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SUMMARY  

xiii 
 

There are three major factors that govern cell behavior: chemical, cellular and mechanical.  

Recent studies showed that the cellular microenvironment is capable of changing the cell 

behavior.  Simple, engineered microenvironment, such as an array of holes and pillars were used 

for pilot studies, and the results turned out very interesting. 

The studies were extended to replicate the exact biological environment using FDA approved 

bio-compatible material, such as PMMA and PDMS.  State of the art tools, equipment and 

cutting edge technology were required to replicate and reproduce the environment. 

Current lithographic techniques are not capable of producing sophisticated 3D structures suitable 

for this application.  Therefore using electron beam lithography as a tool, a modern technique 

was required to reproduce the microenvironment, referred to as extracellular matrix.  Extensive 

studies were carried out to develop unique technique that can convert a grayscale image to 

advanced 3D structure.  SEM images of the biological tissue samples were obtained and 

converted to reproduce the required ECM scaffolds. 
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1. INTRODUCTION  

1.1 Nanotechnology 

 Matter in nanometer scale has an unusual profile unlike properties of the bulk, and this modern 

scientific knowledge is applied in a number of different fields.  Understanding, modeling, 

constructing and controlling matter in such small scale is encompassed by nanotechnology.  

Although nanotechnology is still a developing field, and scientists are still discovering and 

testing new ideas, it has a wide range of potential applications.  The first concepts of the 

nanotechnology were introduced by the Nobel Prize winning physicist, Richard Feynman, in his 

world famous lecture ñThere is a plenty of room at the bottomò, which was presented at an 

American Physical Society meeting.  His idea was to manipulate the matter within an atomic 

scale with the aid of a new technology.  There are two approaches in which the nanofabrication 

processes being done: ñtop downò and ñbottom upò.  ñTop downò means digging into the 

nanoscale regime starting from the bulk matter.  Photolithography is the best example for top 

down approach.  In the ñbottom upò approach, process start with the atomic or molecular level 

and manipulate them in a controlled manner, such as in Molecular Beam Epitaxy (MBE) and 

Molecular Self Assembly.  Nanotechnological approaches were first used in electronic device 

fabrication, but later on scientists realized itôs capabilities and started to use the techniques in 

medical applications [1], like cancer therapy [2, 3], targeted drug delivery [4, 5], chemotherapy 

for tuberculosis [6] and controlled drug delivery using microchips [7]. 
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1.2 Nanotechnology in Medical and Biological Applications 

 Nanotechnology has opened a wide variety of alternative paths and approaches in modern 

medicine and biology.  Most of the approaches are capable of providing better results compared 

with the old methods. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Applications of Nanotechnology in Biology and Medicine. 
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delivery techniques like oral pills, IV, intradermal or intramuscular mix with blood stream and 

circulate all over the body.  Only a small portion of the drug delivers to the exact location in the 

body which needs it.  The rest leads to toxicity because, at the same time, healthy organs/tissues 

also get exposed to drugs, which ultimately decreases the life time.  Moreover, higher dosage is 

required at a time to make the treatment effective and counterbalance the drug loss.  Use of 

nanodevices and nanoparticles as drug and gene delivery vehicles [8] is a promising treatment 

strategy compared with the old methods because the drugs can be delivered to the exact location 

,which it requires, thus reducing dosage, drug loss and toxicity.  Because the particles are very 

small, they do not sediment or block the microvascular system and can easily travel through the 

blood stream which adds more value to the approach.  Use of polymeric nanoparticles for 

treatments is widely studied due to the bio-compatibility and degradability.  Microneedles can 

also be used to deliver drugs with nanoparticles because they do not activate the sensory nerves 

due to their low outer skin penetration depth up to 10-20 µm.  Although the technique is a good 

treatment strategy, it has some drawbacks too [9].  For example, these nanoparticles can be 

captured inside the liver or spleen and sediment when time progresses.  This could cause serious 

side effects, but the use of bio-degradable material is a better solution.  Use of functionalized 

carbon nanotubes (CNTs) is also becoming more promising technique because of their structural 

properties [10].  Oxidative and synthetic protocols can be used to attach functionalized groups to 

the end and/or to the side walls of CNTs, which make them highly soluble in organic solvents. 

