SWISS MODEL 

SWISS MODEL Workspace is a tool that provides with an environment having 

automated comparative homology modeling platform. SWISS-MODEL was first stated 

working in 1993 by Manuel Peitsch Nicolas Guex and Torsten Schwede, and further 

developed at GWER - Glaxo Well come Experimental Research in Geneva and the SIB - 

Swiss Institute of Bioinformatics. The SWISS, which is a relational database of annotated 

three-dimensional comparative protein structure models, was established in 2004. In 

2005, SWISS-MODEL service was extended by SWISS-MODEL Workspace, a web-

based work bench for protein homology modeling and assessment of the result. This 

workspace provides three work mode to work with it – automated mode, alignment mode 

and project mode. Biozentrum (University Basel) and the Advanced Biomedical 

Computing Center (NCI Frederick, USA) provides with the computational services for 

this software. (Arnold, 2015). URL Link: http://swissmodel.expasy.org/workspace/ 

 

 

                           Figure 2.5: SWISS-MODEL Workspace home page.  

 

http://www.isb-sib.ch/
http://www.isb-sib.ch/
http://swissmodel.expasy.org/workspace/
http://www-fbsc.ncifcrf.gov/
http://www-fbsc.ncifcrf.gov/
http://www-fbsc.ncifcrf.gov/
http://swissmodel.expasy.org/workspace/
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                       Figure 2.6: SWISS- MODEL Workspace alignment submitting page.  

2.1.2 Sequence Motif 

For finding motifs in the protein sequences two steps were followed. First, protein 

sequences were collected from database in their FASTA format and then put into a web 

tool as input to get the result. Here NCBI is used as the database and MEME was used as 

the web tool to find sequence motif. Details about these two are given below: 

 

2.1.2.1 NCBI 

NCBI stands for National Center for Biotechnology Information. This is a great source 

for biomedical and genomic information. The late Senator Claude Pepper established the 

National Center for Biotechnology Information (NCBI) on November 4, 1988, as a 

division of the National Library of Medicine (NLM) at the National Institutes of Health 

(NIH). NLM was chosen for its experience in creating and maintaining biomedical 

databases and NIH because of its largest biomedical research facility in the world. As a 

national resource for molecular biology information, NCBI's mission is to develop new 

information technologies to help understanding the fundamental molecular and genetic 

processes that are responsible for good health and diseases. More specifically, the NCBI 

has been charged with creating automated systems for storing and analyzing knowledge 

about molecular biology, biochemistry, and genetics; facilitating the use of such 

databases and software by the research and medical community coordinating efforts to 

gather biotechnology information both nationally and internationally and performing 
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research into advanced methods of computer-based information processing for analyzing 

the structure and function of biologically important molecules..  

 URL Link: http://www.ncbi.nlm.nih.gov/ 

 

                                                Figure 2.7: NCBI home page.  

2.1.2.2 MEME 

MEME stands for Multiple Expectation maximization for Motif Elicitation. 

MEME discovers novel, ungapped motifs (recurring, fixed-length patterns) in nucleic 

acid or protein sequences (sample from sequences).  

MEME splits variable-length patterns into two or more separate motifs.  MEME 

represents motifs as position-dependent letter-probability matrices which describes the 

probability of each possible letter at each position in the pattern. Individual MEME 

motifs do not contain gaps. Patterns with variable-length gaps are split by MEME into 

two or more separate motifs.  

MEME takes as input a sequence or a group of sequences and outputs as many motifs as 

requested. This tool can choose the best width, number of occurrences, and description 

for each motif by the help of statistical modeling. MEME on the web can take a second 

(control) set of input sequences and then discovers motifs that are enriched in the primary 

set relative to the control set. This discovery is called discriminative motif discovery. The 

MEME Suite was developed by Timothy Bailey at the Institute for Molecular 

Bioscience at the University of Queensland and William Stafford Noble in 

http://www.ncbi.nlm.nih.gov/
http://research.imb.uq.edu.au/t.bailey
http://imb.uq.edu.au/
http://imb.uq.edu.au/
http://imb.uq.edu.au/
http://www.uq.edu.au/
http://noble.gs.washington.edu/~noble
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the Department of Genome Sciences at the University of Washington. . This Suite have 

previously been supported by Columbia University, the Computational Biology Research 

Center at the National Institute of Advanced Industrial Science and Technology, the 

National Biomedical Computation Resource, and the San Diego Supercomputer Center. 

