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ÖNSÖZ 

Doktora eğitimim süresince emeği ve bilgisi ile desteğini hiç esirgemeyen ve 

tezimin bu aşamaya gelmesinde büyük katkısı olan değerli danışmanım, Hocam Prof. Dr. 

Tülin Çora’ ya teşekkür ederim. Ayrıca, Doktora eğitimim süresince değerli bilgisi ile hep 

yanımda olup, her türlü desteği veren, tecrübelerini aktaran ve bana yol gösterici olan 

Hocam Prof. Dr. Hasan ACAR’a teşekkürlerimi sunarım. Doktora eğitimimi süresince 

bilgisi ve desteğini hiç esirgemeyen değerli hocalarım Yrd. Doç. Dr. Nadir Koçak’a ve 

Dr. Süleyman Nergiz’a teşekkür ederim. 

 Ayrıca, Selçuk Üniversitesindeki Tibbi Genetik eğitimime pratik ve teorik olarak 

katkıda bulunan, deneyimlerini benimle paylaşan Anabilim Dalımızda görev yapmakta 

olan birlikte çalıştığım araştırma görevlisi, doktora ve yüksek lisans öğrencisi 

arkadaşlarıma ve bölümümüz personellerine teşekkürlerimi sunarım. 

Projeye konu olan çalışma, Selçuk Üniversitesi BAP Koordinatörlüğünün desteği 

ile yapılan, KRAS geninin 3’-UTR LCS6 (Let-7 complamentary site) miRNA Let-7 

bağlanma bölgesindeki mutasyonun sıklığının ortaya konduğu ve miRNA Let-7 

profillemesinin yapıldığı bir ön çalışma sonucunda elde edilen veriler esas alınarak 

planlanmıştır. Mevcut projede, Akciğer kanserinde KRAS geni 3’-UTR LCS6 

bölgesindeki mutasyonun, Akciğer kanserinde metastaz yolağı üzerindeki etkisinin 

incelenmesi amaçlanmıştır. Bunun için projede detayı anlatıldığı gibi farklı in vitro 

moleküler biyolojik ve genetik metotlar kullanılarak projenin hipotezi gerçekleştirilmiştir 

Bu tez, BAP Koordinatörlüğü tarafından 16202031 proje numarası ile 

desteklenmiştir. Selçuk Üniversitesi Bilimsel Araştırma Projeleri Dairesine maddi 

desteklerinden dolayı teşekkür ederim. 

Ayrıca eğitimim süresinde bana maddi olarak destek olan Türkiye Bilimsel Ve 

Teknolojik Araştırma Kurumu (TÜBİTAK)'a teşekkür ederim. 
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ÖZET 

T. C. 

SELÇUK ÜNİVERSİTESİ 

SAĞLIK BİLİMLERİ ENSTİTÜSÜ 

İnsan Akciğer Kanser Hücrelerinde KRAS Geni LCS6 Mutasyonun Metastaz 

Yolağı Üzerine Etkisi  

Ali Ahmed AZZAWRI  

Tıbbi Genetik Anabilim Dalı 

DOKTORA TEZİ / KONYA-2018 

Akciğer kanseri kompleks ve sıklıkla ölümcül bir hastalıktır. Dünya genelinde en çok ölüme neden olan 

kanser türü olarak kabul edilmektedir. Dünya Sağlık Örgütü'nün (WHO) raporuna göre akciğer kanseri tüm 

dünyada kanser türleri arasında, erkeklerde ölüme neden olan birinci, kadınlarda ise ikinci kanser türüdür. 

Akciğer kanserinin ölüm oranı (mortalite) oldukça yüksektir ve bu kanserden dünyada her yıl yaklaşık 1,6 

milyon kişi hayatını kaybetmektedir. Akciğer kanseri, yapısal olarak normal akciğer dokularındaki 

hücrelerin kontrolsüz çoğalarak akciğer içinde bir kitle (tümör) oluşturması ile ortaya çıkan bir hastalıktır. 

Bu kontrol dışı çoğalma, hücrelerin çevredeki dokuları sararak veya akciğer dışındaki organlara (karaciğer, 

kemik, beyin gibi) yayılmaları ile (metastaz) hasara yol açabilir. Akciğer kanserleri mikroskop altında 

izlenen hücrelerin görüntüsüne göre “küçük hücreli akciğer kanseri” ve “küçük hücreli dışı (küçük hücreli 

olmayan) akciğer kanseri” olmak üzere iki ana gruba ayrılır. Akciğer kanserlerinin yaklaşık %80’i küçük 

hücreli dışı gruptadır. Kronik karsinojen maruziyeti sonucunda genetik yapıda hasar oluşmaktadır. Hücre 

çoğalmasını kontrol eden genlerdeki hasar, kanser oluşumundaki temel unsurdur . Diğer kanser türlerine 

benzer olarak, akciğer kanseri de onkogenlerin aktivasyonu ya da tümör baskılayıcı genlerin inaktivasyonu 

sonucunda gelişir. Son yıllarda proto-onkogen olarak adlandırılan normal ve genellikle hücrenin bölünmesi 

ile ilgili işlevlerde rol alan genlerin; belirli karsinojenlerle onkogen haline geçerek, karsinogeneziste rol 

aldıkları anlaşılmıştır. KRAS geni,  21 kDa’luk protein (p21) kodlayan bir onkogendir. HRAS ve NRAS ile 

birlikte Ras gen ailesinin üyesidir. Ras genleri, tanımlanan ilk insan onkogenleridir. Ras proteinleri hücre 

büyümesi ve farklılaşmasını düzenleyen, membran ilişkili GTPaz sinyal proteinleridir. Bu protein, başlıca 

RAF/MEK/ERK, PI3K/AKT/mTOR ve JAK/STAT3 olmak üzere farklı sinyal yolaklarını regüle eder. 

miRNA Let-7’nin, KRAS genini baskıladığı ve bunu da, genin 3’UTR bölgesindeki LCSs (Let-7 

complementary sites) bölgelerine bağlanarak gerçekleştirdiği bilinmektedir. Literatürde, akciğer kanserinde 

metastazda rol alan genlerdeki değişikliklerle tümörün gelişimi, metastazı ve tedaviye cevabını inceleyen 

yeterli çalışma bulunmamaktadır. Diğer kanserlerde olduğu gibi, akciğer kanserin metastazında da genlerin 

genotipi ile metastaz arasında ilişki olabilir. KRAS geni 3’-UTR’si üzerinde miRNA Let-7’nin bağlanma 

bölgesi olan LCS6’daki (Let-7 complementary site) T>G değişikliğinin (rs61764370), Let-7’nin 

bağlanmasını ve fonksiyon görmesini engelleyerek, tümörün büyümesine ve metastaz yolağının açılmasına 

neden olacağı düşünülmüştür. Bunun için KRAS CDS’deki G12V ve LCS6 mutasyonlarını taşıyan akciğer 

kanseri A549, NCI-H441 ve 

 BEAS-2B (kontrol) hücrelerinde, in vitro deneyler kullanılarak LCS6 mutasyonunun AKT ve ERK 

yolakları ve metastaz üzerine etkisi incelenmiştir.  

 Elde edilen bulgulara göre; İn vitro deneylerde, A549 ve NCI-H441 hücrelerinde, G12V ve LCS6’nın 

invazyon, migrasyon ve proliferasyon bakımından farklı etkilere sahip oldukları saptandı. LCS6 bölgesinde 

mutasyon artışı NCI-H441 hücrelerinde migrasyon ve proliferasyonu artırırken A549 hücrelerinde 

migrasyon ve proliferasyon azaldı. Hem G12V hem de LCS6 mutasyonu her iki hücre hattında da ( A549 

ve NCI-H441) hücre invazyonunu artırdı. Hedef genlerin ekspresyonu ise hem western blot hem de qPCR 

ile gösterildi. Her iki mutasyonun G12V ve LCS6 mutasyonun A549 ve NCI-H441 hücrelerinde 
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PI3K/AKT/mTOR and RAF/MEK/ERK yolaklarını indüklediği, hatta A549 hücre hattında bu yolakların 

aktivasyonunu daha fazla artırdığı tespit edilmiştir. 

Anahtar Kelimeler: KRAS, akciğer kanseri, LCS6, G12V, Let-7, AKT, ERK, metastaz, proliferasyon, 

migrasyon, invazyon. 
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SUMMARY 

REPUBLIC OF TURKET 

SELÇUK UNIVERSITY 

HEALTH SCIENCES INSTITUTE 

Effects of KRAS Gene Lcs6 Mutation on Metastasıs Pathways in Human Lung 

Cancer  

Ali Ahmed AZZAWRI  

Department of Medical Genetics 

PhD THESIS / KONYA-2018 

Lung cancer is the leading cancer killer of both men and women throughout the world. Lung cancer 

is the most common cancer worldwide, accounting for 1.8 million new cases and 1.6 million deaths in 2012. 

Lung cancer is characterized by a low survival and high relapse rate. The commonest malignant tumor found 

in the lungs is a metastasis from another primary cancer. Metastatic neoplasms of the lungs are more 

common than primary lung cancer. The lungs are involved by metastatic disease in one third to half of all 

malignant lesions. NSCLC, the most frequently occurring category of lung cancer, accounts for 

approximately 80 % of all cases. RAS mutations are found in approximately one-third of all human 

malignancies. KRAS accounts for most of the RAS mutations found in the majority of human malignancies. 

Notably, KRAS accounts for 90% of RAS mutations in lung adenocarcinomas. Recent literature has 

reported a strong association between KRAS mutation and survival in non-small cell lung cancer and 

approximately 97% of KRAS mutations in NSCLC involve codons 12 or 13. Molecular mechanisms that 

are mediating tumor’s initiation, invasion, metastases, recurrence and resistance to the therapy in lung 

cancers remains largely unknown. In addition, the relationship between genotype of genes and tumor’s 

features such as development of tumors, progression, invasion, metastasis and response to therapy also has 

not been extensively studied. One of the target sequences of miRNA Let-7 complementary site within the 

3'untranslated region of KRAS gene (named is 3’-UTR LCS6 sequence). LCS6 mutation may lead to 

metastases, development of cancer, relapse and treatment resistance in many cancers. Consistent with 

findings, reduced let-7 expression is also associated with poor prognosis in lung cancer. At the same time, 

it results in the decrease of the survival rate. However, the mechanisms of these effects are not known yet. 

 In this project, it was aimed to carry out the effect of LCS6 mutation on metastatic functions and 

AKT and ERK pathways, by using lung cancer A549, NCI-H441 cells and BEAS-2B (control) cell carrying 

pLenti-KRAS-CDSmLCS6n, pLenti-KRAS-CDSm-LCS6m plasmids. The results showed that G12V and 

LCS6 mutations have significant different effects among A549 and NCI-H441 cell groups. the mutation of 

LSC6 region increases the cell migration and proliferation in NCI-H441 cells, while in A549 cells a slight 

decrease occurred in migration and proliferation levels. Both G12V and LCS6 mutations increase the cell 
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invasion level in A549 and NCI-H441 cells. As for the target genes, both Western and qPCR results showed 

that G12V and LCS6 mutations induced PI3K/AKT/mTOR and RAF/MEK/ERK pathways in A549 and 

NCI-H441 cells, induce these pathways were higher in A549 cells. 

Keywords: KRAS, lung cancer, LCS6, G12V, Let-7, AKT, ERK, metastasis, proliferation, 

migration, invasion. 
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1. INTRODUCTION 

1.1. Lung Cancer 

Lung cancer remains the most common cancer and the number one cause of cancer 

deaths –  deadliest – in the world. Lung cancer is the leading cause of cancer death in male 

and the second in female around the globe (Siegel et al., 2012). The mortality rate of lung 

cancer is very high, accounts for 28% of the total estimated cancer deaths and 14% of all 

new cancer diagnoses, with an estimated 1.8 million new cases and 1.59 million deaths in 

2012(Siegel et al., 2012). More lives are lost to lung cancer than to prostate (11%), 

colorectal (9%) and pancreatic (6%) cancers combined. (Howlader N et al., 2017) (Siegel 

et al., 2012) (Figure 1.1).  

It affects and kills more men than women, but the trend lines for the genders are 

diverging: In a general manner the numbers have been going up for women and down for 

men. Lung cancer is a complex disease and one of the most aggressive, have a 1-year 

relative survival rate of about 22% (Tatsui CE et al., 2009). Only 18% of all patients 

diagnosed with lung cancer will survive 5 years or more,but if it’s caught before it spreads, 

the opportunity of survival for 5-year improves significantly.(Howlader N et al., 2017) 

This high mortality is attributed to its early metastasis, especially for non-small-

cell lung carcinoma (NSCLC) (Gupta GP et al., 2006)(Wang T et al., 2010). Tumor 

metastasis occurs through a series of steps including vessel formation, cell attachment, 

proliferation, invasion, and is regulated by very complex mechanisms (Fidler, 2005). Like 

all cancers, Lung cancer results from an abnormality in the body's basic unit of life, the 

cell. Disturbance of system of checks and balances on cell growth causes an uncontrolled 

cell division and proliferation of cells results in uncontrolled growth that eventually forms 

a tumor mass. This uncontrolled proliferation, leads to the accumulation of cells in the 

tissues or metastasis to organs outside the lung (liver, bone, brain). (Falk, S; Williams. 

2010). 

 Lung cancers can arise and develop in any lung part, it is believed that 90-95% of 

of all lung cancers, arises from epithelial cells, the cells lining the airways (bronchi and 
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bronchioles); for this cause, lung cancers are sometimes called bronchogenic carcinomas.  

And cancers also can arise from the pleura called mesotheliomas or rarely from supporting 

tissues that is present inside the lungs, for example, the blood vessels. 

According to the appearance of the cells under the microscope, lung cancers are 

broadly classified into two types, which grow and spread differently, are small cell lung 

cancers (SCLC) and non-small cell lung cancers (NSCLC). NSCLC is the most common 

type of lung cancer, accounting for about 80% of all lung cancers. The major subcategories 

of NSCLC are Squamous Cell Carcinoma (SCC), Adenocarcinoma (ACD), and Large 

Cell Carcinoma (LCC). (Lung Cancer Patient Version, 2016).  

SCLC approximately 20% of lung cancers and are the most rapidly growing and 

aggressive of all lung cancers. SCLC are closely related to cigarette smoking.(Oberg K et 

al., 2010).(Govindan R et al., 2006). Other types of cancers can arise in the lung; for 

example bronchial carcinoids, these types are much less common than Less common than 

other types and together comprise only 5%-10% of lung cancers. 

 

 

Figure 1.1. (A) Global mortality of lung cancer (IARC 2012). (B) Types of lung cancer.  
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The causes and risk factors for lung cancer, Cigarette smoking is the principal risk 

factor for development of lung cancer (The Merck Manuals, 2007), with about 85-90% of 

lung cancers arising as a result of tobacco use (Biesalski et al.,1998).  The risk of lung 

cancer increments with the quantity of tobacco and cigarettes smoked and the time over 

which smoking has occurred. Cigarette smoke contains over 4,000 chemical compounds, 

including more than 60 carcinogens (IARC; 2004). 

The two primary cancer-causing in cigarette smoke are chemicals known as 

nitrosamines and polyaromatic hydrocarbons ( Adams J, 1983). The carcinogens derived 

from smoking damage lung epithelial cells by oxidative stress, leading to DNA damage 

(Alavanja, 2002; Huang et al., 2011). 

Passive exposure to tobacco smoke or inhalation of tobacco smoke by nonsmokers 

(passive smoking)also is an established risk factor for the development of lung cancer. 10-

15% of lung cancer cases are in never-smokers (Satcher D, 2002; Thun M, et all. 2008). 

Familial predisposition, family history and individual genetic susceptibility may play a 

role in the causation of lung cancer. It is indistinct the amount of this risk is due to shared 

environmental factors (like a smoking household) and amount of relevance to genetic risk. 

Individuals who inherit certain genes, like genes that interfere with DNA repair, may be 

more susceptible to several types of cancer (Gorlova O, et all. 2007; Hackshaw A,, et all. 

1997). 

There are also other factors involved in the development of lung cancer are 

including ionizing radiation, radon gas (Catelinois O, et all. 2006), exposure to asbestos 

fibers (O'Reilly K, et all. 2007), air pollution, Lung diseases notably chronic obstructive 

pulmonary disease (COPD) and Tuberculosis (TB) (Chiu H, et all. 2006; Coyle Y et all. 

2006, Kabir Z, et all. 2008).  

However, the survival rates depend on many factors, including the subtype of lung 

cancer, and the stage of disease, The stage of lung cancer refers to the extent of the spread 

of cancer in the patient's body.  
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Stages of lung cancer, NSCLCs are identified a stage as from I to IV in order of 

seriousness: 

In stage I, the cancer is limited to the lung. 

In stages II, the cancer is limited to the chest, the diaphragm or the lining around the lungs 

(pleura) and tumor may also spread to the lymph nodes.  

In stages III, The tumors at this stage may have grown very large and more invasive. 

Stage IV Cancer has spread beyond the affected lung to the other lung or from the chest 

to other parts of the body (American cancer society, 2018). 

SCLC is sometimes described as being Limited-stage or extensive-stage, Limited-

stage indicates cancer is limited to one lung while extensive-stage indicates cancer has 

spread beyond the lung to other parts of the body. Most doctors use a two-tiered system 

to determine treatment for SCLC (Murray N, 1993; Aberle DR, 2013). 

The general diagnosis of lung cancer is poor because doctors tend not to find 

cancer until it is at an advanced stage. Traditional treatments for lung cancer depend on 

the type of cancer, the cell type (NSCLC or SCLC), tumor stage (stage I, II, III or IV), 

location of cancer and the patient’s overall condition. For this reason, The accurate 

diagnosis of lung tumor histology is necessary when deciding a treatment. 

Treatment of lung cancer can involve surgery, chemotherapy, targeted therapy, 

immunotherapy, and radiotherapy or a combination of treatments as well as newer 

experimental methods.  However, patients deemed appropriate for curative treatment still 

maintain a high rate of relapse. The response and survival rates remain modest (Vilmar 

and Sorensen, 2011; Martini N. et al, 1995). 
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1.2. Lung Cancer Genetics 

Cancer is now known as a disease of genomic alterations. Chronic exposure to 

carcinogens may lead to genetic damage and can induce a variety of cytogenetic effects 

that can be biologically damaging and result in an increased risk of carcinogenesis. 

Damage to genes that control cell proliferation is an essential element in the development 

of cancer (Tobias J, et all. 2010). Similar to other types of cancer, Lung cancer develops 

as a result of multiple genetic alterations, which lead to the activation of oncogenes and/or 

inhibition of tumor suppressor genes (Cooper W, et all. 2013).  

In recent years it has become known that genes that are generally involved in 

functions related to cell division and other processes, known as proto-oncogenes,  may be 

involved in carcinogenesis when converted to oncogenes (Herbst R, et all. 2008). 

Lung cancer includes growth and uncontrolled complications of the cells in the 

lung tissue that caused by changes in certain genes. These changes enable cells to grow 

and divide in an uncontrollable way, they can form a tumor. In almost all cases of lung 

cancer, The genetic changes are obtained during a person's lifetime, and they are found 

only in certain lung cells.  

Cancers occur by the accumulation of genetic mutations in critical genes. 

especially, those that control cell division, growth and cellular processes or repair 

damaged DNA. These changes, known as somatic mutations are not inherited. These 

mutations have been found in many different genes in lung cancer cells. In some cases, 

the genetic mutations may be inherited from one parent. Although most patients with lung 

cancer, the genetic mutation develops due to environmental exposure to carcinogens. 

Somatic mutations are not inherited at birth, but are genetic changes that are 

acquired during a person's life. Including changes resulting from environmental factors, 

an example is the damage caused by exposure to tobacco smoke.  

Inherited gene mutations, if a gene mutation is inherited from an affected parent 

by the disease, It is believed to follow an autosomal dominant genotype. It is meaning that 

only one parent needs to carry a gene mutation, where one copy of the gene is enough to 
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increase the risk of the carcinogenesis. However, it is worth mentioning,  that not all 

persons who inherit a genetic mutation of lung cancer will suffer from the disease. It is 

believed to be linked to the relevant environmental factors that affect carcinogenesis. 

The two most common gene mutations that are linked to lung cancer, EGFR and 

KRAS. The mutations in the EGFR and KRAS genes are estimated to be available in up to 

half of all lung cancer cases, other genes  may also play a role. The EGFR and KRAS genes 

provide all the instructions needed to make the proteins that is implanted into the cell 

membrane. When these proteins are activated by linking to other molecules, signaling 

pathways within the cells are also activated, which in turn promotes cell growth and 

proliferation. 

These genes mutations cause protein production that turns continuously 

(constitutively activated). This leads to cells are signaled to constantly rapid division, 

which results in tumor formation.  These genes mutations cause protein production that 

turns continuously (constitutively activated). This leads to cells are signaled to constantly 

rapid division, which results in tumor formation and development in the lung cells. 

As well as it has been found mutations in many other genes in a small proportion 

of cases. Mutations in many other genes have each been found in a small proportion of 

cases, Such as c-myc and Rb in small cell lung cancer and; whereas in non-small cell 

carcinoma, ras and p16 genes are responsible.  

In general, among the most important genes associated with lung cancer are ras 

(HRAS, KRAS, NRAS) and myc (N-myc, C-myc, L-myc) (Herbst R, et all. 2008). RAS 

mutations are more common in non-small cell lung cancer cases (Tobias J, et al., 2010). 
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Figure 1.2. Lung cancer Consortium incidence of single drive mutations (Kris MG, J Clin 

Oncol 2012). 

 

1.3. Lung Cancer Cell Lines 

There are three main approaches are available for study of cancers: fresh tumor 

tissues, cell cultures, and experimental animal models. tumor tissues are restricted in the 

quantity available for any individual tumor, contain amounts of varying and mostly 

unknown non-malignant cells, and there are restrictions on their acquisition, use and 

distribution. Inter-tumor variability, geographical and ethnic contrasts and varying 

pathologic criteria for classification add layers of complexity to their studies and compare 

data from various investigators. For these and other reasons, cancer cell lines have been 

widely used to study lung cancers.  

Lung cancer cell lines have made a significant contribution to lung cancer research 

and the medical discoveries being accelerated. The large number and diversity of lung 
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cancer cell lines and their large-scale availability to investigators all over the world have 

played a crucial role in the elucidating the molecular biology of lung cancer and of many 

translational applications. A systematic approach to initiating and characterizing cell lines 

has led to multiple cell lines (estimated at 300–400 lung cancer cell lines) from SCLC and 

NSCLC (Gazdar A, 2010). 

 The ready availability and widespread dissemination of the lines to investigators 

and used by the scientific community worldwide have resulted in tens of thousands of 

citations, including multiple examples of important biomedical discoveries. 

1.3.1. The Human Lung Cancer A549 Cell Line 

A549 cell line origin, the A549 cell line was first developed in 1972 by D.J. Giard, 

et al., by the removal and culturing of cancerous lung tissue in the explanted tumor of a 

caucasian male 58 years old. A549 cells are adenocarcinomic human alveolar basal 

epithelial cells and grow adherently as a monolayer, where attaching to the culture flask 

in vitro. (A549.com, 2012; Giard D, 1973). 

 A549 cell line is hypotriploid with a modal number of chromosome at 66, This 

modal number happens in 24% of cells. Modal numbers of 64 and 67 are comparatively 

common with higher ploidies happening at an infrequent rate (0.4%). 

A549 cells are squamous in nature, positive for keratin, and are responsible for the 

dispersion of materials such as water and electrolytes across the lung alveolus. These cells 

can synthesize the lecithin and contain a high level of unsaturated fatty acids, which are 

essential to keep up the phospholipids of membranes in cells (A549.com, 2012).  

A549 cells have been well described over the years and these cells are widely used 

as a transfection host and as an in vitro model for a type II pulmonary alveolar epithelium 

cell model in drug-metabolism research and other (abcam.com, 2016; ATCC.org, 2016). 
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1.3.2. The Human Lung Cancer NCI-H441 Cell Line 

The NCI-H441 cell line was originally derived in 1982 from the pericardial fluid 

of a patient male with papillary adenocarcinoma of the lung by A.F. Gazdar, M. Brower 

and D. Carney and associates. NCI-H441 cell line exhibits an epithelial cellular 

morphology and expresses mRNA and protein of the major surfactant apoprotein (SP-A). 

And the cell line has been used as a transfection host for expression of pulmonary 

surfactant protein (SP-B).  

Electron microscopy shows multilamellar bodies and cytoplasmic structures 

resembling clara cell granules. The cells can be cloned in soft agar with or without serum 

(Tamura T, 1996)( Yamaguchi Y, et al. 1996). 

1.4. KRAS Gene 

KRAS (K-ras or Ki-ras), a Kirsten ras oncogene homolog from the mammalian 

RAS gene family. This gene is proto-oncogene that corresponds to the oncogene first 

identified in Kirsten rat sarcoma virus (Ki-SV) (Tsuchida N et al., 1982). The KRAS gene 

encodes a small membrane-bound 21-kDa guanosine triphosphate (GTP)-binding protein 

called p21 (Schubbert S et al., 2007). KRAS is located at chromosome 12p12.1, spans 

approximately 38 kb, and encodes a 188–amino acid residue (Malumbres M et al., 2003).  

Figure 1.3. KRAS Gene, Molecular Location. (Homo sapiens Annotation Release 108, 

GRCh38.p7) (NCBI). 
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KRAS binds growth-promotion signals from the cell surface to the nucleus. It is a 

member of the Ras gene family together with HRAS and NRAS.  RAS genes were the first 

human oncogenes to be identified. The RAS proteins all are regulated in the same manner 

and appear to differ in their locations within the cell. (Tsuchida N et al., 2016). These 

proteins play important roles in cell division, differentiation, and apoptosis. KRAS 

involved in the regulation of the cellular response to many extracellular stimuli.  