Fluorescent probes fabricated with semiconductor nanocrystals are narrow, tunable and have a 

symmetric emission spectrum compared with the conventional fluorophores [11].  Moreover, 

they are photochemically stable.  These nanocrystals are available in different sizes ranging from 

400 nm to 2 µm.  Also this type of crystals can be coated with different materials and depending 
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on the application.  Semiconductor quantum dots are widely been used as bioconjugates [12].  

Bio-molecules are attached to the quantum dots so that analyte, which attaches to the bio-

molecule, changes.  For example, by changing the bio-molecule, it is possible to attach proteins, 

DNA and viruses. 

Protein detection became more sensitive and efficient with nanoparticle based techniques [13] 

when compared to conventional clinical assays.  When bones and joints need to be replaced, 

Titanium is the material, which was recently used because of its unique properties, but 

sometimes the body rejects the replacement because replacement interface is not accepted due to 

insufficient roughness.  Introducing a bioactive appetite coating [14] can be used to reduce the 

rejection of replacement and opens a new path for nanotechnology applications in tissue 

engineering. 

1.3 History of Cancer and Oncology 

When the cells in a part of the body start to grow abnormally or out of control, it could be the 

beginning of a cancer or tumor.  Although the cancer can occur any part of the body there are 

several common cancer types, namely they are, lung, colon, breast, pancreatic and prostate 

cancer.  According to the statistics, cancer is the second leading cause of death in United States.  

Among them, lung cancers are responsible for most of the deaths.  Colon cancer is identified as 

second leading cause of deaths from cancers.  

The history of cancers goes back to about 3000 BC, even though it was not called cancer at that 

time.  According to the records, it was first discovered in Egypt but categorized the disease as 

ñNo Treatmentò.  The origin of the word cancer comes from ancient Greek from the terms called 

carcinos and carcinoma.  Until the 15
th
 century there wasnôt any deep studying or understanding 
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about the cancer.  Time to time in the history, people postulated different theories to explain the 

cause of cancer.  Namely, they are, Humoral Theory, Lymph Theory, Blastema Theory, Chronic 

Irritation Theory, Trauma Theory and Infectious Disease Theory.  The real development in 

scientific oncology started in 19
th
 century after the discovery of modern microscope, so that it led 

to study the sample tissues of patients who died with cancers.  By the middle of 20
th
 century, 

with huge new discoveries and developments in science and medicine, scientists had a good 

understanding about biological systems. The discovery of the exact chemical structure of DNA 

led to uncover lots of hidden areas.  They found out that the cause for cancer is genetic mutation 

due to chemical or radiation effect.  Moreover, they also discovered that sometimes the damaged, 

mutated or defective genes can be inherited [15-17].  Today, there are a lot of causes of cancer, 

which could be explained by the lifestyle of humans becoming more complex and chaotic. 

In general, the term Oncology means the study of cancers.  First of all, the patient is directed for 

screening tests and then based on the results doctors can diagnose the stage cancer that the 

patient has.  Depending on the stage, doctors can direct the patient to the most appropriate 

therapy.  Most of the time, the early detection of a cancer is very hard [18].  When a patient starts 

to show the symptoms, the cancer has already spread into the major parts of the body.  Therefore, 

early detection of a cancer is very important because it is the main factor that decides whether 

the patient will recover or not. 

There are several types of techniques that are used to screen cancers.  Incisional or excisional 

biopsy is the most common technique.  In this technique, a tissue sample is extracted from the 

patient and will be used to identify whether there is an abnormal growth of the cells.  Endoscopy 

is another technique, which is used to screen cancers, especially to examine the interior of a 

hollow organ, for example, the human colon.  Moreover, there are some advanced techniques, 
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like ultrasound, Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) scan that, 

depending on the nature of the cancer, doctors can decide which is most appropriate.  Some 

invasive techniques, like the use of radio isotopes have also rarely been used.  With the 

development of nanotechnology, scientists have introduced novel techniques to detect cancer or 

tumors [19-22], but most of them are still need to be optimized to apply to a patient.   

Once the diagnosis is over, the next step is cancer treatment.  This step also depends on the 

nature of the cancer or tumor.  Most of the time, surgery is used to remove the cancer or tumor 

completely.  This will only be successful if the cancer or tumor has not spread over large area of 

the body.  After the surgery, chemotherapy and radiotherapy can be used to remove some parts 

of the cancer or tumor, which is surgically hard to remove, or to reduce the risk of reoccurrence.  