Maintenance and development of the MEME Suite is funded by the National Institutes of 

Health.it also receives support from Amazon and Google. (Timothy, 2009) URL Link: 

http://meme-suite.org/tools/meme 

 

                                        Figure 2.8: MEME Suite home page.  

 

http://www.gs.washington.edu/
http://www.washington.edu/
http://meme-suite.org/tools/meme
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                                       Figure 2.9: MEME data submission form. 

 

2.1.3 Finding Expression Level 

To find out the expression level of these proteins in different conditions of lung cancer 

GEO tool of NCBI was used. Just the name of the protein name and little clue ―lung 

cancer‖ was given as input and possible options appear. 

 

2.1.3.1 GEO Profile 

GEO represents to Gene Expression Omnibus. The GEO Profiles database stores gene 

expression profiles derived from GEO Datasets. Each Profile is presented as a chart that 

displays the expression level of one gene across all Samples within the Dataset. 

Experimental parameter is provided in the bars along the bottom of the charts to see 

whether a gene is differentially expressed across different experimental conditions. every 

Profile have various types of links including internal links that connect genes that exhibit 

similar behavior, and external links to relevant records in other NCBI databases.GEO 

Profiles can be searched using many different attributes including keywords, gene 

symbols, gene names, GenBank accession numbers, or Profiles flagged as being 

differentially expressed.(Barrett, 2013). URL Link: 

https://www.ncbi.nlm.nih.gov/geoprofiles/ 

https://www.ncbi.nlm.nih.gov/geoprofiles/
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Figure 2.10: GEO Profile home page. 
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3.1 Protein 

Protein is one of the most promising potential biomarkers for lung cancer. For this study, 

lung cancer specific selected 14 protein‘s 3D structures, sequence motifs and expression 

level have been checked. The names of the selected proteins are given below- 

 MDK 

 MMP2 

 TFPI 

 TIMP-1 

 OPN 

 BIRC6 

 CEA 

 CDK4 

 HSPA5 

 HSP90Alpha 

 EFGR 

 ACTN4 

Results are given below: 

 

3.1.1 Structure 

The 3d structures of these 14 proteins were predicted. There are different classifications 

of protein structure prediction. For this study homology modeling was done. Tertiary 

level of structure of a protein is called homology modeling. Its mainly comparative 

modeling system. In this modeling homologous proteins are used as templates. SWISS 

MODEL Workspace was used for structure prediction. To determine the structural motif 

along with their site directed mutagenesis homology modeling can be done which is what 

makes them probable candidate for lung cancer biomarkers. 
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Figure3.1: Homology model of  Midkine protein 

 

 

Figure 3.2: Homology model of MMP2 protein 
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Figure 3.3: Homology modeling of TFPI protein 

 

Figure 3.4: Homology modeling of TIMP-1 protein 
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Figure 3.5: Homology modeling of OPN protein 

 

 

 

Figure 3.6: Homology modeling of BIRC6 protein 
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Figure 3.7: Homology model of CEA protein 

 

 

Figure3.8: Homology modeling of CDK4 protein 
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Figure3.9: Homology modeling of HSPA5 protein 

 

Figure 3.10: Homology modeling of HSP90 protein 
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Figure3.11: Homology modeling of EFGR protein 

 

Figure 3.12: Homology modeling of ACTN4 protein 
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3.2.1 SEQUENCE MOTIF 

A sequence motif is a nucleotide or amino-acid sequence pattern that is widespread and 

has, or is conjectured to have, a biological significance,  functional value and has highly 

specific activity, sequence variation along with protein-protein interactions are also 

understandable by a sequence motif . Here, sequence motif was observed using MEME 

software. 5 motifs per proteins were taken.  