The KRAS is an important player in signal transduction cascades initiated by 

binding of the epidermal growth factor receptor (EGFR), insulin-like growth factor (IGF), 

and Hepatocyte growth factor (HGF) to their receptors (Graziani A et al., 1993). KRAS is 

a downstream component of the EGFR signaling network. EGFR regulates cell 

proliferation and apoptosis associated with cancer and tumor-induced neoangiogenesis ( 

Normanno N et al., 2009). 

 

Figure 1.4. The Principal KRAS Interaction Pathways. Summary of the Most Important 

Interactions Between KRAS and Different Genes (Niki K et al., 2012). 
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The KRAS gene gives instructions to making the KRAS protein, which is primarily 

involved in the regulation of cell division and proliferation. The normal KRAS protein 

provides a substantial function in normal tissue signaling. This protein regulates the 

different signaling pathways, mainly RAF/MEK/ERK, PI3K/AKT/mTOR and 

JAK/STAT3. 

The KRAS protein acts as a molecular on/off switch, using protein dynamics. To 

transmit signals, the KRAS protein must be turned on by attaching (binding) to a molecule 

of GTP. KRAS is turned on and off by the GTP and GDP molecules. The KRAS protein 

is a GTPase, that means it converts a molecule GTP into another molecule GDP. KRAS 

binds to GTP in its active state. It also has an essential enzymatic activity that eliminates 

the terminal phosphate of the nucleotide and converts it to GDP.  When the KRAS protein 

converts the GTP to GDP, KRAS protein is deactivated (turned off). If the KRAS  protein 

is bound to GDP, it does not relay signals to the cell's nucleus. GTP-bound KRAS can 

interact with more than 20 effector proteins (including RAS, PI3-K and RalGDS).  

 Once it is initially activated, it activates proteins needed to spread growth factors 

and other cell signaling receptors like PI 3-kinase and c-Raf (Yun J et al., 2009). 

1.5.  KRAS Mutations in Lung Cancer 

The KRAS oncogene is crucially involved in human cancer, where the normal 

KRAS protein performs a fundamental function in normal tissue signaling, and the KRAS 

gene mutation is an essential and important step in the development of many cancers 

(Kranenburg O, 2005).  

Most lung cancers are caused by the accumulation of genomic alterations and the 

KRAS gene mutations are frequently found in different human cancers and involved in 

various malignancies, such as lung cancers, pancreas, large intestine, and biliary tract. 

There are distinct KRAS mutational profiles associated with specific cancers such as 

pancreas, colorectal and lung cancers (Porta M et al, 2009).  
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The KRAS mutations were observed in 30-50% of colorectal cancers, 90% of 

pancreatic cancers and about 5% of head and neck tumors (Langer C. 2012,  Bissada, E et 

al. 2013). The KRAS mutations are the most common molecular abnormalities found in 

one out of four non-small cell lung cancers (NSCLCs) and the most frequent driver 

mutation in patients with NSCLC and confers a poor prognosis. 

KRAS mutations are found in ∼25% of newly diag-nosed NSCLC (mostly 

adenocarcinoma) and was first discovered more than 3 decades ago. KRAS mutations are 

uncommon in lung squamous cell carcinoma (Karnoub A et al., 2008).  

In many meta-analysis, KRAS mutations led to a 30% relative mortality over-risk 

(Mascaux C et al., 2005; Meng D et al., 2013). In most cases, the KRAS mutations are 

found in tumors wild type for EGFR or ALK; in other words, KRAS mutations are non-

overlapping with other oncogenic mutations present in NSCLC. For this reason, this 

mutation identifies a distinct molecular subset of the disease. 

More generally in human cancers, The mutant RAS genes encode mutated proteins, 

which harbor single amino acid replacements primarily at residues G12, G13, or Q61 

(Riely G et al, 2008). In lung cancer, more than 97% of KRAS mutant cases affect exon 2 

and 3, where the KRAS mutations occur frequently at codons 12 or 13 from exon 2 and 

less frequently at codon 61 (Tabin C et al, 1982; Brose M et al, 2002).   

In the majority of cases, these mutations are missense mutations that introduce an 

amino acid substitution. These mutations result in the constitutive activation of KRAS 

signaling pathways. These mutations disrupt the intrinsic GTPase activity of KRAS and 

provide resistance to GTPase activators, thus causing KRAS to accumulate in its active 

guanosine triphosphate (GTP)-bound state, that sustains the activation of KRAS signaling 

(Trahey M et al, 1987). 

Among KRAS mutations, G12C, G12V, G12D, G12A and other G12 and G13 

mutations are diagnosed (Dogan S et al, 2012). The most common mutation observed in 

lung cancer is G12C,  approximately accounts for 42 % of total mutations and is associated 

with exposure to tobacco (Prior I et al, 2012). followed by G12V (21%), G12D (17%), 
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G12A (10%), other G12 and G13 (12%) of total mutations (Forbes S et al, 2011; Garassino 

M et al, 2011). It appears that tobacco smoke causes certain types of KRAS mutations and 

type of KRAS mutation is related to prior smoking history, G12C is the most frequent 

mutation among former and current smokers. While the most common KRAS mutation in 

never-smokers is G12D. The incidence of KRAS mutations in smokers  ∼25–35% and 

only 5% in non-smokers (Mao C et al, 2010; Dearden S et al, 2013). 

It is worth mentioning that KRAS mutations at G12C and G12V have a worse 

clinical outcome, perhaps because of their ability to engage in multiple down-stream 

effectors including the RAL pathway. In contrast, the G12D mutant protein usually 

activates the RAF/MAPK and PI3K pathways (Ihle N et al, 2012). As for codon 61 mutant, 

are more severely deficient in essential GTPase activity and thus may have increased 

activity compared to modifications at codons 12 and 13 (Stephen A et al, 2014).  

 

Figure 1. 5. KRAS mutations in lung cancer, (A) Frequency of KRAS mutations in patients 

with NSCLC (COSMIC, 2012). (B) The most frequently amino acid substitution-specific 

mutation of KRAS in lung cancer (Dogan S et al, 2012). 

Regardless of the location of the mutation, the KRAS mutations lead to the loss of 

GTPase activity making this onco-protein essentially active and activates a series of 

downstream pathways including the AKT-PI3K-MTOR and RAF-MEK-ERK (MAPK) 
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signaling pathways. Until the present, efforts to inhibit KRAS have focused primarily on 

targeting these two signaling pathways. 

The KRAS mutations are associated with special pathologic and clinical 

characteristics, and varies according to tumor histology, smoking history and ethnicity, 

where their incidence increases in cases of adenocarcinoma, smokers and Caucasian 

patients. (Okudela K et al, 2010). KRAS mutations occur more intensively in lung 

adenocarcinomas (approximately 20-30%) and they are rarely found in squamous 

histology tumors(approximately 5%) (Roberts P et al, 2010).   

There are ethnic differences that play an important role in relation to the 

occurrence of KRAS mutations, the  KRAS mutations are ethnicity driven, because they 

are found in only ∼10% of Asian patients (Dearden S et al, 2013). These mutations more 

commonly affect whites, with a frequency of 25-50% versus 5-15% of Asian (Okudela K 

et al, 2010). 

The role of KRAS mutation as either a prognostic or predictive factor in NSCLC is 

completely unknown. Their negative value for both prognosis and responsiveness to both 

standard chemotherapy and targeted therapies Targeted therapies are still under 

discussion. However, the KRAS mutations are negative predictors of radiographic 

response to the EGFR tyrosine kinase inhibitors, erlotinib and gefitinib (Riely G and 

Ladanyi M, 2008; Riely G et al, 2009). 

 Although, in colorectal carcinomas, an important number of studies attest to the 

value of KRAS mutational status as a predictive and prognostic value, the role of KRAS 

mutations in NSCLC is much less obvious. Tumour stage might interfere with the 

prognostic interpretation of KRAS mutations (Yu H et al, 2015). Some retrospective data 

suggest that KRAS mutations might present a negative predictive role of responsiveness 

to chemotherapy (Macerelli M et al, 2014). Currently, there are no direct anti-KRAS 

therapies available. 
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1.6. The PI3K/AKT/mTOR Pathway 

The RAS/PI3K/AKT/mTOR pathway is a series of proteins that activate and 

deactivate each other. This pathway is responsible for receiving signals from the cell 

surface and processing them inside the cell, and then sending the right messages to the 

nucleus. The PI3K/AKT/mTOR pathway is an intracellular signaling pathway that is 

significant in controlling the cell cycle.  

Therefore, it is linked directly to cellular tranquility, proliferation,  carcinogenesis, 

and survival.There are several known factors that promote The PI3K/AKT/mTOR 

pathway including EGF (Ojeda L et al., 2011),  Sonic hedgehog (SHH), IGF-1 (Peltier J 

et al., 2007), insulin (Rafalski V et al., 2011), and CaM (Man H et al., 2003). The pathway 

is antagonized by different factors including PTEN (Wyatt L et al., 2014), GSK3B (Peltier 

J et al., 2007), and HB9 (Ojeda L et al., 2011). 

PI3K/Akt/mTOR are important kinases activated by several cellular stimuli and 

regulate essential cellular functions including proliferation, growth,  transcription, 

translation and survival. The PI3K/Akt pathway is a main regulator of survival during 

cellular stress (Datta S et al., 1999). Activation of PI3K phosphorylates and activates the 

AKT and localizing it in the plasma membrane (King D et al., 2015). 

AKT can have a number of downstream effects such as activation of CREB (Peltier 

J et al., 2007), inhibiting p27, localizing FOXO in the cytoplasm (Rafalski V et al., 2011), 

activating PtdIns-3ps (Man H et al., 2003), and activating mTOR which can affect 

transcription of p70 or 4EBP1 (Rafalski V et al., 2011). 

The PI3K/AKT/mTOR pathway signaling starts by the linking of extracellular 

growth factors to transmembrane receptor tyrosine kinases (RTKs), including EGFR, 

IGFRs, HER2, vascular endothelial growth factor receptor, and VEGF receptors. When 

ligand binding, the RTKs is activated and recruits PI3K to the plasma membrane. There 

are three classes of PI3Ks, and the O3 PI3K class is the most frequently implicated in 

human cancer. 
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It all begins when the part of the receptor on the outside of the cell detects a factor 

“growth factor”, attachment of growth factor to the receptor causes the receptor to be 

switched into its “on” state, Just like turning on the light switch. When that happens,  the 

deactivated PI3K binds to the part of the receptor inside the cell and be switched “on”. 

After that, the activated PI3K moves to PIP2 protein in the cell. PI3K adds another 

phosphorus group to PIP2 and converts it to PIP3, PIP3 activates the Akt protein that has 

two main functions: encourage protein synthesis and stop natural cell death. AKT stops 

cell death by inactivating the FOXO and BAX proteins.  

The PI3K/AKT/mTOR pathway in cancer, Several studies have linked errors in 

the PI3K/AKT/mTOR pathway to carcinogenesis. The pathway is very important to cell 

growth, survival, and natural death. The unstable activation of the PI3K/AKT pathway is 

associated with many human malignancies. Thus, it is an important target for the 

development of potential anti-tumor agents (Porta C et al., 2009). 

 In many types of cancer, this pathway is overactive, which allows proliferation 

and reduces apoptosis. This pathway is necessary to promote proliferation and growth 

over the adult stem cells differentiation, specifically neural stem cells (Peltier J et al., 

2007).  

Non-regulation and crosstalk of signaling pathways play a key role in lung cancer 

tumorigenesis. PI3K/AKT/mTOR signaling is activated in a large proportion of NSCLC 

(Papadimitrakopoulou V et al., 2012). For instance, change of its upstream regulators, 

such as activating KRAS mutations (8–21% of NSCLC) and  EGFR mutations (10–20% 

of NSCLC), can lead to constitutive stimulation of the cascade. 

 Between the components of the pathway, studies have indicated that 

phosphorylated AKT was observed in most NSCLC samples (50–73%) and was 

associated with poor prognosis (Tsurutani J et al., 2006). Furthermore, PI3KCA and 

AKT1 mutations were observed in 2-5% and 1-2% of NSCLC, consecutively. 
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1.7. The Ras/Raf/MEK/ERK Pathway 

The Ras-Raf-MEK-ERK pathway (also known as the MAPK/ERK pathway) is a 

chain of proteins in the cell which transmits a signal from a receptor on the cell surface to 

the DNA in the cell nucleus. Mitogen-activated protein kinase (MAPK) cascades are 

major signaling pathways involved in the regulation of normal cell proliferation, 

differentiation, survival and so on. 

This chain of proteins, from RAS to ERK, communicates signals from cell-surface 

receptors to transcription factors, which regulate gene expression and produce an 

appropriate biological response (Chung E et al., 2011).  

ERK cascades reaction can be activated by different stimuli, such as G-protein-

coupled receptors (GPCRs) and receptor tyrosine kinase (RTK). The signal starts when a 

signaling molecule links to the receptor on the cell surface and ends when the DNA in the 

nucleus expresses a protein and results in some cell alterations, such as cell division. 

In the RAS signaling cascade, the correlation of either GTP or GDP to RAS acts 

as the “on” or “off” switch for RAS signaling Consecutively. The ERK makes a lot of 

changes in gene expression by transcription factors that control and regulate the 

proliferation, cell cycle progression, protein synthesis, metabolism, differentiation, 

senescence, cell migration, invasion and cell survival. In addition, this cascades also 

regulates the activity of many proteins that contribute to apoptosis (Huynh H et al., 2003). 

In short, the process involves the following: i) RAS, a family of GTPases that act 

as molecular switches, recruits and activates the downstream protein kinase RAF; ii) RAF 

serine/threonine protein kinase promotes MEK1/2 (The dominant substrates of RAF 

kinases are the MAPK/ERK kinases, MEK1 and MEK2) dual-specificity protein kinase 

and the activation of ERK1/2; and iii) ERK is a downstream component that is activated 

by the Raf serine/threonine kinases, activated ERK1/2 phosphorylated several substrates 

and regulate different transcription factors, leading to different gene expression (Zhang Z 

et al., 2009). 
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In normal cells, Ras is predominantly GDP-bound and inactive unless an 

extracellular stimuli results in formation of an active GTP-bound molecule. RAS is 

inactivated after that by hydrolysis of its GTP to GDP through the function of GTPase-

activating proteins (GAPs). In the case of mutation, its essential GTPase activity is lost 

and GAPs becomes unable to bind RAS Leading to RAS primarily bound to GTP and thus 

essentially activated (Vasan N et al., 2014). 

The activation of Raf mutations in human cancers supports the significant role of 

these pathways in human oncogenesis. In addition, the Raf-MEK-ERK pathway is a major 

downstream influence of the Ras small GTPase, the most frequently mutated oncogene in 

human cancers. Unregulated Ras-signaling in these pathways causes increased 

proliferation, decreased apoptosis, disrupted cellular metabolism, and increased 

angiogenesis that in turn leads to tumor cell proliferation (Vasan N et al., 2014). 

Accordingly, abnormal regulation of MAPK cascades involved in cancer and other human 

diseases. 

Different mechanisms can activate the Ras/Raf/MEK/ERK cascade in cancer cells: 

i) ectopic chromosome, such as BCR-ABL; ii) the cytokine mutations, such as  FMS, KIT 

and FLT3; and iii) overexpression of normal or mutant receptors, such as EGFR. 

The RAS-RAF-MEK-ERK Signaling Cascade in NSCLC, the KRAS mutations in 

lung cancer occur mainly at codon 12 or 13, This makes the protein GAP insensitive and 

essential GTP-bound leads to the activation of downstream effectors.  

In the normal cells, activation of the KRAS protein by binding of GTP and 

translocation to the plasma membrane is a very regulated process. However, in NSCLC, 

the mutated KRAS protein at codons 12, 13, and 61 disables the activity of its essential 

GTPase leading to constitutive KRAS activation. Mutant KRAS can induce tumorigenesis 

by various downstream signaling pathways. 

Generally, activation of ERK leads to cells acquire many of the distinctive features 

of cancer, and targeting the pathway that is considered an appropriate option to overcome 

the malignant phenotype. In particular, the extracellular signal-regulated kinase (ERKs) 
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pathways have been the subject of intensive research leading to the production and 

development of pharmacologic inhibitors for the cancer treatment. 

 

Figure 1.6. The Ras/Raf/MEK/ERK and PI3K/AKT/mTOR signaling pathways and 

cellular effects. 
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1.8. The miRNA Let-7 and the KRAS 3'-UTR LCS6 

MicroRNAs (miRNAs) are a group of small non-coding single-chain RNA 

molecules (20-23 nucleotides in length). These molecules regulate gene expression levels 

and the majority of cellular functions by controlling both physiological and pathological 

processes such as normal cell growth and cancer (Bartel D., 2004).  

miRNAs have been predicted to control the activity of nearly 30% of all protein-

coding genes in mammals and appear to play a regulatory role in nearly every cellular 

process  (Baek D et al., 2008). miRNAs are active molecules in the cancer pathways. 

These regulatory effects are usually accomplished by linking to the 3 'UTR regions 

(Three prime untranslated region) of the target genes. The miRNA-targeted regions are 

generally 3'-UTR regions. Where miRNA targets this region and associated with it and 

plays an important role in the up and down-regulation of genes.  

One of the first miRNAs identified is Let-7 family, which has been shown to have 

tumor suppressor activity and to change their expression in various cancers. (Dahiya N et 

al. 2008, O'Hara A et al. 2009). The Let-7 family (Let–7 a,-7b, -7d, -7e, -7f , -7g, ve -7i) 

is one of the most important miRNAs, where Let-7 showed low expression in various 

types of cancer (Takamizawa J et al., 2004). It has been found that the level of Let-7 

expression is decreased in aggressive high-grade serous ovarian cancer (Helland A et al., 

2011). On the other side, it has been shown to inhibit tumor growth when the expression 

level increases (Park S et al., 2007). 

 The decreased expression of Let-7 in lung cancer has been reported to reduce 

survival (Takamizawa J et al., 2004). Indeed, over-expression of let-7 inhibits Ras protein 

expression (Johnson S et al., 2005), and suppresses cell proliferation in lung cancer both 

“in vitro” and “in vivo (Johnson C et al., 2007). Moreover, experimental studies have 

reported that the null genotype of miRNA Let-7 disrupts the development of the organism 

(Reinhart B et al., 2000). 

 These findings suggest that, miRNA let-7 can be considered a vital structure for 

organism growth and  functioning as a tumor suppressor gene. 
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Recent studies have shown that Let-7 (Let-7c) is suppressed in prostate cancer, 

and Let-7c may be a therapeutic target (Nadiminty N et al., 2012). Similarly, Let-7 

overexpression has been reported to inhibit tumor formation and development in prostate 

cancer (Liu C et al., 2012).  

Furthermore, while the basic molecular mechanism is not yet known, miRNAs 

have been shown to be effective in chemotherapeutic resistance (Majumder S et al., 2011; 

Kutanzi K et al., 2011; Nishida N et al., 2012), progression and metastasis in cancers 

(Nishida N et al., 2012; Sreekumar R et al., 2011; Png et al., 2012). In another study, it 

was reported that overexpression of miRNA Let-7f in gastric cancer, suppresses invasion 

and metastasis of gastric cancer cells (Liang S et al., 2011). 

Lin28 is an important gene for the proliferation of CSCs and for the miRNA Let-

7 maturation process. The maturing miRNA Let-7 regulates Lin28 expression. Lin28 

expression also affects the tumor progression by reducing the amount of miRNA Let-7 

(Oh S et al., 2010).  

In esophageal cancer, when Lin28 expression level is high, the Let-7 expression 

level is low. As a result, increasing the aggressiveness of esophageal cancer and causing 

bad prognosis (Hamano R et al., 2012). For this reason, it has been reported that high 

Lin28 expression may be a prognostic marker (Hamano R et al., 2012). 

On the other hand, a decrease in the Let-7 expression  leads to an increase in the 

IL-6 expression level, whereas IL-6 accelerates the epithelial mesenchymal transition 

(EMT). This process leads to the initiation and progression of cancer invasion and 

metastasis. The 3'-UTR region of the IL-6 gene is also one of the many target regions of 

Let-7 miRNA. Once the Let-7 miRNA binds to this region, IL-6 is direct controlled 

(Zhang  H et al., 2010). 

In another pathway, Let-7 indirectly suppresses IL-6 via  RAS and NF-κB pathway 

(Figure 1.7). In vivo studies have shown that IL-6 accelerates tumor development, 

epithelial-mesenchimal transit (EMT) and metastasis development on the JAK/STAT3 

pathway (Dimitrios I et al., 2009). 
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Figure 1.7. Some target genes of miRNA Let-7, the effective pathway on Let-7 control 

and metastasis. presented in a modified form taken from Zhang et al. (2010), Yadav et al. 

(2011) (Acar H et al., TUBITAK proje #: 112S498) 

In addition to the Let-7 / Lin28 / IL-6 pathway, one of the most important 

metastatic pathways in cancer is the RAS/CMYC pathway (Figure 1.7). The effect of 

miRNA Let-7 on RAS, Lin28, IL-6 and MYC genes is an important junction in 

tumorigenesis and metastasis process. IL-6 has been shown to play an important role both 

in the progression and metastasis of head and neck cancer (Yadav A et al. 2011).  

There are reports that the changes in genes encoding molecules in these pathways 

are important in tumor formation, progression, metastasis and treatment resistance. 

Recent studies in the literature suggest that single nucleotide polymorphisms 

(SNPs) in the 3'-UTR region of the RAS gene regulated by miRNA Let-7 and Let-7 in 

non-small cell lung cancer has an effect on the development of treatment resistance and 
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increased metastasis (Chin J et al. 2008). However, the mechanisms are not yet fully 

understood. 

In another similar clinical trial, it has been reported that SNPs in the Lin28 gene 

may be effective in cancer progression (Permuth-Wey J et al. 2011). In addition, Chen X 

et al. 2011a reported that the T/C variants of rs3811463 in the 3'-UTR region of the Lin28 

gene ahas an active role in the carcinogenesis and disruption of regulation by influencing 

the formation of the Let-7/Lin28 loop. 

Lin28 actively regulates Let-7 maturation (at the pre-miRNA level), while mature 

miRNA Let-7 also regulates Lin28. Let-7 regulation is provided by 107 miRNA. This is 

directly associated with cancer initiation and metastasis (Chen S et al., 2011b). 

It is known that miRNA Let-7 represses the KRAS gene and binds it to regions of 

the let-7 complementary sites (LCSs) in the 3'UTR region of the genome (Johnson M  et 

al., 2005). Chin et al. (2008), have shown that LCSs SNPs in the KRAS 3'UTR region 

increase cancer risk (Chin J al., 2008).  

In addition, in non-small cell lung cancer and breast cancer, it has been shown the 

T>G variants of (rs61764370) attenuates miRNA Let-7 binding in the KRAS 3'-UTR 

LCS6, resulting in an increase in KRAS expression and a decrease in Let-7 level (Chin, 

Ratner et al 2008, Paranjape, Heneghan et al., 2011). 

In another study conducted with colorectal cancer cell lines, it was noted that this 

change did not affect KRAS expression, but reduced the level of Let-7 (Crowley H et al.)  

  



   24 
 

1.9. Hypothesis and Objectives of Study 

KRAS mutations occur in about 20% of all human cancers, specifically spread in 

pancreatic adenocarcinoma (PDAC,90%), colorectal cancer (40%) and lung cancer 

(NSCLC,25%). KRAS gene is one of the generally mutated oncogenes in the lung cancer, 

mutations often occur in codons 12 and 13, and much less in codon 61.  

Studies have shown that the single-nucleotide polymorphism (SNP) in the KRAS 

3'UTR region may function as genetic markers of cancer risk. It has been proven that LCS-

SNP in KRAS 3'-UTR correlate with cancer risk, prognosis, and drug efficacy. 

In recent years, thousands of microRNAs (miRNAs) have been demonstrated in 

signal transduction studies that have important roles in regulating the expression of genes.  

miRNAs affect target genes by binding to the promoter and, in general, to the 3'-

UTR regions. Mutations that occur in miRNA's sequences or target sequences disrupt the 

regulation of expression of target genes.  

The let-7 is a family of microRNAs that suppress the tumor and are repeatedly 

suppressed in solid tumors due to its ability to inhibit cellular proliferation and 

transformation, the human let-7 microRNAs are significantly involved in differentiation 

and proliferation of cells through growth by negatively regulate and targeting a large 

number of oncogenes such as Ras-family, miRNAs Let-7 expression is considerably lost 

in various cancers,  especially lung and Pancreatic adenocarcinoma. One of the target 

sequences of miRNA Let-7 complementary site within the 3'untranslated region of KRAS 

gene (LCS6 sequence). The LCS6 mutation may lead to metastases, development of 

cancer, relapse and treatment resistance in many cancers. Reduced let-7 expression is also 

associated with poor prognosis in lung cancer. At the same time, it results in the decrease 

of the survival rate. However, the mechanisms of these effects are not known yet. 

The purpose of the project is to investigate the relationship between metastasis and 

KRAS genotype targeted by Let-7 miRNA in the metastatic pathway of lung cancer. As 

well as study 3′UTR LCS6 mutation effects on PI3K/AKT/mTOR and MAPK/ERK 

pathways, cell proliferation, migration and invasion in lung cancer. 
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2. MATERIALS AND METHODS 

2.1.  Cells, Cell Culture and Storage 

In the project, NSCLCs cancer cell lines were used, non-cancerous cells were also 

used as control. The cell lines used were obtained from (ATCC, UK). 

NCI-H441 cell line from lung carcinoma, A549 cell line from lung metastatic 

cancer and the human healthy lung epithelial cell line BEAS-2B were obtained. 

In addition, amphotropic retroviral packaging cell line 2A (CRL 12013) was used 

to obtain viruses in viral transfection of human-derived cells. This cell line was obtained 

from University of Michigan (Professor Thomas E. Carey). 

These cells were cultured in different flasks using the DMEM medium 

(Biochrome, Germany, Invitrogen, USA) and in RPMI 1640 (Gibco® - Invitrogen, USA) 

containing 10% FBS (Fetal Bovine Serum) (Biochrome, Invitrogen, USA) and 1% 

penicillin / streptomycin (100 U/ml penicillin and 100 μg/ml streptomycin) (Biochrome, 

Germany; Invitrogen, USA). Passing of cultures and stocking were performed. 