Sometimes surgery does not guarantee a complete recovery; the cancer or tumor can spread over 

all the organs of the body.  Surgery will only increase the survival period.  Recent cutting edge 

research has introduced genetically modified cells that belong to the patient itself and are capable 

of destroying malignant cells [23].  This new technique was applied to chroniclymphocytic 

leukemia (CLL), which is the most common type of blood disease.   

Chemoprevention [24, 25] is another way to reduce the risk of having a cancer.  Here, the idea is 

to reduce the mutagenic damage to DNA that ultimately creates malignant cells.  There are a 

number of chemoprevention, such as the use of healthy foods and drinks [26, 27], reduced the 

use of and exposure to carcinogenic chemicals or constituents and use of botanical dietary 

supplements [28-30] or drugs [31, 32] which modulates the regulatory pathways and reduce the 

DNA damage. 
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After centuries of research, the cancer or tumor is still a type of disease that remains as critical 

and does not have a specific treatment or therapy capable to cure completely.  Chemoprevention 

is the best solution for cancer, however it is challenging for present lifestyles.  Some 

chemopreventive drugs can have severe side effects when there is a long term exposure.  

Although there are therapies and surgical treatments for cancer or tumor, all of them are invasive 

and some modern approaches seem promising. Still there are a lot of areas which need to be 

modified.  Therefore, a new less invasive and effective therapeutic approach for cancer or tumors 

is a timely requirement.  

1.4 Cancer Statistics, Anatomy, Risk Factors and Colon Cancer Prevention  

 

 

 

Figure 2: Percentage prevalence of colorectal cancer among adults 50 years or older in USA in 

2006-2008. Image courtesy: Center for Disease Control (CDC), public domain. 
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As briefly outlined earlier, cancer remains the second leading cause of deaths in USA 

according to the Center for Disease Control and Prevention (CDC).  Statistics indicate that 

colon and rectum cancer deaths are the second leading cause of cancer deaths in USA, and in 

numbers it was 49,380 in the year 2011.  The death rate due to colon cancer from the years 

2004 to 2008 is 20.7% in males and 14.5% in females.  Moreover, it is estimated that during 

the year of 2012 there will be 51,690 deaths.  Even though statistics shows that there are 

declines of the incidents in each ethnic category, overall it shows 1.7% increment per year 

since 1992 for adults younger than age of 50 years.  Among the general population, the 

lifetime risk of colon cancer is 2.5%-5%. 

  

 

 

Figure 3: Colon cancer incident rate and mortality rate in different ethnic groups Image courtesy: 

SEER NCI, public domain. 
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When it comes to anatomy, colon is located in the abdominal cavity and is the last organ of the 

digestive system.  Although it does not play a major role along the digestive process, it extracts 

the water from the waste and absorbs some nutrients.  The colon in mammals has four different 

sub-sections: they are ascending colon, transverse colon, descending colon and sigmoid colon.  

When it comes to the microscopic anatomy of the colon, there are four different layers of tissues 

can be identified.  They are mucosa, submucosa, muscle layer and serous layer.  Studying of the 

microscopic anatomy is very important, especially the mucosal epithelium because that is where 

the majority of colon cancers begin.  Long, thin tubular glands known as crypts, which can be 

found in mucosal epithelium are the locations that undergoes cell division.  Typically, the 

epithelium is completely replaced every four to six days.  Cell division is considered an ideal 

process in occurrence of genetic mutation or damage.  Therefore, this epithelium repair is 

vulnerable to genetic damage or mutation, which ultimately turns into a cancer by changing the 

regular cell reproduction or differentiation pattern. 

 

 

 
Figure 4: Anatomy of colon; showing parts of the colon and its anatomical position in human body.  
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With other types of cancers, mainly colon cancers, occur because of inherited genetic 

abnormalities.  Even with the main factor being inheritance, the carcinogenesis is a slow process 

and takes 10 to 15 years to develop.  Mainly, there are few steps in colon carcinogenesis.  The 

first phase is known as initiation, which is the stage that normal cells initiate towards a genetic 

mutation pathway.  In clonal expansion stage, normal cells have not transformed to cancerous 

cells, but they have accumulated as clones, which are ready to move ahead.  When further 

genetic changes occur and have turned cells cancerous, it is known as benign tumor formation, 

and this is when the polyps are formed.  In malignant tumor, polyps convert to malignant tumor, 

and finally the malignant tumor acquires all the properties. Clinically, this cancer is referred to as 

clinical cancer.  When it comes to the metastasis of colon cancer, soon after it penetrates the 

muscularis mucosa, it becomes invasive.  Thereafter it grows deeper into the bowel wall and 

tissues.  Lymphatic is one way in which the colon cancer spreads.  Blood is another form, and 

the direct expansion to other organs is also a common way to spread, especially to the liver 

because the blood veins are a rich environment.        