 

3.2.1.1 MDK: 

     

      Figure 3.13: Motif 1 of MDK protein               Figure 3.14: Motif 2 of MDK protein 

 

         

   Figure 3.15: Motif 3 of MDK protein                Figure 3.16: Motif 4 of MDK protein 
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Figure 3.17: Motif 5 in MDK protein 

3.2.1.2 MMP2: 

 

Figure 3.18: Motif 1 in MMP2 protein 

 

            

      Figure 3.19: Motif  2 in MMP2 protein             Figure 3.20: Motif  3 in MMP2 protein 
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       Figure 3.21: Motif 4 in MMP2 protein            Figure 3.22: Motif  5 in MMP2 protein 

 

3.2.1.3. TFPI 

 

 

Figure 3.23: Motif 1 of TFPI protein 
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Figure 3.24: Motif 2 of TFPI protein 

        

          Figure 3.25: Motif 3 of TFPI protein              Figure 3.26: Motif 4 of TFPI protein 

 

Figure 3.27: Motif 5 of TFPI protein 
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3.2.1.4TIMP-1 

 

Figure 3.28: Motif 1 of TIMP-1 protein 

 

                                               Figure 3.29: Motif 2 of TIMP-1 protein 

 

         

          Figure 3.30: Motif 3 of TIMP-1 protein        Figure 3.31: Motif 4 f TIMP-1 protein 
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Figure 3.32: Motif 5 of TIMP-1 protein 

3.2.1.5 OPN 

 

Figure 3.33: Motif 1 of OPN protein 

                   

      Figure 3.34: Motif 2 of OPN protein                   Figure 3.35: Motif 3 of OPN protein 



54 
 

                      

 

Figure 3.36: Motif 4 of OPN protein                           Figure 3.37: Motif 5 of OPN protein 

 

3.2.1.6. BIRC6 

 

 

Figure 3.38: Motif 1 of BIRC6 protein 
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       Figure 3.39: Motif 2 of BIRC6 protein             Figure 3.40: Motif 3 of BIRC6 protein 

 

               

 

     Figure 3.41: Motif 4 of BIRC6 protein           Figure 3.42: Motif 5 of BIRC6 protein 
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3.2.1.7 CEA: 

 

 

                                    Figure 3.43: Motif 1 in CEA protein 

 

 

 

                                           Figure 3.44: Motif 2 in CEA protein. 

 

 

 

                                         Figure 3.45: Motif 3 in CEA protein. 
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Figure 3.46: Motif 4 in CEA protein                         Figure 3.47: Motif 5 in CEA protein 

 

3.2.1.8. CDK4 

          

   Figure 3.48: Motif 1 of CDK4 protein              Figure 3.49: motif 2 of CDK4 protein 

           

          Figure 3.50: Motif 3 of CDK4 protein            Figure 3.51: Motif 4 of CDK4 protein 
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Figure 3.52: Motif 5 of CDK protein 

3.2.1.9 HSPA5 

           

      Figure 3.53: Motif 1 of HSPA5 protein            Figure 3.54: Motif 2 of HSPA5 protein 

 

        

     Figure 3.55: Motif 3 of HSPA5 protein             Figure 3.56: Motif 4 of HSPA5 protein 
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Figure 3.57: Motif 5 of HSPA5 protein 

 

3.2.1.10.1. HSP90- alpha-isoform-1 

 
Figure 3.58: Motif 1 of  HSP90- α -isoform-1 

     
Figure 3.59: Motif 2 of HSP90- α -isoform1   Figure3.60: Motif 3 of HSP90- α- isoform1 
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Figure 3.61: Motif 4of HSP90- α -isoform-1 

 

Figure 3.62: Motif 5 of HSP90- α -isoform-1 

3.2.1.10.2. HSP90- α -isoform-2 

 

Figure 3.63: Motif 1 of HSP90- α -isoform-1 
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Figure 3.64: Motif 1 of HSP90- α -isoform-2 

 

Figure 3.65: Motif 3 of HSP90- α -isoform-2 

 

Figure 3.66: Motif 4 of HSP90- α -isoform-2 
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Figure 3.67: Motif 5 of HSP90- α -isoform-2 

 

3.2.1.11 EGFR 

 

Figure 3.68: Motif 1 of EGFR protein 
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       Figure 3.69: motif 2 of EGFR protein              Figure 3.70: Motif 3 of EGFR protein 