2.2.  Design and Construction of Expression Plasmid Constructs Containing the 

Coding Sequence (CDS) of the KRAS Gene and the 3'-UTR Sequence 

This part of present project were implemented by the TÜBİTAK project # 112S498  

(Project Manager Prof. Dr. Hasan ACAR). 

Another step of the project, construction of plasmid constructs containing the 

KRAS gene. The aim was to clone the 3'-UTR and CDS sequences (coding DNA 

sequencing), where it is the amino acid encoding region of the KRAS gene in different 

cells (Annex -1). For this; 

1. Construction of CDS region G12V mutant and 3'-UTR region normal plasmid 

construct of the KRAS gene (KRAS-CDSm-LCS6n). 
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2. Construction of CDS region G12V mutant and  3'-UTR region mutant plasmid 

construct of the KRAS gene (KRAS-CDSm-LCS6m). 

In order to construct these structures, total RNA isolation, cDNA synthesis from 

total RNA, design of specific primers and PCR procedures were performed. 

2.2.1 Total RNA Isolation 

cDNA was obtained after total RNA isolation for construction of KRAS plasmid 

constructs, NCI-H441, A549 and BEAS-2B cell lines were used for cDNA synthesis.  

For this reason, as described above, cells were cultured in T25 flasks, and then 

TRIzol® (Invitrogen, USA) and spin-column (Vivantis, Malaysia; Fermantas, Lithuania; 

Roche, Germany) systems were used for total RNA extraction. 

The cells were then centrifuged, The cells were then washed twice by PBS. 1000 

μl TRIzol® (Invitrogen, USA, # 15596-026) was then added and pipetted up and down to 

ensure mixing. The cell/TRizol suspension was transferred to a 1.5 mL-Eppendorf tube. 

Subsequently, 200 μL of chloroform (CHCl3) was added to all samples, Tubes were 

shaken gently by inverting the tubes 10 times, and the samples were left for 5 minutes at 

room temperature. The TRizol/CHCl3 mixture was centrifuged at 14000 ×g for 15 

minutes at 4 °C. 

The aqueous phase containing the RNA was transferred to a new 1.5 ml Eppendorf 

tube. After that, for each 90 μl of the mix 10 μl DNase-I (available in kit) was added and 

incubated for 20 min. 200 μl of isopropanol was added to the RNA mix and and vortexed, 

the tubes are left at room temperature for 10 minutes and centrifuged at 14000 ×g for 15 

minutes at 4 °C. 

After centrifugation, the supernatant was removed and 1 ml of 70% ethanol was 

added to the cell pellete,  and centrifuged again at 14000 ×g for 5 minutes at 4 °C. At the 

end of the period, the supernatant was completely removed and the RNA pellet was 

allowed to dry. After removal of the ethanol, the RNA pellet was reconstituted in 50 μl 

ddH2O, and incubated at 55°C for 10 min. 
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In addition, total RNA isolation by spin-column method was performed according 

to the isolation protocols of the manufacturers (Vivantis, Malaysia; Thermo-Fermantas, 

USA; Roche, Germany; Qiagen, USA). 

2.2.2.  cDNA Synthesis 

In order to clone the coding (CDS) and 3'-UTR regions of the targeted KRAS gene, 

the concentration of total RNA extracted from each method was measured by 

spectrophotometer (ACTGene, USA). For quality control, total RNA was loaded in 1% 

agarose gel, electrophoresed, 18S and 28S major RNA bands were seen. 

The isolated RNA was used directly for cDNA synthesis  or was stored at -86°C 

in freezer until used. cDNA synthesis from total RNA was performed using Viva 2-step 

RT-PCR kits according to manufacturers' protocols (Vivantis, Malaysia; Thermo, USA; 

Roche, Germany; Qiagen, USA). 

For this, each tube contained the following; 

 1 μg RNA, 

 1 μl (final concentration 2.5 μM) oligo (dT) 18 primer, 

 1 μl 10 mM dNTP mix, 

 ddH2O was added to complete 10 µl vol, and incubated for 10 min at 65°C for 

denaturation. At the end of the period, the following has been added to the mix; 

 4 μl 5 × RT buffer, 

 20 units of RNase inhibitor, 

 10 units of reverse transcriptase enzyme was added and the mixture was stirred 

slowly. 

for cDNA synthesis, the mix was incubated at 42 C for 60 min. At the end of the 

period, for enzyme inactivation, incubated at 85 C for 5 minutes. Synthesized cDNA was 

aliquoted and stored at -20°C until use. 
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2.2.3. Primer Design for the KRAS Gene 

Primers were designed using the Integrated DNA Technology (IDT) PrimerQuest 

online program (www.idtdna.com) to clone the KRAS gene. Designed primers were 

synthesized by Biomers Inc. (Ulm, Germany). 

When the primers were designed, the NheI restriction enzyme was used to forward 

primer in amplification of the CDS region, and the XhoI restriction enzyme cleavage 

sequence was used for reverse primer in amplification of the 3'-UTR region.  

To combine the CDS and UTR regions, The primer design was carried out taking 

into consideration the SalI restriction enzyme cleavage site, that is common cut point of 

the 3' region of CDS and the 5' region of UTR. 

The queuing operation was performed in the 3'-UTR region following the stop 

kodon to avoid the occurrence of changes in the sequence of amino acids. 

2.2.4. PCR Amplification of KRAS CDS and 3'-UTR LCS6 

In order to construction of CDS G12V region mutant and 3'-UTR LCS6 region 

normal plasmid construct of the KRAS gene (KRAS-CDSm-LCS6n), and construction of 

CDS G12V region mutant and 3'-UTR LCS6 region mutant plasmid construct of the 

KRAS gene (KRAS-CDSm-LCS6m). 

The target sequences from the resulting cDNAs were amplified by PCR using 

appropriate primers (Annex-2). 

The final volume of PCR mix was 30 µL according to PCR protocol as follows: 

 1,5 mM Mg++, 

 200 μM dNTP, 

 10 pmol primer mix, 

 100 ng cDNA, 

 0.5 units of Taq polymerase were prepared. 

The PCR conditions were as follows; 
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PCR products were run on 0.5% agarose gel electrophoresis. For optimization, 

different primer binding temperatures, MgCl2 concentrations, long template PCR Taq Pol 

(Vivantis, Malesia; Roche, Germany; Qiagen, USA; NEB, USA) enzymes and primer 

concentrations were tried. 

Alternative methods were used for all parameters such as The enzyme, which may 

effect on PCR conditions, primer structure, MgCl2 concentration, primer binding time, 

the polymerization time. As a result of these applications, approximately 5113 base-pair 

specific PCR products containing the miRNA Let-7 binding site of the 3'-UTR from the 

ATG start codon of the CDS sequence of the KRAS gene could not be obtained. 

Due to the inability to obtain any specific results of this region by PCR, according 

to B-plan, the CDS and 3'-UTR regions of the KRAS gene were separately obtained and 

assembled. Therefore, primer designs were separately performed for the CDS and 3'-UTR 

regions of the KRAS gene (Including the LCS6 region that binds the Let-7 gene). 

 2.2.5. Obtain the CDS and 3'-UTR Sequences of KRAS Gene 

To obtain the normal CDS sequence of the KRAS gene, cDNAs were used as 

described in the above sections. On the other hand, the obtained plasmids (plasmid # 

13544; plasmid # 32003) from Addgene (Addgene, USA) were used for the G12V mutant 

(G12V) CDS of the KRAS gene and the 3'-UTR mutant LCS6 sequence. By amplifying 

these plasmids the target sequences were obtained. 
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 2.2.6. Culture of  Bacteria 

Plasmid # 13544 and plasmid # 32003 that obtained through commercially as stab 

culture from (Addgene, USA) were cultured on separate plates. Solid LB (Luria-Bertani) 

medium was prepared to produce specific bacterial colonies.  

Therefore, after the LB medium was prepared with 15 g/L of Bacto Tryptone agar, 

the mixtures were autoclaved. After autoclaving, the agar was cooled to 55 ° C and 

antibiotics (Ampicillin and/or Kanamycin etc.) were added at appropriate concentrations. 

After forming a homogeneous mixture, and the mixture was poured into sterile petri 

plates and allowed to solidify and the plates stored at +4°C until used. 

 2.2.7. Bacterial Colonies  

5 ml of LB medium with antibiotics were placed in 12-ml culture tubes. A single 

bacterial colony was taken from agar plates that were previously cultivated with a sterile 

stick and each tube was sterile inoculated. the tubes were then incubated for 8 hours 

approximately in the orbital shaking incubator at 37°C and 150-250 rpm. Antibiotic-free 

LB medium without any bacterial inoculation, as a negative control one of the tubes was 

incubated under equal conditions. After incubation, the tubes were checked for turbidity. 

As a result, the lack of bacterial growth in the control tubes and presence of bacterial 

growth (turbidity) in the culture tubes were evaluated as an indicator of success. 

At the end of mini-culture, the contents of the 12-ml culture tubes were transferred 

to 100-250 ml  flasks containing medium and antibiotic. then, the flasks containing 

bacteria culture were incubated for 15 hours in the shaking incubator (with 37°C and 150-

250 rpm). After incubation in the incubator, DNA plasmid was extracted. 

 2.2.8. Preparation of Bacterial Glycerol Stock 

200 μl of maxi culture was transferred to 2 ml of freezing tubes containing 800 μl 

of sterile glycerol, and it was mixed with glycerol. Subsequently, the tubes were arranged 

and placed for 5-10 minutes in a liquid nitrogen tank for rapid-freezing and then stored at 

-86°C. 
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2.2.9. Isolation of Bacterial Plasmid DNA 

Plasmids were extracted from the bacteria using GF-1 Plasmid DNA isolation kit 

(Vivantis, Malaysia). Before the process, plasmids were maintained at +4 or -20°C. It was 

noted in the spectrophotometer that the DNA concentration of the isolated samples was 

ranged between values of 260/280 and 1,8-2,0. 

 2.2.10. Reproduction of KRAS CDS and 3'-UTR Sequences by PCR 

PCR was performed to obtain the CDS and 3'-UTR sequences of the KRAS gene. 

Therefore, cDNA and plasmid DNAs previously obtained as described above were used 

as template DNA. According to the project's hypothesis, it was aimed to obtain 

combinations of CDS (G12V) mutant, 3'-UTR-LCS6 normal and CDS (G12V) mutant, 

3'-UTR-LCS6 mutant of KRAS gene. 

To amplify these structures, the final volume of the PCR mixture was 30 μl 

according to the PCR protocol, as follows; 

 1,5 mM Mg++ 

 200 μM dNTP mix, 

 10 pmol primer mix, 

 100 ng cDNA and 

 0.5 unit Taq polymerase enzyme was used. 

PCR was performed using the ABI-9600 Thermal-cycler instrument with the 

following protocol. 

 

The products resulting from the PCR were checked on gel electrophoresis. 
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 2.2.11. Restriction Enzyme Cleavage 

The CDS and 3'-UTR sequences of the KRAS gene that amplified by PCR,  were 

cut to double-cut with SalI, followed by NheI and XhoI restriction enzymes (NEB, UK). 

Subsequently, before vector cloning, ligation of the separately obtained CDS and 3'-UTR 

sequences was performed. For this; PCR products were first digested with SalI enzyme 

for 16 hours (one night), and were confirmed by double digestion with NheI and XhoI 

restriction enzymes for another 16 hours. The following day, precipitation was carried out 

by ammonium acetate-ethyl alcohol method to remove the regions that exist outside the 

cutting areas. 

 2.2.12. Reproduction of the pEGFP-C3 Vector 

The pEGFP-C3 vector is a eukaryotic gene expression vector. Bacterial culture 

media were prepared for bacterial propagation of the pEGFP vector and plasmid 

containing the construct. 

To prepare 1 L LB medium; 

 10 g Tryptone, 

  5 g Yeast Extract, 

 10 g NaCl was weighed and dissolved in 1000 ml sterile distilled water. 

The obtained LB medium was autoclaved for sterilization and then stored at + 4°C 

until use. Solid LB media were prepared to produce bacterial colonies. For this, after the 

preparation of LB medium, 15 g/L ml of bacto agar was added and the mix was sterilized 

with autoclave. After autoclaving, the agar was cooled to 55 ° C and antibiotics 

(Ampicillin and/or Kanamycin etc.) were added at appropriate concentrations. 

After forming a homogeneous mixture, and the mixture was poured into sterile 

petri plates and allowed to solidify and the plates stored at +4°C until used. In bacterial 

culture, ampicillin and/or kanamycin were used as antibiotics. 1g of sterile Kanamycin 

(Sigma, USA) was weighed and dissolved in 10 ml sterile distilled water. The stock 

solution prepared at 100 mg/ml concentration was stored at -20°C. 3 ml of kanamycin was 

added to 1L of LB medium (300 μL of kanamycin to 100 ml of LB)  to give a final 

concentration of 50 µg/ml. 
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One gr of ampicillin (Sigma, USA) was weighed and dissolved in 10 ml sterile 

distilled water. The stock solution prepared at 100 mg/ml concentration was stored at -

20°C. 1 ml of ampicillin was added to 1L of LB medium (100 μL of ampicillin to 100 ml 

of LB) to give a final concentration of 50 µg/ml. The pEGFP-C3 vector was propagated 

in bacterial culture. After the bacteria were cultured, the vector DNA was isolated using 

the above steps and the obtained DNA concentration and quality were determined  by 

reading the OD (optic density) value in the spectrophotometer. 

2.3. Ligation of KRAS CDS and 3'-UTR LCS6 DNA Sequences with the 

Eukaryotic pEGFP-C3 Expression Vector 

The obtained KRAS gene CDSm, 3'-UTR-LCS6n and 3'-UTR-LCS6m sequences 

were transferred to the pEGFP expression vector for the construction of KRAS-CDSm-

LCS6n and KRAS-CDSm-LCS6m constructs. 

 For this purpose; The ligation of PCR products to the pEGFP-C3 vector was 

performed in a total volume of 20 µl using NEB and Fermentas T4-DNA ligase kits. For 

this; 

 2 μl 2X T4 ligase buffer, 

 1 μg DNA (vector / insert, set at 1/4), 

 1 unit of T4 ligase was used. 

The mixture was inactivated for 10 min at 65°C followed by ligation for 30 min at 16°C. 

2.3.1. Transformation of pEGFP-C3-KRAS-CDSm-LCS6n and pEGFPC3-

KRAS-CDSm-LCS6m Plasmids, Colony Culture and Glycerol Stock Preparation 

E. coli strain DHα was used as a competent cell. Transformation was performed 

by heat-shock system. For this purpose; 

 1.5 μl of the prepared vector was added into 50 μl E. coli competent cells. 

 After incubation on ice for 5 min, it was kept at 42 ° C for 30 sec. 

 After incubation on ice for 2 min, 70 μl of sterile LB medium was added to the 

mixture. The mix was left for 1 hour at room temperature in order to enter the 

structures into  E. coli. 
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 The agar plate containing appropriate antibiotics was cultured. 

The prepared agar plates were cultured together with flame so that a single colony 

could be obtained with the sterile loop. The agar plates were incubated overnight (12-16 

hours) at 37°C. the following day the colony formation was checked and a single colony 

was obtained.  

5 ml of LB medium with antibiotics were placed in 12 ml culture tubes. A single 

colony of the previously cultured agar plates were extracted by a sterile rod, and each tube 

was sterile inoculated. It was then incubated at 150-250 rpm at 37°C for approximately 8 

hours in a vibratory incubator. as a negative control one of the tubes was incubated under 

equal conditions. After incubation, the tubes were checked for turbidity. As a result, the 

lack of bacterial growth in the control tubes and presence of bacterial growth (turbidity) 

in the culture tubes were evaluated as an indicator of success. 

At the end of mini-culture, the contents of the 12-ml culture tubes were transferred 

to 100-250 ml  flasks containing medium and antibiotic. then, the flasks containing 

bacteria culture were incubated for for 13-16 hours in the shaking incubator (with 37°C 

and 150-250 rpm). After incubation in the incubator, DNA plasmid was extracted. 

200 μl of maxi culture was transferred to 2 ml of freezing tubes containing 800 μl 

of sterile glycerol, and it was mixed with glycerol. Subsequently, the tubes were arranged 

and placed for 5-10 minutes in a liquid nitrogen tank for rapid-freezing and then stored at 

-86°C. 

2.3.2. Isolation of Plasmid DNAs of pEGFP-C3-KRAS-CDSm-LCS6n and 

pEGFP-C3-KRAS-CDSm-LCS6m 

Plasmids were extracted from the bacteria using GF-1 Plasmid DNA isolation kit 

(Vivantis, Malaysia). Before the process, plasmids were maintained at +4 or -20°C. It was 

noted in the spectrophotometer that the DNA concentration of the isolated samples was 

ranged between values of 260/280 and 1,8-2,0. 
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 2.3.3. Control of KRAS-CDSm-LCS6n and KRAS-CDSm-LCS6m Sequences in 

Eukaryotic pEGFP-C3 Plasmid Expression Vector 

Presence or absence of KRAS-CDSm-LCS6n and KRAS-CDSm-LCS6m 

sequences in in the construct of the recombinant plasmids were examined. Plasmid 

sequences were checked by PCR with optimized primers to confirm that we isolated 

plasmids contained the target DNA sequence. 

 2.3.4. Transfection of pEGFP-C3-KRAS-CDSm-LCS6n and pEGFP-C3-KRAS-

CDSm-LCS6m Plasmid Constructs Into Eukaryotic Cells 

pEGFP-C3-KRAS-CDSm-LCS6n and pEGFP-C3-KRAS-CDSm-LCS6m 

constructs were transfected into lung cancer cell lines. All of these procedures were 

performed with the pEGFP-C3 expression vector (Invitrogen, USA) (Figure 2.1). 

 

Figure 2.1. PEGFP-C3 eukaryotic expression vector. 
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NCI-H441 and A549 cells from the cells that were used in the project for 

transfection optimization. As described above in the cell culture section, the NCI-H441 

and A549 cell line were obtained for transfection. 

NCI-H441 and A549 cells were cultured in T25 flasks for transfected with the 

resulting plasmid constructs. When the cells occupy about 80% of the place of culture, 

they were lifted and counted as described above, The cells were seeded into 6-well culture 

plates filled with 500,000 cells. So that these wells are filled with cells at an average of 

80%. 

Lipofectamine® 3000 (Invitrogen, USA) and FuGENE® HD Transfection 

Reagent (Roche, Germany) kits were used to transfect the plasmid constructs of pEGFP-

C3-KRAS-CDSm-LCS6n and pEGFP-C3- KRAS-CDSm-LCS6m obtained for each well 

were used and kit protocols were applied. For Lipofectamine® 3000, 1 μg / 100 μl was 

diluted separately in 125 μl serum-free medium. 

At the same time, 6 μl Lipofectamine® 3000 (Invitrogen, USA) transfection agent 

was diluted in 125 μl serum-free medium. Two different tubes created for each sample 

were incubated at room temperature for 5 min. The two tubes were then combined and 

allowed to stand for 20 minutes at room temperature to form the lipid complex. 250 µl of 

the mixture was added dropwise to each medium and incubated at 37°C in CO2 for 24 

hours. 

The following day, the medium overlying the cells was withdrawn and replaced 

with a normal culture medium. Transfected cells were examined by fluorescence 

microscopy Depending on the presence of the GFP indicator. According to the results of 

the examinations, transfection success was 50-60%. The cultures were followed and 

checked every two days. 

On the other hand, during this control, the pEGFPC3-KRAS-CDSm-LCS6n and 

pEGFPC3-KRAS-CDSm-LCS6m constructs were dramatically reduced in GFP cells one 

week after eukaryotic cell line transfection. As a result of this finding, it was decided to 

creation of the constructs with a more stable and permanent vector and create more stable 
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structures in the genome. For this reason, it was decided to transfer both KRAS-CDSm-

LCS6n and KRAS-CDSm-LCS6m sequences into the lentiviral expression vector. 

 2.4. Cloning of the KRAS-CDSm-LCS6n and KRAS-CDSm-LCS6m Sequences 

into Lentiviral Eukaryotic Expression Vector pLenti-CMV-GFP-2A-Puro  

The bi-cistronic lentiviral vector  pLenti-CMV-GFP-2A-Puro (8950 bp) was used 

for cloning of both KRAS DNA sequences (Figure 2.2). For this, the bi-cistronic lentiviral 

vector pLenti-CMV-GFP-2A-Puro (8950 bp) was obtained from Applied Biological 

Materials Inc. (Applied Biological Materials Inc., Canada). 

 

Figure 2.2. Bi-cistronic lentiviral vector. (www.abmgood.com). 

In order to replace the cloning vector, the restriction enzymes that used in 

amplification of the CDS and 3'-UTR regions of KRAS gene were changed. NheI, SalI, 

and BamHI enzymes were used to cut the bi-cistronic lentiviral vector of pLenti-CMV-

GFP-2A-Puro (8950 bp) while XhoI, SalI and BamHI enzymes were used to cut the 

pEGFP-C3 eukaryotic expression vector, and all steps such as ligation, culture, plasmid 

DNA extraction were repeated from start to finish for the lentiviral vector. As a result, 
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lentiviral pLenti-KRAS-CDSm-LCS6n and pLenti-KRAS-CDSm-LCS6m constructs 

were obtained.  

For a stable transfection of the obtained structures, the structures were first 

transferred to 2A cells, then the virus particles packed constructs were then transfected 

into NCI-H441 and A549 cells. Viral transfection was performed to construct pLenti-

KRAS-CDSm-LCS6n and pLenti-KRAS-CDSm-LCS6m constructs to create a permanent 

structure in the cells to be used in the project. 

Therefore, 2A cells were cultured in T25 flask after being taken from stock (as 

described in the above sections). They were lifted and counted as described above, The 

cells were cultured into 6-well culture plates (200-500 thousand cells). So that these wells 

are filled with cells at an average of 80%. Transfection was performed when 2A cells were 

reached to 80-90% confluences of the wells inoculated. 

For each well, the created pLenti-KRAS-CDSm-LCS6n and pLenti-KRAS-

CDSm-LCS6m constructs were diluted in 125 μl of serum free medium as 1 μg/100 μl. 

At the same time, 6 μl Lipofectamine® 3000 (Invitrogen, USA) transfection agent was 

diluted in 125 μl serum-free medium. Two different tubes created for each sample were 

incubated at room temperature for 5 min. The two tubes were then combined and allowed 

to stand for 20 minutes at room temperature to form the lipid complex. 250 µl of the 

mixture was added dropwise to each medium and incubated at 37°C in CO2 for 24 hours. 

The following day, the medium overlying the cells was withdrawn and added to 

NCI-H441 and A549 cells for viral transfection. Transfected cells were examined by 

fluorescence microscopy Depending on the presence of the GFP indicator. The 

transfection success was determined according to the conducted investigation. 

2.4.1. Transfection of pLenti-KRAS-CDSm-LCS6n, pLenti-KRAS-CDSm-

LCS6m and Impty pLenti-CMV-GFP-2A-Puro Plasmid Constructs into 

NCI-H441 and A549 Cell Lines 

Virus-carrying plasmid structures were obtained after transfection of cells 2A, and 

these obtained viruses were used for transfection of NCI-H441 and A549 cells.  
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The NCI-H441 and A549 cells were plated simultaneously with 2A cell culture in 

another 6-well plate as described above. Cells were incubated in a CO2 incubator.  

The supernatants from transfected 2A cells were harvested and centrifuged at 1000 

rpm for 5 min, the supernatant was then withdrawn, untouched the precipitated dead cells 

and added to NCI-H441 and A549 cells, that was previously washed twice by 1xPBS. 

This experiment was carried out in 4 different time periods, 6, 12, 24 and 48 hours. 

It was decided that 12 and 24 hours were the appropriate times, and the most 

convenient time was 24 hours. At the end of 24 hours,  the cells were supplied with 

Puromycin antibiotic, starting with a 4 μg/ml dose and then gradually reducing the dose. 

The aim of this procedure was to the elimination of non-transfected cells. 

Approximately one month after transfection, the transfection rate in cells carrying 

the pLenti KRAS-CDSm-LCS6m plasmid was 30-40%, while the transfection efficiency 

in cells carrying pLenti-KRAS-CDSm-LCS6n and the empty plasmid construct averaged 

80-90%. 

While continuing the selection procedure, cells carrying the pLenti KRAS-CDSm-

LCS6n construct were continued to be cultured for experiments with 0.2 μg/ml puromycin 

containing medium. As described above, pLenti-KRAS-CDSm-LCS6n, pLenti-KRAS-

CDSm-LCS6m and pLenti empty vector constructs were successfully transfected into 

NCI-H441 and A549 cells by formation of constructs packaged into viral particles in 2A 

cells. 

Selection of puromycin in cells with GFP positivity was confirmed. The culture of 

the selected cells continued using a medium containing a low dose of puromycin (0.2 

μg/ml)  for a period of time, and was then stored at -86°C as described above for use in 

simultaneous experiments. 
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2.4.2.  Nomenclature of NCI-H441 and A549 Cells Containing the KRAS 

Plasmid Constructs 

To more easily follow the cell types containing the plasmid construct in the 

experimental systems, NCI-H441 and A549 cells were abbreviated as belows. Coding 

DNA sequence is normal indicating as CDSn and mutant as CDSm. As similar to this, 

LCS6n means to ve normal wild-type normal and LCS6m means to have mutant. These 

are: 

For A549 cells; 

a) A549 cell (control cell) without plasmid transfection: A549-0, 

b) A549 cell containing the pLenti-KRAS-CDSm-LCS6m plasmid construct: A549-1, 

c) A549 cell containing the pLenti-KRAS-CDSm-LCS6n plasmid construct: A549-2, 

d) A549 cell containing the empty pLenti-CMV-GFP-2A plasmid vector: A549-3. 