 

 

 

 

Figure 5: Microscopic view of a cross section of a colonic wall. 
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Research indicates that normally it takes five years to develop a polyp and in average, it will take 

the same time to transform a polyp to cancer.  The next risk factor in line after the genetic 

inheritance is the influence of environmental factors such as the diet.  Studies showed that red, 

processed meat can increase the risk and that the cooking method, such as the meat is being 

cooked at high temperature for long time, is also a factor in determining the risk.  Eating of 

vegetables, fruits, natural whole grain, calcium and milk can lower risk of colon cancer 

development.  According to the research, fatty acids and bile in diet caused the irritation in bowel 

mucosa, which proliferate cells with damage DNA.  Highly reactive free radicals can also be 

easily combined with cellular substances that cause DNA damage.  Therefore, a healthy diet is 

very important because dietary fats and dietary fibers play totally opposite roles when it comes to 

colorectal cancer.  Smoking and alcohol consumption also increase the risk of having colon 

cancer.  If the alcohol consumption two to three drinks per day, the risk can be increased by 

23%.  Obesity is another factor that leads to a colon cancer development.  When it comes to age, 

incidence rate is 15% higher for the ages above 50 years.  Also when the incident rate is 

compared between men and women, men have a 35%-40% higher chance of getting a colon 

cancer than women.  
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Figure 6: Polyp formation and different stages of colon cancer. (Image courtesy: NCI) 

 

 

Physical activity is a major factor that can prevent most of the colon cancer incidences.  

Engaging in moderate activity for more than 30 minutes for five days is highly recommended.  

Studies indicated that high levels of physical activity decrease the risk by 50% for both men and 

women.  People who become active later in life can also reduce the risk of cancer.  On the other 

hand, aspirin like drugs or non steroidal anti inflammatory drugs (NSAID) can lower the risk of 

colorectal cancer but is not recommended due to side effects. 

It is very rare to have any symptoms in the early stages of colorectal cancer; therefore, screening 

is very important.  Most of the symptoms occur when there is a polyp.  A few warning signs are; 
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bleeding from the rectum, blood in stool, discomfort feeling and need of bowel movement when 

there is none and unintentional weight loss.  Blood in the stool is the most common warning sign 

because this mostly occurs due to polyps or cancer in colon.  Lower abdominal pain, cramping 

and bloating is can also be a symptom and in most cases, the discomfort can be localized to right 

side of the abdomen and even  is possible for a physician to feel it by touch.  The most important 

physical exam, which can be done to examine colorectal cancer, is called digital rectal exam 

(DRE).  After performing the DRE, samples can be used to perform fecal occult blood test 

(FOBT), and if the hydrogen peroxide, which is the chemical used to test whether there is a 

blood in stool, turns to blue indicates that there is a bleeding somewhere in gastrointestinal track.  

However, this test can provide a negative result in a situation when the presence of undigested 

food such as meat.  After the development of fiber optics, endoscopy is considered as the main 

approach to diagnose colorectal cancer.  The most common, reliable technique, which can 

examine the whole large intestine, is known as colonoscopy. Colonoscopy uses flexible fiber 

optics along with air line to inflate the bowel to help to keep it open.  During the procedure, the 

patient is kept under conscious sedation.  For this purpose, a drug which can make a person very 

drowsy and relaxed is being used.  According to the data, colonoscopy has 85% detection rate for 

colorectal cancers.   

Computerized axial tomography (CAT) is a technique that can reconstruct the internal anatomy 

with the aid of x-ray images.  Unlike in regular x-rays, CAT scan can distinguish internal organs, 

blood vessels, lymph nodes and nerves with higher accuracy.  Even though the CAT scan is not 

used for colorectal cancer screening, it is capable of providing indirect evidence of a spread of 

colon cancer to other internal organs.  Therefore, the technique is used to perform surgeries when 
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the cancer become highly invasive and spreads to other important organs such as liver or 

kidneys. 