 

Figure 3.71: Motif 4 Of EGFR protein 

 

Figure 3.72: Motif 5 of EGFR protein 
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3.2.1.12 ACTN4 

 

Figure 3.73: Motif 1 of ACTN4 protein 

 

                                            Figure 3.74: Motif 2 of ACTN protein  

 

Figure 3.75: Motif 3 of ACTN4 protein 
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   Figure 3.76: Motif 4 of ACTN4 protein           Figure 3.77: Motif 5 of ACTN4 protein 

 

3.2.3 Expression Level: 

Every protein that are identified in lung cancer shows different expression level in 

different stages of cancer.  Each protein is very unique according to your structure and 

expression level which is why they are very unique and ideal to be used as biomarker 

molecules. To detect the difference of  protein expression level between lung cancer and 

normal tissue for discussing their expression level, datas of different proteins expressed 

as a result of experiments done before were taken from GEO Profiles. Geo profiles have 

already stored information for each protein. No practical experiment was done for this 

part of the project. 

 

Figure 3.78: Expression level of MDK 
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Figure 3.79: Expression level of MMP2 

 

Figure 3.80: Expression level of TFPI 

 

Figure 3.81: Expression level of TIMP1 
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Figure 3.82: Expression level of OPN 

 

Figure 3.83: Expression level of BIRC6 

 

Figure 3.84: Expression level of CEA 
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Figure 3.85: Expression level of CDK4 

 

 

 

Figure 3.86: Expression level of HSPA5 
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Figure 3.87: Expression level of ACTN4 protein 

 

 

Figure 3.88: Expression level of EGFR  

 

 

Figure 3.89: Expression level of HSP90AA 
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Protein expression level of the selected proteins given above in the figures(3.78-3.89) are 

shown in cancer (patient‘s) cell along with a normal (patient‘s) cell to check the 

difference of selected protein expression level. According to the expression level all of 

them except MMP2 & TFPI are over expressed in lung cancer patients compared to 

normal conditions, whereas MMP2 & TFPI are less expressed in lung cancer. 
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CHAPTER 4: 

DISCUSSION 
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The result of the studies proteins, their structure, sequence, motif and expression level is 

discussed for better understanding in this section. 

 

4.1 Protein Structure prediction 

Protein structure prediction is the inference of the three-dimensional structure of 

a protein from its amino acid sequence that is, the prediction of its folding and 

its secondary and tertiary structure from its primary structure. The tertiary structure can 

be of different types. For example: AB initio, threading, homology modeling etc.  

For this thesis project homology modeling was performed using SWISS MODEL 

Workspace. Homology modeling, also known as comparative modeling of protein, refers 

to constructing an atomic-resolution model of the "target" protein from its amino acid 

sequence and an experimental three-dimensional structure of a 

related homologous protein (the "template").The structures are differently colored which 

shows the residue error, blue being the lowest it goes up to red and the spiral like 

structure is known as alpha helix and the wide sheet like part is the beta sheet and the thin 

spread like structure is the single polypeptide chain.  

For each structure QMEAN value was given. For TIMP1 0.54, HSPA5 0.87, MDK 0.23, 

CDK4 0.65, TFPI 0.44, BIRC6 0.79, EFGR 0.64, Alpha Actinin 4 0.86 and for HSP90 & 

MMP2 0.76 is the value, given the range limit of 0 to 1.  

 

4.2 Protein Sequence Motif 

Structural motifs are short segments of protein 3D structure, which are spatially close but 

not necessarily adjacent in the sequence. Structural motifs may be conserved in a large 

number of different proteins. Their role may be structural or functional. Here, MEME 

suite was used.  After giving the proper commands along with the required forms of data 

for each of the proteins the result showing page came up. As a result sequence motifs, 

their logos and sites were available for downloading. Motifs are the sequences that have 

biological and functional importance, logos are the graphical presentation of that motif 

and sites are the sequences where motifs were found. For each protein molecule the limit 

for motif search was set to 5 hence, 5 motifs for each protein was found. The logos are of 

different lengths because of the tool. It automatically selects the standard length from 6 to 

50. 