For NCI-H441 cells; 

  a) NCI-H441 cell (control cell) without plasmid transfection: NCI-H441-0, 

b) NCI-H441 cell containing the pLenti-KRAS-CDSm-LCS6m plasmid construct: NCI-

H441-1, 

c) NCI-H441 cell containing the pLenti-KRAS-CDSm-LCS6n plasmid construct: NCI-

H441-2, 

d) NCI-H441 cell containing the empty pLenti-CMV-GFP-2A plasmid vector: NCI-

H441-3. 
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2.5.  Culture of Cells and Cell Counting in the Culture 

After the success of transfection processes and after we obtained mutations in the 

Let-7 miRNA binding region of KRAS gene with the various pLenti-KRAS-CDSm-

LCS6n ve pLenti-KRAS-CDSm-LCS6m plasmid constructs, which were transfected to 

A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-1, NCI-H441-2 and NCI-

H441-3 cells, in order to continue experiments that include analysis of migration, invasion 

and proliferation, as well as total RNA isolation for kantitatif real-time PCR analysis  and 

protein extraction for Western blot analysis,  we had to continue to culture of resulting 

cells until the experiments were complete. 

The different types of A549 and NCI-H441 cell lines and BEAS-2B cell line were 

cultured in RPMI 1640 and DMEM medium containing 10% fetal bovine serum (FBS) 

and 1% penicillin-streptomycin (P/S) solution (100 U/ml penicillin and 100 µg/ml 

streptomycin). Cells were grown in T-75 flasks with 15 mL medium and  T-25 flasks with 

6 mL medium and incubated in a CO2 incubator (Innova CO-170 - New Brunswick 

Scientific, UK) at 37°C, 5% CO2.  

When cultures have reached approximately 80% confluence, carefully the spent 

medium aspirated from the flasks and the cell layer rinsed one time with 3 to 5 mL D-PBS 

to remove residual medium cells were detached from the flask by incubating in 3 to 5 mL 

trypsin-EDTA (0.25% trypsin, 1 mM EDTA) for 3 - 5 min at 37°C. After incubation, cells 

were seen under 20x optical microscope to know their status. Trypsin was deactivated by 

the medium containing FBS, and then cells solution was transferred into a 12 ml tubes and 

then centrifuged at 200 xg for 3 to 5 minutes. Cell pellet was resuspended in the growth 

medium and cell density was measured by hemocytometer.  Cells were then re-cultivated 

as needed. The medium of the cells was changed every other day. The cells were passaged 

in every 4-7 days. 

After preparation of cell suspension, 200 μl of the cell suspension was transferred 

to into a 1.5 ml microfuge tube. 500 μl of 0.4% trypan blue solution and 300 μl of PBS 

were added to the cell suspension (creating a dilution factor of 5). After mixed thoroughly, 

cells allowed to stand for 5-15 minutes at room temperature. A small amount of the trypan 
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blue-cell suspension (20µL) was loaded to the chamber of hemocytometer (Bright-Line-

Hausser, USA) and covered with a cover-slip. Cell suspension completely filled the 

hemocytometer chamber by capillary action. Number of cells in the 1mm center square 

and the four corner squares of the hemocytometer were counted by light inverted 

microscope (Eclipse TC100-F - Nikon, Japan) and the average of 4 squares were counted 

and the cell number was calculated. The following equation was used to calculate the 

number of cells: 

Cells per ml = the average count per square x the dilution factor x 104 

For future studies, the cells have been multiplied, then resuspended and 

cryopreserved at -80°C in 1 mL freezing medium containing (10% DMSO + %90 fetal 

bovine serum). In order to real-time PCR and western blot analysis, Cells were taken from 

same of T-75 and T-25 flasks, where the cells were distributed as follows: 1/3 for total 

RNA isolation and 2/3 for protein extraction. 

 

2.6.  In Vitro Migration, Invasion and Proliferation Analysis of Cells Containing 

KRAS Gene Constructs 

Based on the project hypothesis, the effects of the 3'-UTR LCS6 mutation of the 

KRAS gene on the PI3K/AKT/mTOR and MAPK/ERK pathways and the metastasis were 

examined in the cell lines obtained from transfer of pLenti-KRAS-CDSm-LCS6n, pLenti-

KRAS-CDSm-LCS6m and empty vector plasmid. For this, in vitro migration, invasion 

and proliferation assays were performed using the generated pLenti-KRAS-CDSm-

LCS6n and pLenti-KRAS-CDSm-LCS6m plasmid constructs. 

First of all, the optimization steps of the experiments were carried out and the 

optimization experiments were carried out with: NCI-H441-0 and A549-0 cells. 

Subsequently, analyses were performed in NCI-H441 and A549 cells containing different 

plasmid constructs (A549-0, A549-1, A549-2 and A549-3 and NCI-H441-0, NCI-H441-

1, NCI-H441-2, NCI-H441-3). 
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2.6.1.  Analysis of Cell Migration in Vitro 

The A549-0 and NCI-H441-0 cell lines were used for the optimization of migration 

experiments. The A549-0 and NCI-H441-0 cell lines were cultured as described above in 

the cell culture section. Thus, optimization was first made for migration experiments. 

In line with the hypothesis of the project, after the optimization studies of the 

migration experiments, A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-1, 

NCI-H441-2 and NCI-H441-3 cells containing and not containing plasmid constructs 

pLenti-KRAS-CDSm-LCS6n and pLenti-KRAS-CDSm were analyzed.  A549-0, A549-

1, A549-2 and A549-3, NCI-H441-0, NCI-H441-1, NCI-H441-2 and NCI-H441-3 cell 

lines were cultured as described above in the cell culture section. Optimize wound healing 

(strach assay) migration assay was used. 

Therefore, before cell culture, markers were drawn in a 12-well plate center by a 

marker pen, In one experimental group, two cross-lines were drawn in this form '+', while 

in the other group only one line '-'.  Subsequently, the cells were cultured in these 12 well 

plates. 

The number of cells added to the plates depends on the type of cell.  From each 

test group, 20,000 cells were cultured in 12-well plates, it was to wait until the wells were 

filled (complete filling) and the experiments were then continued. After confluent, with 

the help of a sterile 10 μl pipette the cells were scratched, scratches/wounds were opened 

following the drawings '+' and '-'. A single-cell layer was removed, and in this way a 

wound bed was created. After the scratches were created,  the medium in the wells was 

removed, the wells were washed 2-3 times with PBS to remove the remaining cells from 

the wells, and the culture was continued by adding fresh medium once it had been washed 

with fresh medium. 

Cultures were continued for up to 72 hours.  the measurement times were 0, 3, 6, 

12, 24, 48 and 72 hours based on the measurements at 0, 3, 6 and 24 hours recommended 

by (Pasqualato A et al., 2013). At the end of each period (0, 3, 6, 12, 24, 48 and 72 hours), 

the pictures were taken with inverted microscope (Eclipse TC100-F - Nikon, Japan) at 
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10X objective in the regions of identified scratches. For each cell line two duplicate 

experimental groups were created, then the experiments are repeated twice (total 4 times). 

Images were taken for each scratch at the end of each specific period, and cellular motion 

was recorded until the wounds were completely closed, calculated by measuring the 

reduction in areas at different times. 

With an inverted microscope, cell migration was observed by the movement of 

cells passing from the "intact" (non-scratch) region to the 'strached' region. Based on the 

images taken at the reference point "0.", the surface area was calculated using Image J 

software program and images were digitized. The experimental data were determined by 

taking the average of the repeated measurements. 
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2.6.2 Analysis of Cell Invasion in Vitro 

"Matrigel transwell chamber invasion assay" was used as an in vitro invasion assay 

(Figure 2.3). The A549-0 and NCI-H441-0 cell lines were used for optimization 

of invasion experiments in vitro. 

 

Figure 2.3. Schematic representation of the "Matrigel transwell chamber invasion assay". 

(Obtained from  http://www.sc.mahidol.ac.th/scbc/cholang_group.html). 

 

The matrix invasion assay measures the ability of cells to disrupt membranes in 

the chamber. Matrigel (BD, USA) obtained from mouse sarcoma is similar to ECM 

(extracellular matrix) content. The Boyden transwell chamber (well) placed in a 24-well 

plate contains the membrane at 8 μm pore diameter coated with matrigel matrix. Adding 

medium with serum to the 24-well plate gives a chemoattractant state (Figure 2.4). 

Before cell culture in the transwell chamber, the porous filter is coated with a thin 

layer of ECM. Where ECM blocks membrane pores and prevents the migration of non-

invasive cells.   Invasive cells penetrate the matrix and pass through the ECM layer and 

attach to the bottom layer of the filter. 



   46 
 

 

Figure 2.4. Schematic representation of the Boyden chamber and invasive / non-invasive 

cells. (N. Kramer et al., Mutation Research 752; 2013). 

In the current project, for the optimization of matrigal, various dilutions of matrigal 

with serum-free medium were made from a lot to a little and overnight incubation was 

performed at 37°C and matrigel was expected to freeze. It was decided that the most 

appropriate dilution was ¼. 

After optimization of the invasion experiments with A549-0 and NCI-H441-0 cell 

lines were done, Matrigel invasion experiments were performed in A549-0, A549-1, 

A549-2 and A549-3, NCI-H441-0, NCI-H441-1, NCI-H441-2 and NCI-H441-3 cell lines 

(with and without pLenti-KRAS-CDSm-LCS6n and pLenti-KRAS-CDSm-LCS6m). 

Each experiment was repeated 3 times. 

Transwell chambers (BD, USA) were placed in a 24-well plate (Corning, USA). 

100 μl of the prepared matrigel with appropriate dilution was placed in each 8 chambers 

for A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-1, NCI-H441-2 and NCI-

H441-3 cell experiment groups. To calculate the invasion index, there were 8 different 

chambers also, but without Matrigel. The following day, A549 and NCI-H441 cell culture 

were carried out in the transport chambers containing and without matrigal.  

750 ml of serum-containing culture medium was added to Transwell chamber 

wells. 200 μl of the serum-free medium containing 2,5x105 cell/ml was added to the 
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transfer chambers, and incubated for 16 hours at 37°C. The following day, the chambers 

were emptied and washed twice with PBS. Cells were then fixed with 3,7% formaldehyde 

(diluted in PBS) and left for two minutes at room temperature. 

The formaldehyde was emptied and washed twice with PBS. Then 100% methanol 

was added and waited at room temperature for 20  minutes to provide permeability of the 

cell membrane. At the end of the time, the methanol was removed and washed twice with 

PBS.  

 

Figure 2.5. In vitro cell invasion experiments. Transwell chambers, 24-well plates.   
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Transwell chambers were carefully scraped with cotton swabs to dispose of non-

invasive cells. 500 μl of Hematoxylin stain was taken and placed in both transwell 

chambers and wells. It was closed with aluminum foil and kept at room temperature for 

15 minutes. 

Photographs of invasive cells were taken under optical microscopy at 20X 

magnification, and counted in the computer.  

The "invasion percentage" of each cell and their "invasion index" were calculated 

according to the invasion index formula given below. The "invasion index" was calculated 

by the ratio of invasive cells (passing through ECM-coated filters) versus migrating 

(passing through filters that are not coated with ECM). 

Invasion index formula; 

% invasion =  
𝑚𝑒𝑎𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑖𝑛𝑣𝑎𝑑𝑖𝑛𝑔 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝑀𝑎𝑡𝑟𝑖𝑔𝑒𝑙 𝑖𝑛𝑠𝑒𝑟𝑡 𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒

𝑚𝑒𝑎𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑚𝑖𝑔𝑟𝑎𝑡𝑖𝑛𝑔 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑖𝑛𝑠𝑒𝑟𝑡 𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒
  X 100 

invasion index =  
% 𝑖𝑛𝑣𝑎𝑠𝑖𝑜𝑛 𝑡𝑒𝑠𝑡 𝑐𝑒𝑙𝑙

% 𝑖𝑛𝑣𝑎𝑠𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑐𝑒𝑙𝑙
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2.6.3.  Analysis of Cell Proliferation in Vitro 

Optimization of proliferation assay in vitro was performed with The A549-0 and 

NCI-H441-0 cells. MTT (Thiazolyl Tetrazolium Blue) was used for the proliferation 

assay. MTT assay was used to measure cell proliferation. 

MTT, a yellow water-soluble tetrazolium dye, primarily by the mitochondrial 

dehydrogenases of living cells, to purple colored formazan crystals. The blue crystals are 

dissolved with acidic isopropanol or DMSO (dimethyl sulfoxide) and the optical density 

is colorimetrically measured at 540 nm. There is a direct correlation between the 

absorbance and cell viability/proliferation. 

After optimization of the proliferation experiments, experiments were carried out 

on A549 and NCI-H441cell lines with and without pLenti-KRAS-CDSm-LCS6n and 

pLenti-KRAS-CDSm-LCS6m constructs. Experiments were repeated 3 times and were 

evaluated by taking the average of the obtained data. 

Using 96 plates, 10000 cell/well containing 100 μl of culture medium were 

cultured for each experimental group in three time periods (24, 48, 72 hours) with 6 

replicates (n=6) from each test group (A549-0, A549-1, A549-2 and A549-3, NCI-H441-

0, NCI-H441-1, NCI-H441-2 and NCI-H441-3 cell lines) 3 plates were prepared. One of 

the plates was incubated at 37°C in a 5% CO2 incubator for 24 hours, another for 48 hours, 

and another for 72 hours. 

The thiazolyl blue tetrazolium bromide was dissolved in DMEM at a concentration 

of 5 mg/ml. At the end of the 24 hour period, 20 μl of the prepared MTT solution (Sigma, 

Germany) was added to each well. The cells were incubated for 4 hours at 37°C in MTT 

solution until the color turned to blue and crystalline form. After the end of the period, 

The pallet was emptied into paper towel. 

150 μl DMSO (Applichem, Germany) was added to each well. The plate was 

agitated on the shaker for 20 minutes until all crystals dissolved. At the end of the period, 

the optical density of the plates was measured at 540 nm with a spectrophotometer (Micro-

plate Reader) (Biotek, EL800, USA). 
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At the end of 48 and 72 hours, the other plates were also subjected to the same 

procedures and the absorbances were determined. Both 24-hour, 48-hour and 72-hour 

experiments were repeated 6 times. Standard deviations within the cell groups were 

calculated and a proliferation/absorbance graphs were generated. 

 

Figure 2.6. proliferation assay (24, 48 and 72 hours),  96-well plates. 
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2.7.  Examine Target Genes at the Protein Level (Western Blot Analysis) 

2.7.1  Preparation of Samples 

The different types of A549 and NCI-H441 cell lines and control BEAS-2B cell 

line were cultured in T75 flasks and were collected by trypsinization process. Cells were 

washed twice with PBS (pH=7.4),  and centrifuged at 1000 x g for 5 min. Supernatant was 

discarded and pellets were lysed with 100-150 µl RIPA lysis buffer (Sigma-Aldrich®, 

Germany). Cell suspension was transferred to eppendorf tubes (1.5 ml). Tubes were 

incubated in ice for 20 min, and then centrifuged at maximum speed for 10 min at 4 °C to 

get the lysate.   

Protein lysate concentrations were measured by Bradford protein assay kit 

(BioRad, USA), as well as the micro-spectrophotometer (UVS-99-ACT gene®, USA) 

system was used. The optical absorbance of protein was measured at wavelength 280.  

After that, Western blotting was performed or lysates has been cooled and 

preserved at a temperature of -80°C. Protein (30 µg) was then mixed with 2X loading 

buffer (2x lammel buffer).  

For preparation of 4x lammel sample buffer, a mixture was prepared by using 4.4 

ml 0.5 M Tris-HCl (pH 6.8), 4.4 ml glycerol, 2.2 ml  20% SDS (fresh), 0.5 ml of 1% 

bromphenol blue and 0.5 ml of 2-mercaptoehanol. This mixture was then vortexed and 

stored at -20°C. Finally, samples were incubated for 5 min at 100°C. After cooling to the 

room temperature, the samples were separated by sodium dodecylsulfate - polyacrylamide 

gel electrophoresis (SDS-PAGE). 

2.7.2.  SDS-PAGE Electrophoresis 

Separating acrylamide gel (12%, 0.8 mm thick) was prepared and poured into the 

gel apparatus. After separating, gel was polymerized.  5% stacking gel was poured on to 

it and a comb was inserted in to create wells. Once the separating gel polymerized, the 

comb was gently removed and the gel was placed in electrophoresis tank (Mini-

PROTEAN® Tetra Cell, Bio-Rad, USA).  
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The tank was filled with running buffer until the top of the wells of the gel all 

covered. The running buffer consisting of that is  30 g Tris, 144 g Glycine, 10 ml %10 

fresh SDS, and adjusted to volume 1 Liter with dH2O. Then, each samples was loaded  to 

wells onto a 4–15% gradient gel.  

Five µl of precision plus protein™ (Bio-Rad, USA) was used as marker proteins. 

The gel unit was connected to power supply (PowerPac™ Basic, Bio-Rad, USA) and the 

proteins were seperated at 30 ampers until molecular weight marker was seperated 

visually. 

 In order to examine the presence of protein and determine its concentration in 

samples, after SDS-PAGE, the gels which were run at the first optimization, were stained 

with Coomassie blue staining solution (Vivantis, Malaysia; Bio-Rad, USA). 

2.7.3.  Protein Transfer by Electroblotting and Blocking 

After electrophoresis was completed, the gel was removed from the tank and 

transferred to PVDF membrane  (Bio-Rad, USA). The gel was put between transfer buffer 

wetted filter papers and protein was transferred to membrane at 25 V for 7 minutes by 

trans-blot® turbo™ transfer system (Bio-Rad, USA). 

 After that, the membrane was washed with 1x TBST solution three times for five 

minutes each. 10x TBST solution consists of 30 g Tris, 88 gr NaCl, 5 ml Tween-20, 950 

ml dH2O (pH 7.4). Then the membrane was blocked by 5% non-fat milk solution (5 g 

non-fat dry milk powder in 100 ml TBST) or 1% bovine serum albumin (BSA) solution 

(1g BSA powder in 100 ml TBST) for 1 h at RT on a rocking platform (BioSan, Letonya) 

(50 rpm) to block the unspecific binding sites. 

2.7.4.  Protein Immunoblotting 

After blocking was completed, the membrane was washed with 1x TBST solution 

three times for five minutes each, and Primary antibodies were then added at a ratio of 

1:200 (1μg/ml) (AKT1/2/3, pAKT1/2/3, ERK1/2, pERK1/2 and β-Actin) (SantaCruz, 

USA) to the blocking buffer (5% non-fat milk solution or 1% BSA solution) and the 
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membrane was incubated with primary antibody at 4 oC overnight with gentle agitation. 

At next day, the primary antibody solution was removed and the membrane was washed 

with 1x TBST 3 times each for 5 min at room temperature on a rocking platform.  

The membrane was then incubated with secondary antibody (Goat anti-rabbit IgG) 

(SantaCruz, USA) in blocking buffer at 1:5000 (0.04 μg/ml) ratio for 2 hrs at room 

temperature with gentle agitation at about 50 rpm. 

 

2.7.5.  Immunodetection 

Finally, the membrane was washed with 1x TBST 3 times for 5 mins and then 

incubated with immun-star westernC chemiluminescent substrate (Bio-Rad, USA) for 10 

mins. The membrane was then placed in a strech film and the images of the proteins were 

taken with molecular imager (Licor C-DiGit® Blot Scanner, USA) at a suitable time 

depending on antibody. 
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2.8.  Expression Analysis of Target Genes 

Within the hypothesis of the project, the potential effect of the miRNA Let-7 

binding site mutation on the metastasis, PI3K/AKT/mTOR and MAPK/ERK pathways 

were analyzed with the various pLenti-KRAS-CDSm-LCS6n and pLenti-KRAS-CDSm-

LCS6m plasmid structures. RNA and protein levels of genes involved in these pathways 

were analyzed. For this, both RNA and protein analysis were optimized using A549-0 and 

NCI-H441-0 cells. 

 

2.8.1 Total RNA Isolation and cDNA Synthesis 

The optimal expression of the target genes at the RNA level was examined to 

demonstrate the effect of the mutation in the G12V and 3'-UTR LCS6 regions of the 

KRAS gene on the PI3K/AKT/mTOR and MAPK/ERK pathways.  

First, total RNA isolation was performed using QIAzol® (Qiagen, USA ; Roche, 

Germany) from the various NCI-H441, A549 and BEAS-2B cell lines, according to the 

manufacturers' protocols. After the cells were removed with trypsin, the cell suspension 

was dissolved in 1 ml of trizol. Then 200 μl of chloroform was added, and then centrifuged 

at 12000 xg for 15 min at 4°C. The supernatant (upper layer) was transferred to new 1.5 

tubes and precipitated with isopropanol, then formed precipitates were washed with 75% 

ethanol. After ethanol was completely removed, the total RNA was finally dissolved in 

Elution buffer. The samples were run for 1 hour at 80 volts in gel electrophoresis to check 

RNA quality. 

cDNA isolation was performed following total RNA isolation from transfected 

cells with mutated and unmutated forms of the Let-7 miRNA binding region of KRAS 

gene and control cell line as described above. Using the isolated cDNA, gene expression 

levels of targeted genes were detected. 
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2.8.2. Primer Design: 

Specific primer design for target genes ( AKT1,2,3 and ERK1,2) were designed 

from the literature and using the Integrated DNA Technology (IDT) PrimerQuest online 

program (www.idtdna.com). 

Primer sequences are given in Table 2.2. , primer sequences were synthesized by 

Primers Biomers Inc. (Ulm, Germany). 

Table 2.2. Primer sequences used in real-time RT-PCR gene expression analyses. 

 

 

2.8.3.  Conventional PCR and Real Time qPCR Optimization 

After the primers of target genes (AKT, ERK, GAPDH) were available, 

optimization experiments were performed. optimization experiments include all factors 

that can affect PCR results, such as primers, MgCl2, etc. Optimization was performed 

with conventional PCR using the specific primers of Targeted and control genes AKT, 

ERK, GAPDH.  
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The PCR/primer activity was calculated to show the expression of target genes at 

the RNA level (to avoid false positives and negatives). So, in the First Step, before 

initiation of reliable and sensitive qPCR (quantitative real time PCR) experiments, in order 

to equalize the number of copies in the qPCR reactions and to demonstrate primer activity, 

the number of copies was determined by replicating target gene regions with conventional 

PCR. 

For this; AKT and ERK genes from and control GAPDH primers were amplified 

from the various NCI-H441, A549 and BEAS-2B cDNAs by the conventional PCR 

method. The classical PCR program for the specific primers of targeted GAPDH, AKT 

and ERK genes from target genes was as follows: 

Initial denaturation at 95ºC for 10 min, 35 cycles for amplification at 95 ºC for 30 

sec, 20 sec at 60ºC, and at 72ºC for 30 seconds and extension at 72 ºC for 3 minutes. 

PCR products were loaded with a 2% agarose gel, Then the bands were checked 

to determine the required sizes and quality (~100-150 bp). Then in order to determine the 

number of copies in PCR results of the required size and quality,  the samples were cleaned 

either by precipitation or PCR cleaning kits. 

After amplification of GAPDH, AKT and ERK genes  by conventional PCR,  then 

optimized by quantitative real time PCR and real time PCR products were examined on a 

2% gel. The GAPDH, AKT and ERK genes were then optimized using SYBR green 

intercalating dye. (Roche, The LightCycler® Nano Instrument, Germany) instrument was 

used to perform gene expression analysis. 
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2.8.4.  Determination of the Number of Copies of DNA in the PCR Product of 

The Target Gene 

For each identified target gene, the conventional PCR obtained products separately 

were precipitated with isopropanol method to obtain specific free DNA. The following 

formula (http://cels.uri.edu/gsc/cndna.html) was used to reveal the number of DNA 

copies: 

Number of DNA copies in μl = amount concentration (ng/μl) x (6.022x1023) / 

fragment length (bp) x 109 x 650 

The PCR purified product DNA for each target gene was diluted to 5 different 

logarithmic concentrations (1, 0.1, 0.01, 0.001 and 0.0001). Quantitative PCR (qPCR) was 

performed with specific primers for each dilution of each gene. Depending on the 

optimized dilution, the results of qPCR were detected for target and control genes. 

The qPCR results for the GAPDH control gene were carefully taken and the 

expression standard curves were obtained for use as standard, and cDNA template counts 

were calculated according to ΔCT.  Similarly, AKT and ERK genes were optimized and 

The genes were also optimized using SYBR green intercalation dye. The PCR efficiency 

was calculated using this formula:  E = -1 + 10 ^ (- 1 / slope) . 

The relative gene expression analysis was then calculated using the 2-ΔΔCt 

method. First, the averages of the Ct values from the target gene housekeeping gene for 

each group were taken. Δct was calculated using the following formula: 

Δct = target gene average Ct - housekeeping gene average Ct. 2ΔΔct was 

calculated. The data of each group was obtained and the relationship between the groups 

was investigated by statistical analysis. 

 

 

 

http://cels.uri.edu/gsc/cndna.html
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2.9. Statistical Analysis 

Experiments were repeated at least three times. Quantitative data were statistically 

evaluated using Student's t test and ANOVA test. Differences were considered significant 

at the level of P<0.05.The ImageJ JavaScript (author: Wayne Rasband, National Institute 

of Mental Health, Bethesda, Maryland, USA) was then employed to evaluate and score 

the dynamics changes of the cell count and surface area in migration experiments and in 

complex microscope examinations.  

The Image Studio™ Lite program (Li-Cor Biosciences) was also used to determine 

individual band intensities. Statistical analysis was carried out in GraphPad Prism 

software (GraphPad Inc., USA). 
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3. RESULTS 

3.1. Cells, Cell Culture and Storage 

in the project,  the NCI-H441 lung adenocarcinoma cell line, metastatic A549 lung cancer 

cell line, the human healthy lung epithelial cell line BEAS-2B and amphotropic retroviral 

packaging cell line 2A (CRL 12013) were cultured (Figure 3.1), stocked and used in 

experiments. 

 

Figure 3.1. Cell culture (A) A549, (B) NCI-H441, (C) BEAS-2B and (D) retroviral 

packaging 2A cell lines. Inverted light microscope images (20× magnification). 

3.2.  Expression Plasmid Cloning of  the KRAS Gene 

To demonstrate the effect of the mutation in the 3'-UTR LCS6 region of the KRAS 

gene on metastasis; it was planned to construct expression vectors of DNA sequences 

containing the coding region G12V and LCS6 mutation and perform transfection to A549 

and NCI-H441 cell lines.   
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3.2.1. Expression of the KRAS Gene Coding DNA Sequence (CDS) and 3'-UTR 

Sequence 

In order to use the plasmid constructs to clone the KRAS gene coding DNA 

sequence (CDS) and 3'-UTR regions, firstly, RNA isolation from cell cultures, cDNA 

synthesis, cloning primers and the preparation of the cloned eukaryotic expression vector 

were optimized. 

RNA isolation, total RNA extraction using the trizol method was successful for all 

samples. The spin-column method using the Roche kit was also successful. Both methods 

produced good concentrations of total RNA. The best results for cDNA from RNA were 

obtained with the Roche and Qiagen kits. 

Different primer combinations were used to clone the expression vector as a whole 

into both the CDS and 3'-UTR sequences of the KRAS gene. Although all factors which 

may affect PCR conditions such as enzyme, MgCl2 concentration, primer binding time, 

polymerization time, primer structure, etc., were tried, In the ATG start codon of the CDS 

sequence of the KRAS gene, the PCR product of the extended 5113 base-pair KRAS-CDS-

UTR-LCS6 region that includes the 3'-UTR has the miRNA Let-7 binding site could not 

be obtained, or non-specific bands were observed in the obtained products. 

For this reason, as a B-plan, the CDS and 3'-UTR regions of KRAS gene were 

planned to be obtained separately. For this, separate primer design was performed for the 

CDS and 3'-UTR regions of the KRAS gene (including the LCS6 region that links to the 

Let-7 gene). Plasmids (plasmid #: 13544; plasmid #: 32003) from ADDGENE were used 

to obtain the G12V mutant CDS and 3'-UTR mutant LCS6 DNA sequences of the KRAS 

gene. The target sequences of the KRAS gene with these plasmids were successfully 

obtained (Figure 3.2). 
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Figure 3.2. Agarose gel image of PCR products. (M), Marker 1 Kb (Vivantis, Malaysia); 

(Line-1) CDS 613 bp; (Line-2) 3'-UTR 2700 bp PCR product (from Prof. Dr. Hasan 

ACAR’s TÜBİTAK project No: 112S498). 

The resulting DNA sequence (KRAS-CDS-UTR-LCS6) was transferred to the 

eukaryotic pEGFP-C3 transcription vector. The generated plasmid constructs were 

transformed into bacterial cells and the bacteria carrying the plasmid constructs were 

cultured (FIG. 3.3.) to isolate the plasmids. As a result of isolation, colonies containing 

target sequences were selected. 

 
Figure 3.2. Agar plate image of transformed kanamycin-resistant colonies of E.coli 

containing plasmid constructs with nucleotide sequences of the CDS and 3'-UTR regions 

of the KRAS gene (from Prof. Dr. Hasan ACAR’s TÜBİTAK project No: 112S498). 
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In order to confirm whether KRAS-CDSm-LCS6n and KRAS-CDSm-LCS6m 

sequences (Insert DNA fragments) were present in the constructs of recombinant plasmids 

in agar plates, we made sure that PCR was carried out with the primers we optimized 

(Figure 3.4.). 

 

Figure 3.4. Agarose gel image of insert-containing plasmid PCR products (M) Marker 1 

Kb (Vivantis, Malaysia), (Mar) Marker 100 bp (Vivantis, Malaysia), (1, 2, 3) to 10000 bp 

insert bearing plasmid (from Prof. Dr. Hasan ACAR’s TÜBİTAK project No: 112S498). 

After constructing the pEGFPC3-KRAS-CDSm-LCS6n and pEGFPC3-KRAS-

CDSm-LCS6m plasmid constructs, these constructs were transfected into cancer cell lines 

and control cell lines. Transfected cells were examined by fluorescence microscopy, 

taking into account the the GFP marker. Transfection success was 50-60% according to 

the study. The cultures were followed.  

As a result, after successful construction of pEGFPC3-KRAS-CDSm-LCS6n and 

pEGFPC3-KRAS-CDSm-LCS6m plasmid constructs using the CDS and 3'-UTR 

sequences of the KRAS gene, these constructs were successfully transfected into the cancer 

cell lines. After transfection, when the cells were tracked, GFP signal was also observed 
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in the cancer cells containing both constructs. In transfection, transfection with 

Lipofectamine® 3000 resulted in a higher number of transfected cells. Therefore, 

transfection experiments were continued with Lipofectamine® 3000. 

On the other hand,  Approximately one week after the transfection of  pEGFPC3-

KRAS-CDSm-LCS6n and pEGFPC3-KRAS-CDSm-LCS6m constructs to the eukaryotic 

cell line, dramatically decrease of GFP cells was observed. For this reason, we concluded 

that pEGFP-C3 expression plasmid was not suitable for our long-term studies. As a result 

of this finding, it was decided to construct plasmid constructs with a more stable 

expression vector which provides the persistence of transfected DNA in the cells. Thus, 

both of the obtained KRAS-CDSm-LCS6n and KRAS-CDSm-LCS6m sequences were 

transferred to the lentiviral expression vector. 

3.2.2. Cloning Of The KRAS-CDSm-LCS6n and KRAS-CDSm-LCS6m Sequences 

Into Lentiviral Eukaryotic Expression Vector pLenti-CMV-GFP-2A-Puro 

The bi-cistronic lentiviral vector  pLenti-CMV-GFP-2A-Puro (8950 bp) was used for 

cloning of KRAS-CDSm-LCS6n and KRAS-CDSm-LCS6m sequences containing both 

the CDS and 3'-UTR region of the KRAS gene (Figure 3. 5). 

 

Figure 3. 5.. Bi-cistronic lentiviral vector. (abmgood.com) 
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Due to the vector change, the used restriction enzymes to amplify the CDS and 3'-

UTR regions of the KRAS gene were also changed. The NheI, SalI and BamHI enzymes 

were used to digest the pLenti-CMV-GFP-2A-Puro (8950 bp) bi-cistronic lentiviral vector 

and all steps such as ligation, culture, plasmid DNA isolation were successfully performed 

. 

As a result, lentiviral pLenti-KRAS-CDSm-LCS6n and pLenti-KRAS-CDSm-

LCS6m constructs were obtained. These constructions were archived with glycerol 

stocking for use in the current study and for other types of cancer for the same purpose. 

3.2.3. Transfection of pLenti-KRAS-CDSm-LCS6n, pLenti-KRAS-CDSm 

LCS6m and Empty pLenti-CMV-GFP-2A-Puro Lentiviral Plasmid 

Constructs Into NCI-H441 and A549 Cell Lines 

In order to transfer these plasmid structures to eukaryotic cells, the structures were 

cloned and transformed into E. coli,  followed by bacterial culture, plasmid isolation and 

transfection of each resulting construct into NCI-H441 and A549 cells were performed. 

For this, plasmid constructs isolated primarily from the normal host cell and transfection 

into 2A cells was performed with Lipofectamine® 3000 (Figure 3.6). 

 

Figure 3.6.  Fluorescence microscope image. 2A cells after transfection with (A) pLenti-

KRAS-CDSm-LCS6m and (B) pLenti-KRAS-CDSm-LCS6n plasmids (from Prof. Dr. 

Hasan ACAR’s TÜBİTAK project No: 112S498). 
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Viral particles containing plasmid constructs were obtained from 2A cells, and 

these viral particles were transfected into A549 and NCI-H441 cells. With this application, 

for the selective elimination of non-transfected cells, the cells were seeded onto the 

puromycin. Approximately one month after transfection, the transfection rate in the cells 

carrying the pLenti-KRAS-CDSm-LCS6m construct was 50-60%, while the transfection 

efficiency in the cells carrying the pLenti-KRAS-CDSm-LCS6n construct was 

approximately 80-90%.  

In addition, it was observed that the cells containing the pLenti-KRAS-CDSm-

LCS6m construct underwent morphological changes (Figure 3.7). At the same time, for 

control purposes, negative control construct  (pLenti-CMV-GFP-2A-Puro) was 

transfected to the A549 and NCI-H441 cells using the same method. 

Transfection was completed by monitoring the GFP positivity in the cells at the 

designated puromycin dose (Figure 3.8). After this step, the cells continued to be cultured 

for a period of time in the medium containing low dose puromycin (0.2 μg/ml) and frozen 

at -86°C for use in concurrent experiments. It was confirmed that the transfections were 

successfully performed with transfection controls. 

 

Figure 3.7. (A549-1) After transfection,  A549 cells with the pLenti-KRAS-CDSm-

LCS6m plasmid construct, fluorescence microscope images were taken at 10x, 20x, 40x. 
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Figure 3.8. (A549-2) After transfection,  A549 cells with the pLenti-KRAS-CDSm-

LCS6n plasmid construct, fluorescence microscope images were taken at 10x, 20x, 40x. 

 

Figure 3.9. (A549-3) After transfection,  A549 cells with the empty pLenti-CMV-GFP-

2A plasmid vector, fluorescence microscope images were taken at 10x, 20x, 40x. 
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Figure 3.10. (NCI-H441-1) After transfection, NCI-H441cells with the pLenti-KRAS-

CDSm-LCS6m plasmid construct, fluorescence microscope images were taken at 10x, 20x, 40x. 

 
Figure 3.11. (NCI-H441-2) After transfection, NCI-H441cells with the pLenti-KRAS-

CDSm-LCS6n plasmid construct, fluorescence microscope images were taken at 10x, 20x, 40x. 
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Figure 3.12. (NCI-H441-3) After transfection, NCI-H441cells with the empty pLenti-

CMV-GFP-2A plasmid vector, fluorescence microscope images were taken at 10x, 20x, 40x. 

The results and comment, the A549 and NCI-H441 cells were transfected with 

different lentiviral plasmid constructs and transfections were performed using 

Lipofectamine® 3000. The A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-

1, NCI-H441-2 and NCI-H441-3 cells were successfully obtained with puromycin 

selection.  

The A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-1, NCI-H441-2 

and NCI-H441-3 cells containing different KRAS and empty lentiviral plasmids were used 

in the targeted experiments of the project. 
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3.3.  Migration, Invasion and Proliferation Assays 

In order to study the metastasis pathway, the effect of the 3'-UTR LCS6 mutation 

of the KRAS gene on migration, invasion and proliferation in vitro at different time 

intervals was investigated. Optimization was first performed with A549 and NCI-H441 

cells, which do not contain the plasmid construct. Then, in vitro migration, invasion and 

proliferation analysis were performed in A549 and NCI-H441 cells containing different 

plasmid constructs. 

The effects of the 3'-UTR LCS6 mutation of the KRAS gene on the metastasis pathway 

were examined using optimization protocols of the migration, invasion and proliferation 

assays on A549 and NCI-H441 cells that did not contain plasmid constructs. 

3.3.1.  Migration Assay of Cells Containing KRAS Gene Constructs in Vitro 

Initially, the optimization experiments were performed with A549-0 and NCI-

H441-0 cells. The wound-healing assay (strach assay) was used as the migration assay. 

For the wound healing assay, with the help of a sterile 10 μl pipette, the cells were 

scratched, scratches/wounds were opened following the drawings '+' and '-'. A single-cell 

layer was removed, and in this way a wound bed was created (Figure 3.13).  

The cells were monitored at regular intervals until the scratch (wound) was 

completely closed. Surface area calculation was performed using the Image J software 

program (Figure 3.14). 

    
Figure 3.13. Inverted microscope image of wound/scratch areas as '-' and '+' for A549 

cell population. 
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A

 
B

Figure 3.14. Visual and numerical decline of wound / scratch areas of (A) - and (B) '+' at 

0,12, 24, 48 hours on the A549-0 cell plates. 
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The wound healing assay (strach assay) experiments were carried out on cell lines 

(The A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-1, NCI-H441-2, NCI-

H441-3 cells and BEAS-2B control cell), the measurement was performed at 0, 24, 48 and 

72 culture times. However, Due to doubling times of transfected cells may change, 

measurement times were modified to 0, 3, 6, 12, 24, 48 and 72 hours based on the 

measurements at 0, 3, 6 and 24 hours recommended by Pasqualato (Pasqualato A et al., 

2013).  

The obtained numerical values at the end of each period (0, 3, 6, 12, 24 and 48) 

were evaluated as statistical (Figures 3.15 to 3.20). Each experiment was repeated twice. 

 

 

Figure 3.15. BEAS-2B cells. Time-dependent images of wound /scratch areas at 0, 3, 6, 

12, 24, and 48 hours. (Magnification: x10) 
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Figure 3.16. (A) A549-0 and (B) A549-1 cells. Time-dependent images of 

wound/scratch areas at 0, 3, 6, 12, 24, and 48 hours. (Magnification: x10) 
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Figure 3.17. (C) A549-2 and (D) A549-3 cells. Time-dependent images of wound/scratch 

areas at 0, 3, 6, 12, 24, and 48 hours. (Magnification: x10). 
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Figure 3.18. (A) NCI-H441-0 and (B) NCI-H441-1 cells. Time-dependent images of 

wound /scratch areas at 0, 3, 6, 12, 24, and 48 hours. (Magnification: x10) 
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Figure 3.19. NCI-H441-2 and NCI-H441-3 cells. Time-dependent images of wound 

/scratch areas at 0, 3, 6, 12, 24, and 48 hours. (Magnification: x10) 
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Figure 3.20. Tables and graphs of measured surface areas of the various A549 and NCI-

H44 cells and experimental groups at specified times. The measurement at the reference 

point (0,0) is specified as 100%. 

 

According to these data and graphs, we find that migration rates in transfected 

A549 cells had a negative effect with the pEGFPC3-KRAS-CDSm-LCS6n and 

pEGFPC3-KRAS-CDSm-LCS6m plasmid constructs. The migration rates were lower 

than normal in cancer cells that do not contain plasmid transfection. The migration rates 

were from high to low; A549-0, A549-3, A549-2, BEAS-2B and A549-1 cells. 

While in NCI-H441 cells exactly the opposite happened, the migration rates after 

transfection in these cells increased significantly, especially whit pEGFPC3-KRAS-

CDSm-LCS6m plasmid construct (NCI-H441-1 cells). were from high to low; NCI-H441-

1, NCI-H441-2, NCI-H441-3, NCI-H441-0 and BEAS-2B cell. 
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The results and comment, It has proven that the mutations in the Let-7 miRNA 

binding region of  KRAS gene effective in vitro migration, but they have two contradictory 

effects, depending on the cell type. Negative effect on A549 cell types and positive effect 

on NCI-H441 cells. 

In A549 cells, it was observed that the migration in A549-1 cell containing 

pEGFPC3-KRAS-CDSm-LCS6m plasmid construct decreased significantly. This 

indicates that the double mutation has significantly affected the migration ability of this 

type of cells. 

There was also a decrease in migration rate in A549-2 cells containing the 

pEGFPC3-KRAS-CDSm-LCS6n plasmid construct, but at a lower rate of decrease. The 

highest rate of migration was in A549-0 cells that did not undergo transfection. 

The migration rate in the A549-3 cells containing the empty pLenti-CMV-GFP-

2A-Puro lentiviral plasmid constructs was also very close to A549-0 cells migration rate. 

This is evident in the details of the data and the graph in Figure 3.20. 

On the contrary, as the data and graphs of the NCI-H441 cells were illustrated in 

figure 3.18. Positive effect and a significant increase in migration rate occurred in cells 

that underwent transfection. The rate of increase was high in NCI-H441-1 cells containing 

pEGFPC3-KRAS-CDSm-LCS6m plasmid construct. There was also a rise in migration 

rate, but less in the NCI-H441-3 transfusion cells containing the empty pLenti-CMV-GFP-

2A-Puro lentiviral plasmid constructs. While the NCI-H441-2 cells containing the 

pEGFPC3-KRAS-CDSm-LCS6n plasmid construct did not significantly change 

compared to the NCI-H441-0 cells. 

The control BEAS-2B cells were the lowest in the migration rate. It was also noted 

that the migration rate in these cells should have been lower than shown in the data and 

the graphs. Where these cells are large compared to other cells, this shows that they took 

the space to migration more than normal. This is also proven by proliferation experiments. 
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3.3.2.  Invasion Analysis of Cells Containing KRAS Gene Constructs in Vitro 

The "Matrigel transwell chamber invasion assay" was used as an in vitro invasion 

assay. The matrix invasion experiment was performed using membranes coated with 

Matrigel matrix in a Boyden transwell chamber (well). The invasion protocol for both the 

various A549, NCI-H44 and BEAS-2B cells was successfully optimized (Figures 3.21 

and 3.22). Using the obtained numerical values, the invasion percentage and invasion 

index of each cell were calculated. 

 

Figure 3.21. Filter porous filter of the Boyden transwell chamber and invasive BEAS-2B 

cells (Magnification: 20x). 

Figure 3.22. Inverted microscope images of BEAS-2B cells  with matrigel and without 

matrigel. (A) without matrigel, (B) with matrigel. 
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Using the invasion optimization protocol, invasion experiments were performed in 

The A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-1, NCI-H441-2, NCI-

H441-3 cells and BEAS-2B control cell.  

Invasive cells under light microscope were photographed at (10x, 20x) and 

counted in computer environment (Fig 3.23, 3.24, 3.25, 3.26 and 3.27). 

The invasion percentage of each cell group and their invasion index were 

calculated according to the invasion index formula (% invasion test cell) / (% invasion 

control cell). Invasion percentage and invasion index graphs for the A549 and NCI-H441 

cell groups were generated (Fig. 31, 33). 

 

 

Figure 3.23. Inverted microscope images of BEAS-2B  cells with matrigel and without 

matrigel (Magnification: x10; x20 and x40, respectively). 
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Figure 3.24. Inverted microscope images of A549 cell groups (A549-0; A549-1; A549-2; 

A549-3) with matrigel and without matrigel (Magnification: 10,20 and 40x). 
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Figure 3.25. Invasion percentage and invasion index graphs of the A549 cell groups, 

invasion index generated according to invasion percentage. 

According to the data, the highest invasion index was observed in A549-3 cells 

and the lowest invasion index was observed in BEAS-2B control cells. The invasion 

percentage and index were calculated in experimental cell groups, it was determined that 

these cells were an invasive character, with varying levels of invasion according to the 

modified cell-type. 

The results and comment, It was determined that the 3'-UTR LCS6 mutations of 

the KRAS gene increased invasion in vitro. The invasion rate in the BEAS-2B control 

cells was significantly lower than that in the cancer control cells A549-0 ( **P= 0.0061) 

(Figure 3.25.A).  

The invasion rate in the A549-1 cells increased compared to A549-0 cells, but this 

increase has not statistical significance. The increase of invasion rate in A549-2 cells 

compared to A549-0 cells was more than the increase in A549-1 cells (*P = 0.0299), as 

observed (Figure 3.25.A). While the increase of invasion rate in A549-3 cells compared 

to A549-0 cells was higher than the others (* P = 0.0079). The invasion index is expressed 

as the ratio of the percent invasion of the test cells over the percent invasion of the control 

cells. As shown in Fig. 3.25.B, the invasion index was the highest at A549-3 cells and 

decreased at A549-2 cells, the least was at A549-1 cells. ANOVA analysis used to 

compare the groups, (*P<0.05). Data are representative of 3 independent experiments. 
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Figure 3.26. Inverted microscope images of  NCI-H441 cell groups with matrigel and 

without matrigel (Magnification: 10,20 and 40x). 
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Figure 3.27. Invasion percentage and invasion index graphs of the NCI-H441 cell groups, 

invasion index generated according to invasion percentage. 

According to the data, the highest invasion index was observed in NCI-H441-2 

cells and the lowest invasion index was observed in BEAS-2B control cells. The invasion 

percentage and index were calculated in experimental cell groups, it was determined that 

these cells were an invasive character, with varying levels of invasion according to the 

modified cell-type. 

The results and comment, It was determined that the 3'-UTR LCS6 mutations of 

the KRAS gene increased invasion in vitro. The invasion rate in the BEAS-2B control 

cells was significantly lower than that in the cancer control cells NCI-H441-0 ( **P= 

0.0079) (Figure 3.27.A). The invasion rate in the NCI-H441-1 cells increased compared 

to NCI-H441-0 cells, but this increase has not statistical significance. The increase of 

invasion rate in NCI-H441-2 cells compared to NCI-H441-0 cells was more than the 

increase in NCI-H441-1 cells (*P= 0.0389), as observed (Figure 3.27.A). While the 

increase of invasion rate in NCI-H441-3 cells compared to NCI-H441-0 cells was 

significantly decreased than the others. 

 As for the invasion index, as shown in Fig. 3.27.B, the invasion index was the 

highest at NCI-H441-2 cells and decreased at NCI-H441-1 cells, the least was at NCI-

H441-3 cells. Unlike other cell groups, the invasion index of NCI-H441-3 cells was more 

reduced from NCI-H441-0 cells. Comparison of invasion indexes between the 

experimental groups by ANOVA did not show statistical significance. Data are 

representative of 3 independent experiments. 
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3.3.3 Proliferation Analysis of Cells Containing KRAS Gene Constructs in Vitro 

Thiazolyl Blue Tetrazolium Blue (MTT)  method was used for in vitro 

proliferation experiments. Optimization experiments were carried out by repeating both 

24-hour, 48-hour and 72-hour experiments 6 times. 

Using the proliferation optimization protocol, proliferation experiments were 

performed in The A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-1, NCI-

H441-2, NCI-H441-3 cells and BEAS-2B control cell.  

Standard deviations within the cell groups were calculated and a 

proliferation/absorbance graphs were generated. 

 

 

Figure 3.28. A549 cell groups proliferation and viability results, MTT results 
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The results and comment, In general, the proliferation rate in experimental 

groups of various A549 cells was greater than in control cells. Comparison of general 

control cells (BEAS-2B cells) with cancer control cells (A549-0 cells) showed a 

significant reduction in proliferation of BEAS-2B cells compared to A549-0 cells at all 

stages of the experiment (24, 48 and 72 hours) (****P<0.0001) (Figure 3.28). 

Comparison of proliferation in the experimental group, A549-1cell containing 

pEGFPC3-KRAS-CDSm-LCS6m plasmid construct, A549-2 cells containing the 

pEGFPC3-KRAS-CDSm-LCS6n plasmid construct and A549-3 cells containing the 

empty pLenti-CMV-GFP-2A-Puro lentiviral plasmid construct with their control cells 

(A549-0) showed a reverse effect, where proliferation decreased in the experimental group 

cells at the three temporal stages and unevenly. 

Proliferation rate decreased in A549-1 cells compared to A549-0 cells at all stages 

of the experiment (24, 48 and 72 hours), with significant statistical values (respectively, 

***P=0.0004;***P=0.0005; **P=0.0051 ((Figure 3.28).  

The proliferation of A549-2 cells was also decreased slightly more than in A549-

1 cells compared to A549-0 cells at 24 and 48 hours (respectively, ***P=0.0007; 

***P=0.0005) (Figure 3.28.A and B), while the decrease in proliferation of A549-2 cells 

was slightly lower than in A549-1 cells at 72 hours (*P=0.0272) (Figure 3.28.C). 

The proliferation of A549-3 cells was also decreased compared to A549-0 cells, 

this decrease was less than in A549-1 and A549-2 cells at 24 hours (*P=0.0130) (Figure 

3.28.A). At 48 hours, the decrease in proliferation of A549-3 cells  was approximately 

equal to A549-1 cells (*P = 0.0019) (Figure 3.28.B), while the decrease was significant at 

72 hours  (****P<0.0001)(Figure 3.28.C). Decrease of proliferation rate between A549-

1 and A549-2 cells was convergent, and did not show statistical significance for the 

difference between them. 

Independently of the time A549 cell groups showed a significant decrease when 

compared with their control groups  (ANOVA analysis, ****P<0.0001). 
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Figure 3.29. NCI-H441 cell groups proliferation and viability results, MTT results 

The proliferation rate in experimental groups of various NCI-H441 cells was also 

greater than in the control cells. Comparison of general control cells (BEAS-2B cells) with 

cancer control cells (NCI-H441-0 cells) showed a significant reduction in proliferation of 

BEAS-2B cells compared to NCI-H44-0 cells at all stages of the experiment (24, 48 and 

72 hours) (respectively, **** P<0.0001;**P=0.0064; *P=0.0187)(Figure 3.29). 

Comparison of proliferation in the experimental group, NCI-H441-1cell 

containing pEGFPC3-KRAS-CDSm-LCS6m plasmid construct, NCI-H441-2 cells 

containing the pEGFPC3-KRAS-CDSm-LCS6n plasmid construct and NCI-H441-3 cells 

containing the empty pLenti-CMV-GFP-2A-Puro lentiviral plasmid construct with their 

control cells (NCI-H441-0) showed a different change in the proliferation rate depending 

on cell type. 

Proliferation rate increased in NCI-H441-1 cells compared to NCI-H44-0 cells at 

all stages of the experiment (24, 48 and 72 hours), the proliferation rate of the NCI-H441-

1 cells was higher at 24 hours (Figure 3.29.A), followed by 72 hours (Figure 3.29.C), and 
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then 48 hours (Figure 3.29.B), with statistical values (respectively, **** P<0.0001;* 

P=0.0415; **P=0.0012). The proliferation rate in NCI-H441-1 cells was higher than in 

other experimental group cells. 

In contrast to NCI-H441-1 cells, proliferation rate in NCI-H441-2 cells was 

decreased compared to NCI-H441-0 cells. This decrease had a statistical significance at 

24 hours (** P = 0.0075). 

The proliferation rate in NCI-H441-3 cells was fluctuating according to time. 

Where the proliferation rate of NCI-H441-3 cells was increased compared to NCI-H441-

0 cells at 24 and 48 hours (Figure 3.29.A and B), the increase had a statistical significance 

at 24 hours (** P = 0.0011), while the proliferation rate of NCI-H441-3 cells decreased 

than in NCI-H441-0 cells at 72 hours (*P=0.0107) (Figure 3.29.C). 