Most of the motifs has two sites. But there are some motifs in CEA, BIRC6, MDK, 

MMP2, EGFR, and ACTN which up to 4 sites.. This result suggests that these proteins 

might have the desired motif that can be the ultimate biomarker. 

https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Protein_folding
https://en.wikipedia.org/wiki/Protein_secondary_structure
https://en.wikipedia.org/wiki/Protein_tertiary_structure
https://en.wikipedia.org/wiki/Protein_primary_structure
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For each motif per protein different E-values were given. Motifs with small E-

values (e.g., less than 0.001) are very unlikely to be random sequence artifacts. The E-

value of the match of a sequence in a database to a group of motifs is defined as the 

expected number of sequences in a random database of the same size that would match 

the motifs as well as the sequence does and is equal to the combined p-value of the 

sequence times the number of sequences in the database. 

 

4.3 Protein Expression Level 

Protein expression level can be used to determine stages of disease and type as well, since 

proteins are expressed in different level and unique. GEO Profile was used for getting 

protein expression level. There are many profiles to check protein expression level as this 

is NCBI database. So only the profiles with desired protein for this thesis were taken. 

Expression levels of the proteins are compared in normal and cancerous condition. The 

bottom bar has different individual samples along with lung cancer tissue indication. And 

the diseased state are shown in the second bottom green bars. Above these two lines of 

bars, ash colored bars show the name of the samples. In the long red lines that represents 

the transformed count of the expression level. This transformed count is from the actual 

experiment results. And the blue squares presents their percentile rank among all the 

samples. 

Among all the proteins CEA, MDK, TIMP1, OPN, HSPA5, HSP90AA, EGFR. ACTN4 

are clearly over expressed in the cancer patient. On the other hand MMP2 and TFPI are 

under expressed in diseased condition. So it‘s pretty clear that these protein molecules 

can be used as biomarker in the panel for lung cancer screening. Out of these 14 proteins 

EGFR, OPN and TIMP1 showed visibly higher expression in lung cancer patient. So 

these 3 proteins has the potential to be called the ultimate biomarkers for lung cancer for 

which further wet-lab studies are required. 
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Worldwide, in 2008, lung cancer was the leading cause of cancer deaths in males and the 

second leading cause of cancer deaths in females, about 1 400 000, or 18% of all cancer 

deaths.(Philip,2012). This disease is tough to defeat but the scientist are working hard to 

find a proper cure that can minimize the mortality rate. 

The general prognosis of lung cancer is poor because doctors tend not to find the disease 

until it is at an advanced stage. Five-year survival is around 54% for early stage lung 

cancer that is localized to the lungs, but only around 4% in advanced, inoperable lung 

cancer. For better treatment it needs to be diagnosis at an early stage as it can reduce 

hardship of treatment.  

Since biomarkers are very promising now a days to work with as it has the ability to look 

at the core detail of the disease. Protein biomarker was chosen for this thesis as protein 

expression in human body is abundant and easily detectable. Finding out protein 

biomarker homology was the main focus of this thesis. So protein structure along with 

their sequence motif and expression level was checked. Now the 14 proteins were chosen 

because of their capability. All of these 14 proteins are expressed differently in different 

stages of lung cancer and are quite prominent. Among the properties, EGFR, OPN and 

TIMP1 were further selected on the basis of structure, sequence motif and expression 

level.  But out of initial 14 proteins, the chosen three proteins (EGFR, OPN, TIMP1) 

showed high expression level in lung cancer patient. So these three proteins ( EGFR, 

OPN, TIMP1) can be the potential biomarkers for lung cancer. 

To study protein biomarkers using different bioinformatics tools was the intention of this 

thesis project. The structure, sequence motifs and expression levels can help in further 

studies on these lung cancer biomarkers.  

1. Protein structures can help to learn about these proteins binding sites along with 

their target molecules. 

2. Sequence motifs can help study regulatory properties along with their therapeutic 

agents. 

3. The expression level is very important to know in which stage how much 

expression occurs.  

For summery, these three properties have the ability to give better treatment opportunity 

as the study goes further.  All together a bioinformatic approach to learn about the small 

details of lung cancer enables the broad road of finding out the proper and best treatment 

to stand against this disease. 
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