The difference of proliferation rate between NCI-H441-1 and NCI-H441-2 cells 

was significant, where the proliferation rate was higher in NCI-H441-1 cells at all stages 

of experimentation (respectively, **** P<0.0001;**P=0.0045; **P=0.0048)(Figure 

3.29). 

Independently of the time NCI-H441 cell groups showed a significant decrease 

when compared with their control groups  (ANOVA analysis, ****P<0.0001). 

 

 

 

 

 

 

 



   88 
 

3.4.  Protein Level Expression Analysis of Target Genes in Cells Containing KRAS 

Gene Constructs (Western Blot Analysis). 

In order to detect the protein expression levels of the target genes, protein 

expression analyzes were optimized (primarily) by Western blotting. The optimized steps 

include: protein isolation, SDS-PAGE, protein blotting, and antibody-detection steps. The 

best method for protein isolation, the RIPA Buffer method (Sigma-Aldrich, R0278), the 

proteins were then extracted using this method. 

For the SDS-PAGE separation gel, it was observed that the most suitable target 

concentration was 10%. In the made optimization studies, the gel was stained with gel 

coomassie blue staining solution (Vivantis, Malaysia; Bio-Rad, USA). Although the 

obtained proteins from different cells were loaded in the same volume (50 μg) into the 

wells, it was observed that the proportion of the proteins in the stained gel with coomassie 

blue was not the same (Fig. 3.31.A). 

For optimization of the blotting step, the obtained proteins from different cells 

were run on polyacrylamide gels at the same concentrations. In order to show the same 

amount of proteins loaded in the performed blotting optimization, antibody against β-actin 

(housekeeping reference protein) was selected (Fig. 3.30). 
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Figure 3.30. Chemoluminescence imaging of the membrane treated with β-actin antibody 

and a graphical representation of the density difference between the bands 

As a result, a standard curve was established using protein standards in the 

optimization experiments and The sample values were calculated according to this curve 

line (R2 ≥ 0.95). However, in order to obtain guaranteed results in our experimental 

systems Bradford protein assay kit of Bio-Rad was used, then the target genes were 

analyzed by the Western blot method.  

Using the Bradford protein assay each experiment was repeated 6 times, and their 

averages were used to calculate volume and concentration of the isolated protein sample 

for analysis of the target proteins (Figure 3.31.B, C and D). Protein concentration in the 

western blot studies was optimized using the Bradford protein assay 
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Figure 3.31. (A) Coomassie blue stained polypeptide profiles of extracted proteins from 

different cell cultures separated by SDS-PAGE. (B) isolated proteins from different cell 

groups for standard curve formation with Bradford assay kit (SDS-PAGE; Coomassie blue 

staining), in this study, a visually similar band structure and shape were obtained in each 

well. (C) Standard curve graph. According to this graphical finding, despite each serial 

dilution, R2>0.99 was obtained. This value can be accepted, but the approximate value of 

1 makes it an ideal data. (D) appearance of treated PVDF membrane with β-actin antibody 

containing isolated proteins from A549 cell experimental groups after chemiluminescence 

assay. 

 

The selected and optimized β-actin protein (housekeeping reference protein) was 

used as control protein for each gene analysis in each cell group. In this context, the target 

genes worked together in the A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-
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1, NCI-H441-2, NCI-H441-3 cells and BEAS-2B control cell, and no significant change 

in β-actin levels was observed in any cell type (P> 0.05). 

Using the optimization protocol, Protein expression assays of the target genes were 

performed in The A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-1, NCI-

H441-2, NCI-H441-3 cells and BEAS-2B control cell. The results of western blot protein 

analysis in cell culture are given below. The experiments in each group were repeated at 

least 5 times, the presented data is the average of repeat experiments. 

Using our optimized assay system, AKT1/2/3 protein level analysis were 

performed in The A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-1, NCI-

H441-2, NCI-H441-3 cells and BEAS-2B control cell. AKT1 / 2/3 protein levels were 

examined in both A549 and NCI-H441 cells. The obtained data from cell groups were 

compared within cell groups, as well as with control cells. 

According to the obtained data; AKT1/ 2/3 protein expression in A549-0 cells was 

significantly higher (P <0.05) compared to BEAS-2B control cell, AKT1/ 2/3 protein 

expression was also high in A549-1 and A549-3 compared with A549-0, and it was higher 

at A549-1, while protein expression decreased slightly at A549-2.  

The comparison between A549-1 and A549-2 showed that protein expression level 

is high in A549-1 and this increase had a high statistical significance (P=0.0073) (Table-

3.1). 

Table 3.1. Statistical comparison of AKT1/2/3 protein expression in A549 cell groups. 

Cell / Cell Comparison P-Value Importance level 

BEAS-2B / A549-0 0.0004 *** P<0.05 

A549-0 / A549-1 0.0230 * P<0.05 

A549-0 / A549-2 0.6576 P>0.05 

A549-0 / A549-3 0.1275 P>0.05 

A549-1/ A549-2 0.0073 ** P<0.05 
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The results and comment, The KRAS G12V mutation in cells A549 (A549-2) 

does not significantly affect the AKT1/2/3 protein expression level. It may affect 

negatively and cause a slight decrease.  

While the KRAS LCS6 mutation in the 3'-UTR region with the G12V mutation 

(A549-1) causes synergistic between the two mutations, this synergy increases the 

AKT1/2/3 protein expression level. As well as the presence of pLenti-CMV-GFP-2A 

empty plasmid vector (A549-3) also leaded to the AKT1/2/3 protein expression level 

increase (Figure 3.32 A). 

 

Figure 3.32. Western blot result and graphical representation of AKT1/2/3 protein 

expression levels in cell groups. (A) A549 cell group, (B)  NCI-H441 cell group. 

 

As for the NCI-H441 cell group, AKT1/ 2/3 protein expression in NCI-H441-0 

cells was significantly higher (****P<0.05) compared to BEAS-2B control cell, 

AKT1/2/3 protein expression levels were decreased in NCI-H441-1 and NCI-H441-2 cells 



   93 
 

compared with NCI-H441-0 cells. This decrease was statistically significant in NCI-

H441-1(*P<0.05).  

The protein expression level was slightly higher in NCI-H441-3 cells compared 

with NCI-H441-0 cells, but this increase has no statistical significance (Table 3.2). 

Table 3.2. Statistical comparison of AKT1/2/3 protein expression in NCI-H441 cell 

groups. 

Cell / Cell Comparison P-Value Importance level 

BEAS-2B / NCI-H441-0 < 0.0001 **** P<0.05 

NCI-H441-0 / NCI-H441-1 0.0473 * P<0.05 

NCI-H441-0 / NCI-H441-2 0.1893 P>0.05 

NCI-H441-0 / NCI-H441-3 0.5387 P>0.05 

NCI-H441-1/ NCI-H441-2 0.2212 P>0.05 

 

The results and comment,  the KRAS LCS6 and G12V mutations had a negative 

effect on the AKT1/2/3 protein expression levels in NCI-H441 cell group, these mutations 

alone or together (NCI-H441-1 and NCI-H441-2) caused a statistically significant 

decrease in the protein expression level. While pLenti-CMV-GFP-2A empty plasmid 

vector (NCI-H441-3) led to slightly increase in the AKT1/2/3 protein expression level 

(Figure 3.32.B).  

 

p-AKT1/2/3 protein expression level analysis was performed in A549 and NCI-

H441 cell groups. The obtained data from cell groups were compared within cell groups, 

as well as with control cells. 

According to the obtained data; p-AKT1/ 2/3 protein expression level in A549-0 

cells was significantly higher (***P <0.05) compared to BEAS-2B control cell, The 

protein expression level also increased in various A549 cells compared to their control 

cells, where  p-AKT1/2/3 protein expression levels were high in A549-1, A549-2 and 

A549-3 compared with A549-0.  
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The highest level of expression occurred in A549-2 cells then A549-3 cells and 

then A549-1 cells, these results have high statistical significance  (Table-3.3). 

Table 3.3. Statistical comparison of p-AKT1/2/3 protein expression in A549 cell groups 

Cell / Cell Comparison P-Value Importance level 

BEAS-2B / A549-0 0.0005 *** P<0.05 

A549-0 / A549-1 0.0412 * P<0.05 

A549-0 / A549-2 0.0008 *** P<0.05 

A549-0 / A549-3 0.0096 ** P<0.05 

A549-1/ A549-2 0.0154 * P<0.05 

 

The results and comment,  the KRAS LCS6 mutation (A549-1 cells), G12V 

mutation (A549-2 cells) and pLenti-CMV-GFP-2A empty plasmid vector (A549-3 cells) 

had positive effect on the p-AKT1/2/3 protein expression levels in A549 cell group. The 

effects were statistically significant and the highest increase in protein level was with the 

KRAS LCS6 mutation (in A549-1 cells) (Figure 3.33 A). 

As for the NCI-H441 cell group, p-AKT1/ 2/3 protein expression in NCI-H441-0 

cells was significantly higher (***P<0.05) compared to BEAS-2B control cell, p-

AKT1/2/3 protein expression levels were decreased slightly in NCI-H441-1, NCI-H441-

2 and NCI-H441-3 cells compared with NCI-H441-0 cells. These expression reductions 

did not have statistical significance (Table-3.4). 
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Table 3.4. Statistical comparison of p-AKT1/2/3 protein expression in NCI-H441 cell 

groups 

Cell / Cell Comparison P-Value Importance level 

BEAS-2B / NCI-H441-0 0.0007 *** P<0.05 

NCI-H441-0 / NCI-H441-1 0.5198 P>0.05 

NCI-H441-0 / NCI-H441-2 0.5654 P>0.05 

NCI-H441-0 / NCI-H441-3 0.3548 P>0.05 

NCI-H441-1/ NCI-H441-2 0.9396 P>0.05 

 

The results and comment, the KRAS LCS6 mutation (A549-1 cells), G12V 

mutation (A549-2 cells) and pLenti-CMV-GFP-2A empty plasmid vector (A549-3 cells) 

had a negative effect on the p-AKT1/2/3 protein expression levels in NCI-H441 cell 

group, This negative effect resulted in expression reduction in both NCI-H441-1, NCI-

H441-2 and NCI-H441-3 cells. The effects did not have statistical significance  (Figure 

3.33 B). 

 

Figure 3.33. Western blot result and graphical representation of p-AKT1/2/3 protein 

expression levels in cell groups. (A) A549 cell group, (B)  NCI-H441 cell group. 
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ERK1/2 protein expression level analysis was performed in A549 and NCI-H441 

cell groups. The obtained data from cell groups were compared within cell groups, as well 

as with control cells. 

According to the obtained data; ERK1/2 protein expression level in A549-0 cells 

was not significantly higher compared to the BEAS-2B control cell, and has no statistical 

significance. ERK1/2 protein expression was significantly high in A549-1 and A549-3 

compared with A549-0 (P<0.05), but it was higher at A549-1. While protein expression 

decreased slightly at A549-2 compared to A549-0, without statistical significance. The 

comparison between A549-1 and A549-2 showed that protein expression level is 

significantly high in A549-1 and this increase had a high statistical significance 

(P=0.0024) (Table-3.5). 

Table 3.5. Statistical comparison of ERK1/2 protein expression in A549 cell groups. 

Cell / Cell Comparison P-Value Importance level 

BEAS-2B / A549-0 0.3363 P>0.05 

A549-0 / A549-1 0.0094 ** P<0.05 

A549-0 / A549-2 0.7634 P>0.05 

A549-0 / A549-3 0.0486 * P<0.05 

A549-1/ A549-2 0.0024 ** P<0.05 

 

The results and comment, The KRAS G12V mutation in cells A549 (A549-2) does 

not significantly affect the ERK1/2 protein expression level. It may affect negatively and 

cause a slight decrease. While the KRAS LCS6 mutation in the 3'-UTR region with the 

G12V mutation (A549-1) causes synergistic between the two mutations, this synergy 

increases significantly the ERK1/2 protein expression level.  

As well as the presence of pLenti-CMV-GFP-2A empty plasmid vector (A549-3) 

also leaded to the ERK1/2 protein expression level increase (Figure 3.34 A). 

As for the NCI-H441 cell group, ERK1/2 protein expression in NCI-H441-0 cells 

was significantly high (**P<0.05) compared to BEAS-2B control cell, ERK1/2 protein 
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expression levels were decreased in NCI-H441-1 compared with NCI-H441-0 cells, This 

decrease was statistically significant in NCI-H441-1(*P<0.05). The ERK1/2 protein 

expression level was slightly higher in NCI-H441-2 cells compared with NCI-H441-0 

cells, but this increase has no statistical significance, While the protein expression level 

in NCI-H441-3 was approximately equal to the expression evel in NCI-H441-0.  

The statistical value of reduced expression in NCI-H441-1 cells compared to NCI-

H441-2 cells was also significant (Table-3.6). 

Table 3.6. Statistical comparison of ERK1/2 protein expression in NCI-H441 cell groups. 

Cell / Cell Comparison P-Value Importance level 

BEAS-2B / NCI-H441-0 0.0090 ** P<0.05 

NCI-H441-0 / NCI-H441-1 0.0486 * P<0.05 

NCI-H441-0 / NCI-H441-2 0.6878 P>0.05 

NCI-H441-0 / NCI-H441-3 0.9739 P>0.05 

NCI-H441-1/ NCI-H441-2 0.0481 * P<0.05 

 

The results and comment, the KRAS LCS6 and G12V mutations together (in NCI-

H441-1) had a negative effect on the ERK1/2 protein expression. While the KRAS G12V 

mutation (NCI-H441-2) and pLenti-CMV-GFP-2A empty plasmid vector (NCI-H441-3)  

had no effect on the ERK1/2 protein expression level (Figure 3.34 B). 
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Figure 3.34. Western blot result and graphical representation of ERK1/2 protein 

expression levels in cell groups. (A) A549 cell group, (B)  NCI-H441 cell group. 

 

p-ERK1/2 protein expression level analysis was performed in A549 and NCI-

H441 cell groups. The obtained data from cell groups were compared within cell groups, 

as well as with control cells. 

According to the obtained data; p-ERK1/2 protein expression level in A549-0 cells 

was higher (*P <0.05) compared to BEAS-2B control cell, The p-ERK1/2 protein 

expression level also increased in various A549 cells compared to their control cells, 

where  p-ERK1/2 protein expression levels were high in A549-1, A549-2 and A549-3 

compared with A549-0. 

 The highest level of expression occurred in A549-3 cells then A549-1 cells and 

then A549-2 cells, the increase in expression level between these cells is very close. These 

results have high statistical significance  (Table-3.7). 
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Table 3.7. Statistical comparison of p-ERK1/2 protein expression in A549 cell groups 

Cell / Cell Comparison P-Value Importance level 

BEAS-2B / A549-0 0.0281 * P<0.05 

A549-0 / A549-1 0.0048 ** P<0.05 

A549-0 / A549-2 0.0322 * P<0.05 

A549-0 / A549-3 0.0024 ** P<0.05 

A549-1/ A549-2 0.7214 P>0.05 

 

The results and comment,  the KRAS LCS6 mutation (A549-1 cells), G12V 

mutation (A549-2 cells) and pLenti-CMV-GFP-2A empty plasmid vector (A549-3 cells) 

had a positive effect on the p-ERK1/2 protein expression levels in A549 cell group. The 

effects were statistically significant and the increase in expression level between these 

cells is very close.(Figure 3.35 A). 

As for the NCI-H441 cell group, p-ERK1/2 protein expression in NCI-H441-0 

cells was significantly high (**P<0.05) compared to the BEAS-2B control cell, p-ERK1/2 

protein expression was significantly high in NCI-H441-1, NCI-H441-2 and NCI-H441-3 

cells compared with NCI-H441-0 cells (P<0.05), but it was higher at NCI-H441-1, the 

increase in expression levels between the NCI-H441-1 and NCI-H441-2 cells is very 

close. These increases have high statistical significance (Table-3.8). 

Table 3.8. Statistical comparison of p-ERK1/2 protein expression in NCI-H441 cell 

groups 

Cell / Cell Comparison P-Value Importance level 

BEAS-2B / NCI-H441-0 0.0064 ** P<0.05 

NCI-H441-0 / NCI-H441-1 0.0053 ** P<0.05 

NCI-H441-0 / NCI-H441-2 0.0441 * P<0.05 

NCI-H441-0 / NCI-H441-3 0.0498 * P<0.05 

NCI-H441-1/ NCI-H441-2 0.1170 P>0.05 
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The results and comment,  the KRAS LCS6 mutation (NCI-H441-1 cells), G12V 

mutation (NCI-H441-2 cells) and pLenti-CMV-GFP-2A empty plasmid vector (NCI-

H441-3 cells) had a positive effect on the p-ERK1/2 protein expression levels in NCI-

H441 cell group. The effects were statistically significant and the KRAS LCS6 mutation 

in the 3'-UTR region with the G12V mutation (NCI-H441-1) causes synergistic between 

the two mutations, this synergy increases significantly the p-ERK1/2 protein expression 

level (Figure 3.35 B). 

 

Figure 3.35. Western blot result and graphical representation of p-ERK1/2 protein 

expression levels in cell groups. (A) A549 cell group, (B)  NCI-H441 cell group 
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3. 5.  Expression Analysis of Target Genes (Quantitative Real Time PCR (qPCR)) 

Initially, optimization experiments of expression analysis at the mRNA level of 

target genes were performed with A549 and NCI-H441 cells, which do not contain the 

plasmid construct. Therefore, for optimization purposes, total RNA isolation, cDNA 

synthesis from total RNA, the design of specific primers of target genes and Real-time 

PCR procedures were performed. The quality and integrity of obtained total RNAs were 

determined by observing 18S and 28S rRNA bands with ethidium bromide staining in gel 

electrophoresis  (Figure 3.36). The obtained samples were stored at -86 ° C until use. 

Specific primers of the targeted genes were optimized using conventional PCR. In 

order to obtain accurate results in quantitative real time PCR (qPCR), primer efficiency 

was determined for the each primer pair and optimizations were performed. The 

primer/PCR activity was calculated to demonstrate the expression of the targeted genes at 

the RNA levels properly (to get rid of false positives and negatives). The target gene 

regions were amplified by conventional PCR in order to equalize the number of copies in 

qPCR reactions and demonstrate primer activity. 

Figure 3.36. Agarose gel image of isolated RNA samples. The 18S and 28S bands in 

RNA were clearly and successful total RNA appearance for experiments. 



   102 
 

In the project, GAPDH gene was used as housekeeping gene. The standard curve 

was given to the expression of qPCR results of the GAPDH control gene. cDNA template 

numbers were calculated based on ΔCT. all of the genes were optimized with SYBR green 

intercalating dye (Fig. 3.37 and 3.38). 

Using the optimization protocol, expression analysis of target genes was 

performed in The A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-1, NCI-

H441-2, NCI-H441-3 cells and BEAS-2B control cell. The GAPDH housekeeping was 

extensively evaluated to reveal the level of significance of each examined gene. 

 

Figure 3.37. Graphic representation of the primary dilution and Cq (cycle threshold). 

 

  

Figure 3.38. Schematic representation of melting curve. 
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Using our optimized assay system, analysis of mRNA expression levels of AKT1 

gene were performed in The A549-0, A549-1, A549-2, A549-3, NCI-H441-0, NCI-H441-

1, NCI-H441-2, NCI-H441-3 cells and BEAS-2B control cell. 

 AKT1 gene expression levels were examined in both A549 and NCI-H441 cells.  

The obtained data from cell groups were compared within cell groups, as well as 

with control cells. 

According to the obtained data; mRNA expression level of AKT1 gene in A549-0 

cells was significantly lower (***P < 0.0001) compared to BEAS-2B control cell, mRNA 

expression level of AKT1 gene was also high in  A549-1, A549-2 and A549-3 compared 

with A549-0 (respectively, ***P=0.0002;***P=0.0001; ***P=0.0009) (Figure 3.39).  

. The comparison between A549-1 and A549-2 showed that AKT1 expression 

level is high in A549-2 and this increase had not statistical significance. 

The results and comment, The KRAS LCS6 and KRAS G12V mutations in cells 

A549 have significantly affect the mRNA expression level of AKT1 gene. As well as the 

presence of pLenti-CMV-GFP-2A empty plasmid vector (A549-3) also leaded to the 

AKT1 expression level increase (Figure 3.39 A). 

As for the NCI-H441 cell group, mRNA expression level of AKT1 gene in NCI-

H441-0 cells was low (**P=0.0013) compared to the BEAS-2B control cell, AKT1 gene 

expression was high in NCI-H441-1 and NCI-H441-2 compared with NCI-H441-0 cells 

(respectively, *P=0.0490;*P=0.0163), but it was higher at NCI-H441-2, the increase in 

expression levels between the NCI-H441-1 and NCI-H441-2 cells is close.  

The results and comment,  the KRAS LCS6 mutation (NCI-H441-1 cells) and 

G12V mutation (NCI-H441-2 cells) had a positive effect on the mRNA expression level 

of AKT1 gene in NCI-H441 cell group (Figure 3.39 B). 
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Figure 3.39. Graphical representation of mRNA expression levels of AKT1 gene in cell 

groups. (A) A549 cell group, (B)  NCI-H441 cell group. 

 

AKT 2  mRNA expression level analysis was performed in A549 and NCI-H441 

cell groups. The obtained data from cell groups were compared within cell groups, as well 

as with control cells. 

According to the obtained data; mRNA expression level of AKT2 gene in A549-0 

cells was higher (*P<0.05) compared to the BEAS-2B control cell, AKT2 gene expression 

levels were decreased in A549-1 and A549-2 cells compared with A549-0 cells. This 

decrease was statistically significant in A549-2(*P<0.05). While mRNA expression was 

significantly higher (*P=0.0389) at A549-3 compared to A549-0 cells. 

The results and comment, the KRAS LCS6 and G12V mutations had a negative 

effect on the AKT 2  mRNA expression levels in A549 cell group, these mutations alone 

or together (A549-1 and A549-2) caused a statistically significant decrease in the gene 

expression level. While pLenti-CMV-GFP-2A empty plasmid vector (A549-3) led to 

increase in the mRNA expression level of AKT2 gene (Figure 3.40 A). 

As for the NCI-H441 cell group, mRNA expression level of AKT2 gene in NCI-

H441-0 cells was significantly high (***P<0.0001) compared to the BEAS-2B control 

cell, AKT2 mRNA expression was significantly high in NCI-H441-1 and NCI-H441-2 

compared with NCI-H441-0 cells (respectively, **P=0.0021; *P=0.0132. While mRNA 

expression level decreased at NCI-H441-3 compared to A549-0.  
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The comparison between NCI-H441-1 and NCI-H441-2 showed that gene 

expression level is significantly high in NCI-H441-1 and this increase had a high statistical 

significance (*P=0.0474) ((Figure 3.40 B).). 

The results and comment,  the KRAS LCS6 mutation (NCI-H441-1 cells), G12V 

mutation (NCI-H441-2 cells) had a positive effect on the mRNA expression level of 

AKT2 genes in NCI-H441 cell group. The effects were statistically significant and the 

KRAS  LCS6 mutation in the 3'-UTR region with the G12V mutation (NCI-H441-1) 

causes synergistic between the two mutations, this synergy increases significantly the 

AKT2 gene expression level (Figure 3.40 B). 

 

Figure 3.40. Graphical representation of mRNA expression levels of AKT2 gene in cell 

groups. (A) A549 cell group, (B)  NCI-H441 cell group. 

 

AKT 3  mRNA expression level analysis was performed in A549 and NCI-H441 

cell groups. The obtained data from cell groups were compared within cell groups, as well 

as with control cells. 

According to the obtained data; mRNA expression level of AKT3 gene in A549-0 

cells was significantly lower (**P =0.0066) compared to BEAS-2B control cell, mRNA 

expression level of AKT3 gene was also high in  A549-1, A549-2 and A549-3 cells 

compared with A549-0 cells (respectively, *P=0.0465;*P=0.0432; **P=0.0092), but it 

was higher at A549-3 cells (Figure 3.41).  
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The comparison between A549-1 and A549-2 showed that AKT3 expression level 

was high in A549-1 and this increase had not statistical significance. 

The results and comment, The KRAS LCS6 and KRAS G12V mutations in cells 

A549 have significantly affect the mRNA expression level of AKT3 gene. As well as the 

presence of pLenti-CMV-GFP-2A empty plasmid vector (A549-3) also leaded to the 

AKT3 expression level increase (Figure 3.41 A). 

As for the NCI-H441 cell group, mRNA expression level of AKT3 gene in NCI-

H441-0 cells was low (**P=0.0042) compared to the BEAS-2B control cell, AKT3 gene 

expression was high in NCI-H441-1 and NCI-H441-2 compared with NCI-H441-0 cells 

(respectively, **P=0.0097;**P=0.0053), the increase in expression levels between the 

NCI-H441-1 and NCI-H441-2 cells was very close. While mRNA expression level 

decreased at NCI-H441-3 compared to A549-0.  

The results and comment,  the KRAS LCS6 mutation (NCI-H441-1 cells) and 

G12V mutation (NCI-H441-2 cells) had a positive effect on the mRNA expression level 

of AKT3 gene in NCI-H441 cell group (Figure 3.41 B). 

 

 

Figure 3.41. Graphical representation of mRNA expression levels of AKT3 gene in cell 

groups. (A) A549 cell group, (B)  NCI-H441 cell group. 
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ERK1  mRNA expression level analysis was performed in A549 and NCI-H441 

cell groups. The obtained data from cell groups were compared within cell groups, as well 

as with control cells. 

According to the obtained data; mRNA expression level of ERK1  gene in A549-

0 cells was higher compared to BEAS-2B control cell without statistical significance, 

mRNA expression level of ERK1 gene was significantly higher in A549-1, A549-2 and 

A549-3 compared with A549-0 (respectively, *P=0.0341;***P=0.0005; ***P= 0.0009), 

A549-2 and A549-3 were significantly high than A549-1 (Figure 3.42 A).  

. The comparison between A549-1 and A549-2 showed that ERK1 expression 

level was high in A549-2 and this increase had statistical significance (***P=0.0007).  

The results and comment, The KRAS LCS6, KRAS G12V mutations and pLenti-

CMV-GFP-2A empty plasmid vector in cells A549 have significantly affect the mRNA 

expression level of ERK1 gene. 

As for the NCI-H441 cell group, mRNA expression level of ERK1 gene in  NCI-

H441-0 cells was significantly higher (**P=0.0087) compared to the BEAS-2B control 

cell, ERK1 mRNA expression levels were decreased in NCI-H441-1 and NCI-H441-2 

cells compared with NCI-H441-0 cells. This decrease was statistically significant in NCI-

H441-1 and NCI-H441-2  (respectively, *P=0.0169;*P=0.0194). While ERK1 gene 

expression in NCI-H441-3 was slightly larger or approximately equal to NCI-H441-0 

cells, without statistical significance. 

The results and comment, the KRAS LCS6 and G12V mutations had a negative 

effect on mRNA expression levels of ERK1 gene in NCI-H441 cell group, these mutations 

alone or together (NCI-H441-1 and NCI-H441-2) caused a statistically significant 

decrease in the mRNA expression level. While pLenti-CMV-GFP-2A empty plasmid 

vector (NCI-H441-3) led to slightly increase in the mRNA expression level of ERK1 gene 

(Figure 3.42 B). 
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Figure 3.42. Graphical representation of mRNA expression levels of  ERK1 gene in cell 

groups. (A) A549 cell group, (B)  NCI-H441 cell group. 

 

ERK2  mRNA expression level analysis was performed in A549 and NCI-H441 

cell groups. The obtained data from cell groups were compared within cell groups, as well 

as with control cells. 

According to the obtained data; mRNA expression level of ERK2  gene in A549-

0 cells was slightly lower compared to BEAS-2B control cell without statistical 

significance, the expression level of ERK2 gene was higher in A549-1 compared with 

A549-0 cells. While the ERK2 mRNA expression levels were decreased in A549-2 

(*P=0.0210) and A549-3 compared with A549-0 cells (Figure 3.43). The comparison 

between A549-1 and A549-2 showed that ERK2 expression level was significantly high 

in A549-1 and this increase had statistical significance (**P=0.0083).  

The results and comment, the KRAS G12V mutation in cells A549 (A549-2) has 

a negative affect the ERK2 mRNA expression level. While the KRAS LCS6 mutation in 

the 3'-UTR region with the G12V mutation (A549-1) causes synergistic between the two 

mutations, this synergy increases significantly the mRNA expression level of ERK2  gene 

in A549 cells. As well as the presence of pLenti-CMV-GFP-2A empty plasmid vector 

(A549-3) also leaded to decrease the ERK2 gene expression level (Figure 3.43.A). 

As for the NCI-H441 cell group, mRNA expression level of ERK2  gene in NCI-

H441-0 cells was slightly lower compared to BEAS-2B control cell without statistical 
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significance. mRNA expression level of ERK2 gene in the NCI-H441-1 was slightly 

larger or approximately equal to NCI-H441-0. While the ERK2 mRNA expression levels 

were decreased in NCI-H441-2 and NCI-H441-3 (*P=0.0271) compared with A549-0 

cells. (Figure 3.43 B).  The comparison between NCI-H441-1 and NCI-H441-2 showed 

that ERK2 expression level was higher in NCI-H441-1 (Figure 3.43.B). 

The results and comment, as in the A549, the KRAS G12V mutation in cells NCI-

H441 (NCI-H441-2) has a negative affect the ERK2 mRNA expression level. While the 

KRAS  LCS6 mutation in the 3'-UTR region with the G12V mutation (NCI-H441-1) 

causes synergistic between the two mutations, this synergy increases significantly the 

mRNA expression level of ERK2  gene in NCI-H441 cells too. As well as the presence of 

pLenti-CMV-GFP-2A empty plasmid vector (NCI-H441-3) also leaded to decrease the 

ERK2 gene expression level. 

 

Figure 3.43. Graphical representation of mRNA expression levels of  ERK2 gene in cell 

groups. (A) A549 cell group, (B)  NCI-H441 cell group. 
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The target genes were compared with this gene and the relative fold changes were 

determined using the ΔΔCt method (Table 3.9 and 3.10) (Figure 3.44 and 3.45). Twice 

and more changes were considered significant. The experiments in each group were 

repeated at least 5 times, the presented data is the average of repeat experiments. 

When A549-1, A549-2  and A549-3 cells were compared to A549-0 cells; a 

significant increase in AKT1 levels was detected in cells A549-1 cells (4.89 fold), A549-

2 cells (4.48 fold), and A549-3 cells (3.97.48 fold). While comparing AKT1 levels 

between A549-1 and A549-2 cells, no significant change was observed (-0.19 fold). 

Decreased levels of AKT2 expression were observed in all A549 cell structures, 

A549-1 cells (-0.83 fold), A549-2 cells (-1.6 fold), and A549-3 cells (-0.08 fold). 

The level of decline between A549-1 cells and A549-2 cells was close (0.76 fold). 

An increase in mRNA expression levels of AKT3 gene was observed in all A549 

cells with variance difference between cell structures, where the levels of expression were 

higher in A549-3 cells (3.21 fold), while was lower in A549-1 cells (1.9 fold) and A549-

2 cells (0.92 fold). The level of decline between A549-1 cells and A549-2 cells was not 

significant (0.92 fold). 

As for ERK1 gene, an increase in expression levels was observed in all A549 cells, 

this increase was significant in A549-2 cells (4.73 fold), and A549-3 cells (4.52 fold), 

while was not significant in A549-1 cells (1.59 fold). When comparing ERK1 gene 

expression level in A549-1 cells with A549-2 cells we observed a significant reduction (-

3.14 fold). 

ERK2 expression levels almost were not altered in A549-1 cells (0.06 fold) and 

A549-3 cells (0.02 fold), while was lower in A549-2 cells (-0.95 fold). There was an 

increase in the ERK2 expression level between A549-1 cells and A549-2 cells, but  the 

level of increase was not significant (1.01 fold). Details of the above in the (Table 3.9) 

(Figure 3.44).  
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Table 3.9. Relative fold increases of gene expressions in A549 cell group. 

 
 

 
Figure 3.44. Relative fold increases in gene expression in A549 cell group. 

(A) comparison of A549-1 and A549-0, (B) comparison of A549-2 and A549-0,(C) 

comparison of A549-3 and A549-0, (D) comparison of A549-1 and A549-2. 
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When NCI-H441-1,NCI-H441-2  and NCI-H441-3 cells were compared to NCI-

H441-0 cells; an increase in mRNA expression levels of AKT1 gene was observed in each 

group NCI-H441 cell group, but the level of increase was not significant NCI-H441-1 

cells (0.49 fold), NCI-H441-2 cells (0.83 fold), and NCI-H441-3 cells (1.28 fold). 

A slight increase of the AKT2 gene expression in NCI-H441-1 cells (0.22 fold) 

and NCI-H441-2 cells (0.25 fold), while the AKT2 gene expression was slightly reduced 

in NCI-H441-3 cells (-0.47 fold). 

As for AKT3 gene, the increase in mRNA expression levels of AKT1 gene was 

observed in  NCI-H441-1 cells (1.83 fold) and NCI-H441-2 cells (2.17 fold), while the 

gene expression was reduced in NCI-H441-3 cells (-1.36 fold). 

ERK1 expression level was significantly decreased (-2.3 fold) in NCI-H441-2 

cells, gene expression levels were also decreased in NCI-H441-1 cells and NCI-H441-3,  

but this decrease was not significant (respectively, -1.75 fold; -0.91 fold). 

A slight increase of the ERK2 gene expression levels in NCI-H441-1 cells (0.13 

fold) and NCI-H441-2 cells (0.32 fold), while the ERK2 gene expression was reduced in 

NCI-H441-3 cells (-1.28 fold). 

Furthermore, when NCI-H441-1 and NCI-H441-2 cells were compared with each 

other, increases in AKT2 and ERK1 gene expression levels were observed (respectively, 

0.14 fold; 0.7 fold). while decreases were observed in AKT1, AKT3 and ERK3 gene 

expression levels (respectively, -0.34 fold; -0.34 fold; -0.84 fold), this increases and 

decreases were not significant. Details of the above in the (Table 3.10) (Figure 3.45). 
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Table 3.10. Relative fold increases of gene expressions in NCI-H441 cell group. 

 

 

Figure 3.45. Relative fold increases in gene expression in NCI-H441 cell group.  

(A) comparison of NCI-H441-1 and NCI-H441-0, (B) comparison of  NCI-H441-2 and 

NCI-H441-0, (C) comparison of  NCI-H441-3 and A549-0, (D) comparison of NCI-H441-

1 and NCI-H441-2. 
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4. DISCUSSION 

Nowadays, genetic markers have started to be widely used in the formation of 

cancer,  the type or subtype of cancer, the cancer diagnosis, the treatment option depending 

on the cancer diagnosis and and follow-up of treatment. Increasingly, the use of genetic 

testing as a diagnostic tool for genetic screening and treatment determinant continues to 

increase rapidly as genetic tests determine the changes in genes that are responsible for 

the cancer etiology and considered as a marker in therapy. Developments in the past 

decade have revealed that  NSCLC is not just a single cancer, but rather a group of 

molecular specific neoplasms with characteristic biology and clinical results. 

KRAS mutations occur in about 20% of all human cancers, specifically spread in 

pancreatic adenocarcinoma (PDAC,90%), colorectal cancer (40%) and lung cancer 

(NSCLC,25%) (Malumbres M, et all. 2003). KRAS gene is one of the generally mutated 

oncogenes in the lung cancer, mutations often occur in codons 12 and 13, and much less 

in codon 61.  

The G12C mutation is the most common observed mutation in lung cancer, and is 

associated with tobacco use (~ 40 %), and then G12V (~22%) and G12D (~16%). The 

mutations lead to the loss of GTPase activity. Thus, the oncoprotein becomes essentially 

active, thus activates a series of the downstream signaling pathway, including the PI3K-

AKT-mTOR and RAF-MEK-ERK pathways. Currently, studies focus on targeting these 

pathways in order to inhibit KRAS gene. 

However, there is no statistical data in the literature regarding the reasons why the 

mutations in the KRAS 12 and 13 codons in each cancer of different cancers, and the 

frequency difference is often interpreted as a coincidence. Much work has been done in 

the literature on the clinical effects of mutations in the codons 12 and 13 of the KRAS 

gene, and even on the therapeutic response impacts (Margonis G et al., 2015, Bournet B 

et al., 2016, Fiala O et al., 2016, Shen Y et al., 2016). On the other hand, in literature, 

studies have been carried out to detect the effects of KRAS gene mutations on the 

intracellular and intracellular signaling pathways in different cancers (Zhenyu J et al., 

2007). Surprisingly, the overall data available related to KRAS mutation effects on 
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metastasis in the lung cancer is very limited, While a significant increase in KRAS 

mutation frequency was found with metastasis in colorectal cancer studies (Modest D et 

al., 2011). 

Over the past decades, several studies have been conducted to understand the role 

of KRAS mutations in the NSCLC oncogenesis (Pylayeva-Gupta Y et al., 2011, 

Downward J et al.,1998). Until the present time, targeting these mutations over the past 

decades has not successful. Over the last few years, efforts to develop drugs targeting the 

Raf/MEK/ERK and PI3K/Akt/mTOR pathways have led to an enhanced understanding 

KRAS mutants in the lung cancers, and has provided hope that it is possible to successfully 

target these cancers. 

Non-regulation and cross-communication of signaling pathways have a major role 

in NSCLC tumorigenesis. signaling pathways include AKT-PI3K-mTOR, RAF-MEK-

ERK, MAP kinase, RLIP, RALGDS, etc. Unregulated signaling of KRAS with the 

previous pathways results in cell proliferation increase, suppression of apoptosis, 

metastases, metabolic dysfunction and angiogenesis increase, thus resulting in cancer cell 

proliferation (Papadimitrakopoulou V et al., 2012, Vasan N et al., 2014). This occurs in 

part through ERK, which activates the transcription factors that promote the progression 

of the cell cycle, while AKT disrupts pro-apoptotic proteins to suppress apoptosis (Cox A 

et al., 2003, Downward J et al., 2003). 

According to previous studies, phosphorylated-AKT was detected in majority of  

NSCLC samples (50 – 73%) and it was associated with predictability and poor prognosis 

(Tsurutani J et al., 2006).The PI3KCA and AKT1 mutations were also detected in 2-5% 

and 1-2% of NSCLCs, respectively. The AKT-PI3K-mTOR and RAF-MEK-ERK 

pathways are drug development targets, and understanding the mechanisms of these 

pathways is essential before designing treatment strategies. 

Studies have shown that the single-nucleotide polymorphism (SNP) in the KRAS 

3'UTR region may function as genetic markers of cancer risk (Christensen B et al. 2009). 

It has been proven that LCS-SNP in KRAS 3'-UTR correlate with cancer risk, prognosis, 

drug efficacy (Zhang S et al. 2016). 
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In recent years, thousands of microRNAs (miRNAs) have been demonstrated in 

signal transduction studies that have important roles in regulating the expression of genes. 

This number is rapidly increasing day by day. Some of the miRNAs are known to be 

oncogenic, and others are tumor suppressor. miRNAs affect target genes by binding to the 

promoter and, in general, to the 3'-UTR regions. Mutations that occur in miRNA's 

sequences or target sequences disrupt the regulation of expression of target genes.  

In this context, many miRNAs that target the KRAS gene have been identified and 

these miRNAs are located in miRNA databases. The let-7 is a family of microRNAs that 

suppress the tumor and are repeatedly suppressed in solid tumors due to its ability to 

inhibit cellular proliferation and transformation, the human let-7 microRNAs are 

significantly involved in differentiation and proliferation of cells through growth by 

negatively regulate and targeting a large number of oncogenes such as Ras-family, 

CCND1, CDC25A, MYC, HMGA2 and other genes (Boyerinas B et al., 2010). miRNAs 

Let-7 expression is considerably lost in various cancers,  especially lung and Pancreatic 

adenocarcinoma, presence of let-7a or let-7f or both expressions are inversely associated 

with survival at NSCLCs patients (Ali S et al., 2012, Takamizawa J et al., 2004).  

The relationship between miRNA let-7 and the biological properties of cancer cells 

depends on the oncogenes and the signaling pathways of these genes. The Let-7 binds to 

mRNA 3'-UTR of the target oncogenes, thus contribute to a change in stability and control 

of gene expression. The Let-7 family plays an effective role in proliferation, 

differentiation of normal and cancer cells, cancer cell invasion and cell death. The 

importance of let-7 also lies in its essential role in tumor suppression and inhibition of 

tumor cell growth (Esquela-Kerscher A et al., 2006, Chang T et al., 2007).  

The microRNAs Let-7 family has been described as having the ability to regulate 

the expression of many oncogenes in lung cancer including KRAS gene (Johnson S et al., 

2005, Lee Y et al., 2007). Studies indicate that microRNAs Let-7 expression levels are 

significantly reduced in lung tumors (Takamizawa J et al., 2004, Johnson S et al., 2005), 

which in turn have been associated with worse clinical outcomes (Yanaihara N et al., 

2006).  Kras gene has a complementary binding site specific to the Let-7 in mRNA 3'-

UTR, and evidence suggests that Let-7 can suppress Kras expression and thus contribute 
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effectively to tumor suppression in carcinogenesis (Whelan J et al., 2012). microRNAs 

Let-7 family also regulate the PI3K signals by targeting of PIK3IP1, Where PIK3IP1 

3'UTR has a binding site  for Let-7, thus it plays a role in decreasing and increasing the 

AKT phosphorylation (DeFrances M et al., 2012). 

The results of in vitro studies describing the effect of a variable book on cell 

processes are contradictory, and the development of two potential scenarios: over-

expression of the oncogenes or let-7 level decrease (Chin L et al., 2008, Crowley E et al., 

2014). Let-7 complementary binding site (LCS) SNPs were found in KRAS 3′-URT, which 

affect the ability of the Let-7 binding, and this in turn leads to the abnormal expression of 

the KRAS gene (Johnson S., 2006). Therefore, these sites are considered as potential 

genetic predisposition factors for carcinogenesis. 

The Rs61764370 is considered the variant of the allele (rs61764370:T>G variant), 

that is located on the 3'UTR  LCS6 of the KRAS gene. It has the ability to decrease the 

Let-7 binding to KRAS 3'UTR, which leads to higher expression of KRAS gene (Chin L., 

2008). Cumulative studies showed the correlation between rs61764370 and cancer risk 

(Pharoah P et al., 2011, Paranjape T et al., 2011, Ratner E et al., 2010). But the results of 

these studies have contradicted one another, for example,  Kjersem et al. reported no 

important effect of rs61764370 on colorectal cancer (Kjersem J et al., 2012). While in 

another report by Chen et al. the results showed that rs61764370 was significantly 

associated with risks among low-dose smokers (Chin L et al., 2008). This suggests that 

this variant is an important indicator of the carcinogenic effects of smoking. Another study 

linked the KRAS-LCS6 variant with a higher risk of Triple-negative breast cancer 

(Paranjape T et al., 2011),  another study also reported the role of KRAS-LCS6 variant in 

reducing survival with oral cancer (Christensen B et al., 2009). Conversely, there is a 

study that linked KRAS LCS6 variant with better results in the early stages of colorectal 

cancer, with the loss of this feature in advanced stage (Smits K et al., 2011). Other studies 

have also reported no association between KRAS LCS6 variant and ovarian cancer 

(Pharoah P et al., 2011, Caiola E et al., 2012). 

There is no research study in the literature investigating possible mechanisms that 

affect metastasis in mutations of the 3'UTR  LCS6  region of the KRAS gene. 
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In the present project, we put a hypothesis about mutation effects of miRNA Let-

7 binding site in the KRAS 3′UTR region on the metastasis, PI3K/AKT/mTOR and 

MAPK/ERK pathways in lung cancer. For a better understanding of the role of these 

mutations in carcinogenesis, we assessed whether the LCS6 mutation is associated with 

increased degradation and cancer susceptibility.  

Given the increased regulation of KRAS expression associated with the KRAS-

LCS6 variant, our hypothesis is that KRAS-LCS6 mutations primarily occur preferentially 

among people with wild-type LCS6 SNPs. According to numerous evidence in previous 

studies which indicate to reduction of miRNA let-7 levels are associated with poor 

prognosis patients, we hypothesize that KRAS-LCS6 mutations and KRAS-LCS6 variant 

(with accompanying miRNA-let-7 level decrease) are correlated with induction of 

carcinogenesis, increased metastasis, high levels of AKT or ERK gene expression, or both, 

and decreased survival time. 

In order to realize this hypothesis, cloning was done into mutant and non-mutant 

lentiviral eukaryotic expression vectors in the LCS6 sequence in the 3'-UTR binding site 

of the KRAS gene. Plasmid structures containing the mutation in G12V region and the 

mutation in LSC6 region of the 3'-UTR miRNA Let-7 binding site that encodes KRAS 

gene have been transferred to the desired cells. 

By adding the plasmid structures that were created to the A549, NCI-H44 cells, 

with the permanent transfection A549-1, A549-2 and A549-3 from the A549 cells,  and 

NCI-H44-1, NCI-H44-2 and NCI-H44-3 cells from the NCI-H44 cells were obtained. 

Using these obtained cells, the effects of  KRAS gene 3'-UTR LCS6 mutation were 

detected by molecular and genetic methods. 

In vitro studies that performed on the various A549 and NCI-H44 cells containing 

and not containing plasmid constructs of KRAS gene 3'-UTR LCS6 mutation resulted in 

the following basic data: 

First, regarding cell migration, it has proven that the G12V and 3'-UTR LSC6 

mutations in the Let-7 miRNA binding site of KRAS gene effective in vitro migration, 
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but they have two contradictory effects, depending on the cell type. Negative effect on 

A549 cell types and positive effect on NCI-H441 cells. 

Figures (3.16, 3.17 and 3.20) show a decrease in migration in A549 cells that 

contain the LSC6 and G12V mutations compared with its wild-type cell. The decrease in 

migration rate was higher in A549 cells that contained the LSC6 mutation, this indicates 

that the double mutation has significantly affected the migration ability of this type of 

cells. The migration rate was not affected in the A549-3 cells containing the empty 

lentiviral plasmid constructs, and was also very close to wild-type (A549-0) cells 

migration rate. 

On the contrary, there was a positive effect and a significant increase in the 

migration rate in NCI-H441 cells that underwent transfection and gained 3'-UTR LSC6 

mutation. The rate of increase was high in NCI-H441-1 cells containing the LSC6 

mutation (Figures 3.18, 3.19 and 3.20). The control BEAS-2B cells were the lowest in the 

migration rate. 

Secondly, regarding the invasion, it was determined that the 3'-UTR LCS6 and 

G12V mutations of the KRAS gene increased invasion in vitro. The figures (3.23 to 3.27) 

show that the invasion rate and index increased in A549 and NCI-H441 cells carrying the 

3'-UTR LCS6 and G12V mutations compared with its wild-type cells, the increase in 

invasion rate and invasion index was higher and has statistically significant in both A549 

and NCI-H441 cells that contained the G12V mutation. While the increase was not 

significant in A549 and NCI-H441 cells that carried 3'-UTR LCS6 mutations.   

The difference occurred in the cells containing the empty plasmid construct, where 

the invasion rate and index significantly increased in A549-3 cells that containing the 

empty construct, while the invasion was not affected in NCI-H441-3 cells with the same 

construct. The invasion rate in the BEAS-2B control cells was significantly lower than 

that in the cancer control cells (A549-0 and NCI-H441-0 cells).  

Thirdly, regarding the cell proliferation, it has proven that the 3'-UTR LSC6 

mutations in the Let-7 miRNA binding site of KRAS gene effective in vitro on cell 
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proliferation, but they have two contradictory effects, depending on the cell type. Negative 

effect on A549 cell types and positive effect on NCI-H441 cells compared with its wild-

type cells. Where the proliferation rate in A549-1 cells carrying the 3'-UTR LSC6 

mutation decreased, while the proliferation rate was significantly increased in NCI-H441 

cells with 3'-UTR LSC6 mutation. 

As for the cells that contained the G12V mutation, there was a decrease in cell 

proliferation in both A549 and NCI-H441 cells compared with its wild-type cells and in 

close proportion (Figures 3.28 and 3.29). 

Fourthly, regarding the protein expression levels (western blot analysis), results 

varied depending on cell types and gene. AKT1/ 2/3 and p-AKT1/ 2/3 protein expression 

levels were significantly higher in A549-1 cells that carried the 3'-UTR LSC6 mutation, 

while the protein expression levels of these genes decreased slightly in NCI-H441-1 cells 

that carried the same mutation compared with its wild-type cells. 

As for the A549-2 cells containing the G12V mutation, there was no noticeable 

change in AKT1/ 2/3 protein expression level, while the p-AKT1/ 2/3 protein level was 

significantly increased with G12V mutation compared with its wild-type cancer cells. 

As for the cells containing the empty plasmid constructs, p-AKT1/ 2/3 protein 

level was significantly increased in A549 cells, whereas AKT1/ 2/3 and p-AKT1/ 2/3 

protein expression levels were not affected in NCI-H441 cells that contain the empty 

plasmid constructs. As expected, the AKT1/ 2/3 and p-AKT1/ 2/3 protein expression 

levels in BEAS-2B control cell was very lower (Figures 3.32 and 3.33). 

The high expression of ERK1/2 and p-ERK1/2 protein levels were found in A549-

1 cells that carried the 3'-UTR LSC6 mutation compared to its wild-type cells (A549-0 

cells). While the results showed that when the ERK1/2  protein expression level was 

decreased in NCI-H441-1 cells containing the 3'-UTR LSC6 mutation, the p-ERK1/2 

protein expression level significantly increased in this cells compared to its wild-type cells 

(NCI-H441-0 cells). 
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As for the ERK1/2 and p-ERK1/2 protein expression in cells containing the G12V 

mutation, it was observed that the ERK1/2 protein expression level did not change 

significantly in both A549 and  NCI-H441 cells, while there was a significant increase in 

the p-ERK1/2 protein expression level in both cells compared to its wild-type cells 

(Figures 3.34 and 3.35). 

As for the cells containing the empty plasmid constructs, ERK1/2 and p-ERK1/2 

protein expression level were significantly increased in A549 cells, whereas ERK1/2 and 

p-ERK1/2 protein levels were not affected in NCI-H441 cells that contain the empty 

plasmid constructs. As expected, the ERK1/2 and p-ERK1/2 protein expression levels in 

BEAS-2B control cell was very lower. 

Fifthly, regarding target genes expression (Figures from 3.39 to 3.45), we 

observed a significant increase in the AKT1 gene expression level in A549 and NCI-H441 

cells that contain both 3'-UTR LCS6 and G12V mutations compared with its wild-type 

cell.  

As for AKT2 gene, there was a decrease in AKT2 gene expression levels in A549 

cells with both 3'-UTR LCS6 and G12V mutations, while there was an increase in AKT2 

gene expression levels in NCI-H441 cells and with both 3'-UTR LCS6 and G12V 

mutations compared with its wild-type cell. 

Significant increases were also observed in the AKT3 gene expression level in 

A549 and NCI-H441 cells that contain both 3'-UTR LCS6 and G12V mutations compared 

with its wild-type cell. 

ERK1 gene, there was a decrease in ERK1 gene expression levels in NCI-H441 

cells with both 3'-UTR LCS6 and G12V mutations, while there was an increase in ERK1 

gene expression levels in A549 cells and with both 3'-UTR LCS6 and G12V mutations 

compared with its wild-type cell. 

As for ERK2 gene, there was a significant increase in ERK2 gene expression level 

in A549-1 cells containing 3'-UTR LCS6 mutation, while there was no effect on the  ERK2 

gene expression level in NCI-H441 cells with 3'-UTR LCS6 mutation compared with its 
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wild-type cell. ERK2 gene expression levels in both A549 and NCI-H441 cells that contain 

G12V mutations were significant decrease compared with its wild-type cell. 

These previously unpublished findings in the literature can be summarized as 

follows: 

A) Our studies in vitro found that the mutation of  LSC6 region increases the cell 

invasion, migration and proliferation of lung cancer.  This obtained results from 

our in vitro studies are new finding for the literature and confirm the project 

hypothesis. 

 

B) The mutation in the LCS6 region of the KRAS gene increases cancer 

aggressiveness. 

 

C) According to the in vitro studies we performed, After evaluating the results 

obtained from Gene expression analysis by quantitative Real-Time PCR and 

western blot protein analysis, we found that both the LCS6 and G12V mutations 

affect the ERK and AKT pathways in lung cancer cells, and increase the 

expression of these genes (Figure 4.1). These results are new finding for the 

literature. 
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Figure 4.1. Potential effects when combining LCS6 with G12V mutations on ERK and 

AKT pathways and metastasis in lung cancer cells. 

 

D) Depending on the increases of cell invasion, migration, proliferation rates and 

up-regulation of AKT and ERK phosphorylation, we can confirm that the KRAS 

LSC6 mutation leads to increased metastasis in lung cancer. 

 

E) Based on these results, in addition to individuality of cancer, the difference of 

LCS6 mutation effect on A549 and NCI-H441 cells confirms that the 
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pathological behavior of cancerous cells and the amount of response to the 

mutations and the appearance of its effect varies depending on the genomic 

structure of the cells. 

F) In this context, the questions emerge about the effects of other genes than Let-7 

such as Lin28, Myc, Hmga2 and IL-6 on lung cancer and KRAS gene specifically. 

Especially around the Lin28 gene, which is responsible for the gene regulation of 

miRNA Let-7. The relationship between the mutation in the LSC6 region of the 

KRAS gene and the Lin28 gene emerges as a separate question. The relationship 

between the mutation in the LSC6 region of the KRAS gene and the Lin28 gene is 

a separate question, where previous studies indicate that the double-negative 

feedback loop involving lin-28 regulates biosynthesis of miRNA-let-7. 

Therefore, the Lin28 gene and associated pathways are believed to be important 

in oncogenesis. 

G) Our results and another study results (TUBITAK project No. 1001 112S498, yet 

unpublished data) indicate that sometimes depending on the genetic structure of 

the cells, G12V and LCS6 mutations are mutually reinforcing (synergistic 

response) in some cell types, leading to increased cell proliferation, growth, 

migration, invasion, etc. While in other cell types, G12V and LCS6 mutations 

weaken each other, means that when these mutations are collected in some cells, 

these cells are inversely affected, thus the results are reversed in the cancer 

development and this leads to a decrease in migration, invasion, proliferation, 

and Increase of apoptosis. 

To understand mechanisms of the effect of LCS6 mutations, and before we discuss 

the differing effects on migration and proliferation between A549 and NCI-H441 cells, It 

is useful to briefly review the result of the other study: 

In the TUBITAK project No. 1001 112S498 (unpublished data), when the KRAS 

gene mutation was transferred to the miRNA binding site of the 3'-UTR region in the 

different larynx cancer cell lines, it was observed that there was a short period of 

cumulative death in the cells. It was found that the mutation in the LCS6 region began a 
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direct apoptotic process in the UM-SSC-17A. On the other hand, in HEp-2 and HEK-293 

cells, cell death was not observed but cellular changes were observed.  

According to the obtained data, the G12V mutation alone does not show an 

apoptotic effect at cellular level of UM-SSC-17A cells, while presence of the G12V with 

LCS6 mutations leads to rapid apoptosis of UM-SSC-17A cells. In contrast, presence of 

the LCS6 with the G12V mutation in HEK293 and HEp2 cells was limited to different 

effects on cell proliferation, invasion, migration, etc. 

These results, which have not yet been published and are not found in the literature; 

the changes in the 3'-UTR miRNA binding site of the KRAS gene are considered deadly 

in some cell types and cause to remove these cells from the body. While it is not fatal in 

other cell types. This indicates a relationship between cancers and KRAS gene. On the 

other hand, it was determined that LCS6 mutation caused fold decreases in miRNA Let-7 

expressions. 

Based on the above, the LCS6 mutation caused a change in the stability of the 

PI3K-AKT-mTOR and RAF-MEK-ERK pathways and lead to loss of control over the 

signaling of these pathways. This results in increased expression of these pathways, which 

in turn leads to increased cell proliferation, migration, invasion of cancer cell lines, 

decreased apoptosis and processes underlying enhanced metastasis. We saw this clearly 

in the first type of lung cancer cells (NCI-H441 cells) with LCS6 mutation, where 

increased AKT and ERK expressions were associated with increased levels of migration, 

invasion and proliferation, and this increases the level of metastasis caused by the 

mutation from this side. 

In contrast, as we have seen in the second type of lung cancer cells (A549 cells), 

although the high expression of AKT and ERK pathways and increased phosphorylated 

levels of AKT and ERK (pAKT and pERK), did not result in increased cell proliferation 

and migration in A549 cells with LCS6 mutation, but also a slight decrease occurred in 

migration and proliferation levels compared to the wild-type a549 cells that did not have 

the LCS6 mutation. In addition, although there was an increase in the invasion level in 
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A549 cells with LCS6 mutation, it was not significant compared to the expression increase 

of AKT and ERK or compared to the invasion level in NCI-H441 cells. 

There are several potential predictions about the reasons that led to that, these 

possibilities are as follows: 

1) The LCS6 mutation leads to the induction of apoptosis in the A549 cells, but at 

the same time, this mutation causes increased the AKT and ERK signaling 

pathways and increased expression levels of these genes as well, which in turn 

inhibits and suppress apoptosis by inactivating the FOXO and BAX proteins. 

The apoptosis induction through effects and pathways resulting from the LCS6 

mutation and then suppression of this apoptosis leads to a relatively negative 

effect on cell growth, proliferation and migration.  

The cells remain in the instability state that does not affect the invasion and 

increase the ability to metastases in these cells. This may be the reason that 

KRAS gene is considered to have a low effect on carcinogenesis in some cancers 

and a high effect in other cancers. As one of the possible reasons for this, it is 

thought that mutations in the KRAS gene may cause the removal of clonal cells in 

cancer regions by inducing apoptotic process during the development of cancer. 

Thus, these mutations contribute to the suppression of apoptosis, which 

indirectly caused it. Stimulation of these pathways contributes to the avoidance 

and overcoming of other problems in other pathways, which results in the rescue 

of cells from death and survival. thus increasing the tumor aggressiveness and 

the partial reduction of cell proliferation, migration and some other cellular 

activity at the same time. 

 

2) Accumulation of chromosomal defects and mutations in some cells leads to a 

negative effect on cell migration, proliferation, and others. In the sense that the 

LCS6 and G12V mutation when accompanied by other mutations and genetic 

changes, the suppression increases and the negative effect increases within the 

cells. Therefore, this leads to a decrease in the cell migration and proliferation 

rates despite the increased AKT and ERK gene expression levels.  
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For example, A549 cell lines contain the following chromosomal abnormalities: 

"der (6) t (1; 6) (q11; q27); ? del (6) (p23); del (11) (q21), del (2) (q11), M4 and 

M5" (http://atcc.org., 2018), in addition there are 713 mutations in A549 cell 

lines were reported in COSMIC (http://cancer.sanger.ac.uk/cosmic., 2018). 

Therefore, it is expected that LCS6 and G12V mutations, when they exist 

together, increase the burden on the A549 cell or interfere and interact with some 

chromosomal abnormalities or mutations present in the cell. This leads to 

negative effects on migration, proliferation, and some of the functions of these 

cancer cells. This may be the cause of apoptosis or autophagy and may lead to 

cell death in other cancers as in UM-SSC-17A cells. 

 

Figure 4.2. Mutant-KRAS-mediated cell death. A single mutation in KRAS or gene X 

alone is insufficient for cell death, while many mutations in these two genes may result in 

cell death. 
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3) Cell growth rate, proliferation rate, migration rate etc, are governed by multiple 

cell cycle regulators, including cyclins, cyclin-dependent kinases (CDKs), CDK 

inhibitors (CDKIs), maturation-promoting factor (MPF), In addition to a 

complex network of signal transduction pathways including lipid second 

messengers, kinases, small GTPases, cytoskeleton-modifying and motor proteins, 

as well as governed by the influence of mitogens, inhibitors and tumour 

suppressor genes, all these effects are not always directly proportional to AKT 

and ERK gene expression levels in different cancer cell lines. However, the 

metastasis cascade involves a number of complex cellular processes, such as cell 

growth, proliferation, migration, invasion, angiogenesis, immune evasion, 

adhesion, and survival etc, it is normal to expect that all these parameters do not 

always change in one direction and parallel in metastatic cancer cells. 

 

4) Effects of different gene signaling pathways related to miRNA-let-7, such as 

Lin28, Myc, Hmga2 and IL-6 may have a role in the negative regulation of 

proliferation and migration, when their signaling is associated with pathway 

signaling affecting the G12v mutation in some cancer cells. 

 

Finally, regardless of the different inhibitory effects in some cancer cell types, our 

results confirm that the LCS6 mutation increases AKT and ERK gene expression levels 

and leads to increased cell proliferation, migration and invasion, which in turn increases 

cancer aggressive and promotes metastasis in lung cancer cells. 

Our findings are essentially in line with several previous studies that have reported 

the role of KRAS mutations in carcinogenesis, and studies that have indicated poor 

prognosis associated with low let-7 levels in lung and breast cancer (Johnson S et al., 

2005; Yu F et al., 2007; Hu X et al., 2013; Takamizawa J et al., 2004; Yanaihara et al., 

2006). 

Our findings are also consistent with previous studies that reported the AKT/ERK 

signaling pathways to play essential roles in the development of several solid cancers 

(Leicht D et al, 2007; Song et al, 2011; Dozmorov et al, 2010; Vredeveld et al, 2012; 
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Gollob J et al, 2006; Christgen et al, 2013), Recently, targeted therapies are the focus of 

much anticancer drug development, they are referred to as treatment methods that aim to 

inhibit the processes on which cancer cells depend for survival, proliferation, and 

expansion. Because the activation of AKT/ERK pathways is associated with many vital 

processes such as increased cell growth, proliferation, migration, and invasion of cancer 

cell lines, these pathways are considered one of the most important therapeutic targets. 

Recent studies have suggested that inhibition of the PI3K-AKT-mTOR pathway increases 

the effectiveness of chemotherapy agents in human malignancies (Pal I., and Mandal M, 

2012; Engelman J, 2009). 

In line with the results, our study also confirms previous findings that also 

indicated the role of the LCS6 KRAS polymorphism its association with low miRNA let-

7 expression level and cancer risk (Chin L, 2008; Ratner E, 2010; Paranjape T, 2011; 

Pharoah P, 2011). The association of enhanced risk with the common effects of up-

regulated of KRAS expression, and down-regulation of the miRNA-let-7 level among 

those with the LCS6 variant genotypes, and its responsibility for increasing the risk of 

certain cancers such as  invasive epithelial ovarian and basal-type breast cancers (Ratner 

E, 2010; Pilarski R, 2012). 

We believe that cancer-related variant LCS6 affects KRAS protein expression in 

lung cancer cells, and is also involved in changing the miRNA-let-7 levels, this may lead 

to a change in the gene expression profile of the cancer cell.  

Our study also opens the possibility for further study on KRAS variants as 

carcinogenic markers and indicators, and consideration of these loci as candidate genetic 

susceptibility factors for carcinogenesis. In particular, it has been shown that the 

functional variant disrupts the miRNA let-7 binding site, resulting in increased expression 

of KRAS and other genes in vitro.  

Our study emphasizes the critical importance of studying genetic variants within 

the regulatory controls of the genome, in particular that differences in genomic alteration 

may be translated into therapeutic strategies. 
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5. CONCLUSION AND RECOMMENDATIONS 

The LCS6 mutation of the KRAS gene increases the cell proliferation, migration 

and invasion levels in A549 and NCI-H441 lung cancer cells. It also has a positive effect 

on the PI3K/AKT/mTOR and RAF/MEK/ERK pathways and increases the expression 

levels of these genes in the lung cancer cells. Therefore, this mutation is involved in tumor 

progression, metastasis and aggressive tumorigenicity in lung cancer. In addition, the 

magnitude of the mutation's effect in n the 3'UTR  LCS6 region of the KRAS gene varies 

relatively from one cell type to another, depending on the genotype of each cancer cell 

type. 

Although it is known that the G12V mutation of the KRAS gene affects tumor 

formation and metastasis pathway in some cancers, we also revealed its effects on lung 

cancer cells in the current project. We found that it also increases the cell proliferation, 

migration, invasion levels and increases the AKT and ERK gene expression levels and thus 

positively affects metastases pathway and tumor aggressiveness. 

Although we found that the effect of LCS6 and G12V mutations of the KRAS gene 

on metastasis pathway of lung cancer cells was via up-regulation of PI3K/AKT/mTOR 

and RAF/MEK/ ERK pathways, however, we also expect the involvement of other genes 

related to miRNA Let- 7 on metastasis, aggressiveness, carcinogenesis and prognosis of 

lung cancer.  

The scientific suggestions that can be drawn from interpretation of the obtained 

data can be listed and presented as follows:- 

1) In the framework of the findings obtained from this project, it is necessary to 

further investigate these results with experimental animal models. 

 

2) Are mutations in the 3'UTR LCS6 region also active in other lung cancers, as in 

A549 and NCI-H441 cells? Is the role of the KRAS gene in the etiology of lung 

cancers a little depends on whether this mutation has a lethal effect? 
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 In order to demonstrate this, this hypothesis should be tested with different cell 

lines and/or primer cell cultures. 

 

3) Although they are of the same type of cancer,  the difference of mutations in the 

genomic structure causes the cells to behave differently, resulting in different 

clinical manifestations in patients. For this reason, the LSC6 mutation in the 

NCI-H441 cells promotes cell proliferation and migration, while this mutation in 

the A549 cells does not promote  proliferation and migration despite the high 

expression of AKT and ERK pathways, therefore, it is necessary to study the 

mechanisms that regulate and control it, as well as the mechanisms that bring 

apoptosis to cells. 

 

4) The control of the biosynthesis of miRNA Let-7, which regulates the KRAS gene 

by binding to LCS6, and the genes involved in this control are important. The 

most important of these genes is Lin28 gene, the effect of this gene and other 

genes should be detected. 

 

5) In addition, the miRNA that regulates the KRAS gene is not only miRNA Let-7, 

other miRNA profiling is also important, so that it is possible to elucidate the 

behavioral differences in the cells used in the current project. 
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7. ATTACHMENTS 

7.1. Annex 1. KRAS gene sequence. 

Homo sapiens K-ras oncogene protein (KRAS) mRNA, complete cds. Sequence ID: 

gb|M54968.1|HUMKRASM 

ORIGIN 

1 tcctaggcgg cggccgcggc ggcggaggca gcagcggcgg cggcagtggc ggcggcgaag 

61gtggcggcgg ctcggccagt actcccggcc cccgccattt cggactggga gcgagcgcgg 

121 cgcaggcact gaaggcggcg gcggggccag aggctcagcg gctcccaggt gcgggagaga 

181 ggcctgctga aaatgactga atataaactt gtggtagttg gagcttgtgg cgtaggcaag 

241 agtgccttga cgatacagct aattcagaat cattttgtgg acgaatatga tccaacaata 

301 gaggattcct acaggaagca agtagtaatt gatggagaaa cctgtctctt ggatattctc 

361 gacacagcag gtcaagagga gtacagtgca atgagggacc agtacatgag gactggggag 

421 ggctttcttt gtgtatttgc cataaataat actaaatcat ttgaagatat tcaccattat 

481 agagaacaaa ttaaaagagt taaggactct gaagatgtac ctatggtcct agtaggaaat 

541 aaatgtgatt tgccttctag aacagtagac acaaaacagg ctcaggactt agcaagaagt 

601 tatggaattc cttttattga aacatcagca aagacaagac agggtgttga tgatgccttc 

661 tatacattag ttcgagaaat tcgaaaacat aaagaaaaga tgagcaaaga tggtaaaaag 

721 aagaaaaaga agtcaaagac aaagtgtgta attatgtaaa tacaatttgt acttttttct 

781 taaggcatac tagtacaagt ggtaattttt gtacattaca ctaaattatt agcatttgtt 

841 ttagcattac ctaatttttt tcctgctcca tgcagactgt tagcttttac cttaaatgct 

901 tattttaaaa tgacagtgga agtttttttt tcctcgaagt gccagtattc ccagagtttt 

961 ggtttttgaa ctagcaatgc ctgtgaaaaa gaaactgaat acctaagatt tctgtcttgg 

1021 ggtttttggt gcatgcagtt gattacttct tatttttctt accaagtgtg aatgttggtg 

1081 tgaaacaaat taatgaagct tttgaatcat ccctattctg tgttttatct agtcacataa 

1141 atggattaat tactaatttc agttgagacc ttctaattgg tttttactga aacattgagg 

1201 gacacaaatt tatgggcttc ctgatgatga ttcttctagg catcatgtcc tatagtttgt 

1261 catccctgat gaatgtaaag ttacactgtt cacaaaggtt ttgtctcctt tccactgcta 

1321 ttagtcatgg tcactctccc caaaatatta tattttttct ataaaaagaa aaaaatggaa 

1381 aaaaattaca aggcaatgga aactattata aggccatttc cttttcacat tagataaatt 

1441 actataaaga ctcctaatag ctttttcctg ttaaggcaga cccagtatga atgggattat 

1501 tatagcaacc attttggggc tatatttaca tgctactaaa tttttataat aattgaaaag 

1561 attttaacaa gtataaaaaa attctcatag gaattaaatg tagtctccct gtgtcagact 

1621 gctctttcat agtataactt taaatctttt cttcaacttg agtctttgaa gatagtttta 

1681 attctgcttg tgacattaaa agattatttg ggccagttat agcttattag gtgttgaaga 

1741 gaccaaggtt gcaagccagg ccctgtgtga accttgagct ttcatagaga gtttcacagc 

1801 atggactgtg tgccccacgg tcatccgagt ggttgtacga tgcattggtt agtcaaaaat 

1861 ggggagggac tagggcagtt tggatagctc aacaagatac aatctcactc tgtggtggtc 

1921 ctgctgacaa atcaagagca ttgcttttgt ttcttaagaa aacaaactct tttttaaaaa 

1981 ttacttttaa atattaactc aaaagttgag attttggggt ggtggtgtgc caagacatta 

2041 attttttttt taaacaatga agtgaaaaag ttttacaatc tctaggtttg gctagttctc 

2101 ttaacactgg ttaaattaac attgcataaa cacttttcaa gtctgatcca tatttaataa 

2161 tgctttaaaa taaaaataaa aacaatcctt ttgataaatt taaaatgtta cttattttaa 

2221 aataaatgaa gtgagatggc atggtgaggt gaaagtatca ctggactagg ttgttggtga 
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2281 cttaggttct agataggtgt cttttaggac tctgattttg aggacatcac ttactatcca 

2341 tttcttcatg ttaaaagaag tcatctcaaa ctcttagttt ttttttttta cactatgtga 

2401 tttatattcc atttacataa ggatacactt atttgtcaag ctcagcacaa tctgtaaatt 

2461 tttaacctat gttacaccat cttcagtgcc agtcttgggc aaaattgtgc aagaggtgaa 

2521 gtttatattt gaatatccat tctcgtttta ggactcttct tccatattag tgtcatcttg 

2581 cctccctacc ttccacatgc cccatgactt gatgcagttt taatacttgt aattccccta 

2641 accataagat ttactgctgc tgtggatatc tccatgaagt tttcccactg agtcacatca 

2701 gaaatgccct acatcttatt ttcctcaggg ctcaagagaa tctgacagat accataaagg 

2761 gatttgacct aatcactaat tttcaggtgg tggctgatgc tttgaacatc tctttgctgc 

2821 ccaatccatt agcgacagta ggatttttca accctggtat gaatagacag aaccctatcc 

2881 agtggaagga gaatttaata aagatagtgc agaaagaatt ccttaggtaa tctataacta 

2941 ggactactcc tggtaacagt aatacattcc attgttttag taaccagaaa tcttcatgca 

3001 atgaaaaata ctttaattca tgaagcttac tttttttttt ttggtgtcag agtctcgctc 

3061 ttgtcaccca ggctggaatg cagtggcgcc atctcagctc actgcaacct tccatcttcc 

3121 caggttcaag cgattctcgt gcctcggcct cctgagtagc tgggattaca ggcgtgtgca 

3181 ctacactcaa ctaatttttg tatttttagg agagacgggg tttcacctgt tggccaggct 

3241 ggtctcgaac tcctgacctc aagtgattca cccaccttgg cctcataaac ctgttttgca 

3301 gaactcattt attcagcaaa tatttattga gtgcctacca gatgccagtc accgcacaag 

3361 gcactgggta tatggtatcc ccaaacaaga gacataatcc cggtccttag gtactgctag 

3421 tgtggtctgt aatatcttac taaggccttt ggtatacgac ccagagataa cacgatgcgt 

3481 attttagttt tgcaaagaag gggtttggtc tctgtgccag ctctataatt gttttgctac 

3541 gattccactg aaactcttcg atcaagctac tttatgtaaa tcacttcatt gttttaaagg 

3601 aataaacttg attatattgt ttttttattt ggcataactg tgattctttt aggacaatta 

3661 ctgtacacat taaggtgtat gtcagatatt catattgacc caaatgtgta atattccagt 

3721 tttctctgca taagtaatta aaatatactt aaaaattaat agttttatct gggtacaaat 

3781 aaacagtgcc tgaactagtt cacagacaag ggaaacttct atgtaaaaat cactatgatt 

3841 tctgaattgc tatgtgaaac tacagatctt tggaacactg tttaggtagg gtgttaagac 

3901 ttgacacagt acctcgtttc tacacagaga aagaaatggc catacttcag gaactgcagt 

3961 gcttatgagg ggatatttag gcctcttgaa tttttgatgt agatgggcat ttttttaagg 

4021 tagtggttaa ttacctttat gtgaactttg aatggtttaa caaaagattt gtttttgtag 

4081 agattttaaa gggggagaat tctagaaata aatgttacct aattattaca gccttaaaga 

4141 caaaaatcct tgttgaagtt tttttaaaaa aagactaaat tacatagact taggcattaa 

4201 catgtttgtg gaagaatata gcagacgtat attgtatcat ttgagtgaat gttcccaagt 

4261 aggcattcta ggctctattt aactgagtca cactgcatag gaatttagaa cctaactttt 

4321 ataggttatc aaaactgttg tcaccattgc acaattttgt cctaatatat acatagaaac 

4381 tttgtggggc atgttaagtt acagtttgca caagttcatc tcatttgtat tccattgatt 

4441 tttttttttc ttctaaacat tttttcttca aaacagtata tataactttt tttaggggat 

4501 tttttttaga cagcaaaaaa ctatctgaag atttccattt gtcaaaaagt aatgatttct 

4561 tgataattgt gtagtgaatg ttttttagaa cccagcagtt accttgaaag ctgaatttat 

4621 atttagtaac ttctgtgtta atactggata gcatgaattc tgcattgaga aactgaatag 
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 7.2. Annex-2. Primer list used in cloning 

1. KRAS-UTRF: 5’-GCCAGGCTGGTCTCGAA-3’ 

2. KRAS-UTRR: 5’-CTGAATAAATGAGTTCTGCAAAACAGGTT-3’ 

3. KRAS-UTR-P1: 5’-VIC-CTCAAGTGATTCACCCAC-MGB-3’ 

4. KRAS-UTR-P: 5’-FAM-CAAGTGATGCACCCAC-MGB-3’ 

5. KRAS(3’-RFLP)F: 5’-CGTGTGCACTACACTCAACTA-3’ 

6. KRAS(3’-RFLP)R: 5’-AGTACCTAAGGACCGGGATTAT-3’ 

7. KRAS(5’)F: 5’-AAA-CTCGAG ATGACTGA ATATAAACTT GTGGTAGTTG G-

3’ (XHOI) 

8. KRAS(5’)R: 5’-TCACAGGCATTGCTAGTTCA-3’ 

9. MJ104: 5’-CTA-GCTAGC ATACAATTTGTACTTTTTTCTTAAGGCATAC-3’ 

(NHEI) 

10. LJC5: 5’-ATT-GGATCC TCAATGCAGAATTCATGCTATCCAG-3’ (BAMHI) 

11.KRAS(ALL)F1: 5’-AAA-CTCGAG GCC ATT TCG GAC TGG GA-3’ (XHOI) 

12.KRAS(ALL)F2: 5’-AAA-CTCGAG ATT TCG GAC TGG GAG CGA-3’ (XHOI) 

13.KRAS(ALL)F3: 5’-AAA-CTCGAG GAG AGG CYT GCT GAA AAT GAC TGA-

3’ (XHOI) 

14.KRAS (3’) R: 5’-ATT-GTCGAC TTA CAT AAT TAC WCA CTT TGT CTT TG-

3’(SALI) 

15. SMJ104 (KRAS)F: 5’-ATT-GTCGAC 

ATACAATTTGTACTTTTTTCTTAAGGCATAC- 

3’(SALI) 

16.KRAS(ALL)R1: 5’-ATTGGATCCCAA GGT AAC TGC TGG GTT CTA-3’ 

(BAMHI) 

17.MJ104 (TERS): 5’-GTA TGC CTT AAG AAA AAA GTA CAA ATT GTA T-3’ 

18.KRAS(BAMHI)R: 5’-ATT-GGATCC AGTACCTAAGGACCGGGATTAT-3’ 

19.KRAS (5’CDNA): 5’-AAA-CTC GAG ACT GAA TAT RAW CTT RTG GTR GT -

3’ (XHOI) 

20.KRAS (5’CDNA): 5’-AAA-CTC GAG ACT GAA TAT AAA CTT GTG GTA GTT 

GG-3’ 

21.KRAS(ALL)F3: 5’-AAA-CTCGAG GAG AGG CYT GCT GAA AAT GAC TGA-

3’ (XHOI) 

22.KRAS(ALL)F3: 5’-AAA-GCTAGC-GCGGCCGC-GAG AGG CYT GCT GAA 

AAT GAC 
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7.3 Annex-3. Etik Kurul Kararı 
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