Even though it is invasive, surgical treatment is the most common technique that doctors use to 

treat colon cancers.  Pre tests are conducted to identify what stage of the cancer is in and in order 

to provide the baseline.  During the surgery, the entire cancer has to be removed along with 

tissues, lymphatic and vascular supply.  Adequate amount of surrounding tissues should be 

removed to lower the risk of reoccurrence.  The most common complication after the surgery is 

blood loss.  In some cases, blood transfusion is required.  Infections are also possible after the 

surgery, therefore use of antibiotics is recommended.  Radiation and chemotherapy can also be 

used to treat other types of cancers; however, they are still invasive and have a number of 

adverse effects.  Therefore, an effective, less invasive alternate treatment for colon cancer is 

timely requirement.    

1.5 Role of Surface Topography in Manipulating the Cell Fate 

1.5.1 Motivation 

In present, nanotechnology has a greater impact on finding alternative treatment techniques, 

especially for cancers, which is one of a leading cause for deaths in all over the world.  But, most 

of them still are in an experimental level, requiring a lot of modification and optimization in 

order to develop the technique as a potential therapy.  Even with alternative drug carriers, such as 

nanoparticles, the approaches can be toxic up to a certain level.  To overcome most of the above 

problems, here we propose a whole new approach for cancer treatment that is not harmful to the 

human body at all.  It is experimentally proven that the cell behavior is regulated by three 

factors: Chemical, Cellular and Mechanical. 
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Figure 7: Different factors affecting the cellular regulation. 

 

 

The effects of these factors on cells are interrelated, but they can be studied individually because 

of their complex interrelationship.  Mechanical factors include stress and strain exerted on cells.  

The best way to exert stress and strain on cells is to fabricate soft polymer scaffolds, which have 

unique topographies and can be used to seed cells.  The topographies closely mimic the 

Extracellular Matrix (ECM), which is an important cellular structure that acts as a supporting 

membrane for cells.  Preliminary studies have already shown that there is an effect on cells when 

the surface topography changes [33].  As electrical engineers, who are exposed to this different 

kind of field, there will be brief explanations of biological terms. 
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1.5.2 Hypothesis 

The microtopographies used in the preliminary studies had ñtrough-likeô and ñpeak-likeò 

structures.  The idea to choose that topography originated after carefully studying the 

Extracellular Matrix (ECM) topography under normal cells, well and poorly differentiated cells 

using Atomic Force Microscopy (AFM).  These studies are mainly focused on colon cancer 

treatment.  The varying of normal cells to cancerous cells were chosen and seeded on the 

fabricated microtopographies.  Moreover studies showed that Focal Adhesion Kinase (FAK) is 

active in well differentiated cells and inactive in poorly differentiated cells.  Therefore, FAK 

active cells on fabricated ñtrough-likeò topography are motile and on ñpeak-likeò topography are 

immotile.  Also when cells undergo mechanical stress, Rho-GTPases activate and generate 

contractile forces.  Based on the above results, we hypothesize that the ñExtracellular Matrix 

Microtopography critically regulates the cancer cell differentiation and invasionò.  Our aims 

were to carefully study how the ECM topography changes when cells become cancerous and 

experimentally prove ECM topography regulates the cell behavior.  Eventually, the idea was to 

find out whether there exists a common ECM topography that is capable of regulating cells.  The 

first step to test the hypothesis was to scan human colon tissue samples with normal, well 

differentiated, moderately differentiated and poorly differentiated cells using a Scanning 

Electron Microscope (SEM).  Then the 3D structures, which closely mimic the actual ECM, 

were replicated on a bio-compatible material, mainly Poly di-methyl siloxane (PDMS) and 

sometimes it was Poly methyl-methacrylate (PMMA). 

As engineers, lack of background in biological concepts and terms is regular fact.  Therefore to 

make everything complete, commonly used biological terms and concepts will be introduced and 

discussed for better understanding. 
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1.5.3. Cell 

 

 

 

Figure 8: Main constituents of a typical animal cell. 
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Figure 9: Main constituents of a plant cell. 
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Figure 10: Main constituents of a bacterial cell. 

 

 

Cells are the fundamental structural and functional unit of all the living organisms.  The 

body of all living organisms has cellular organization characterized by the presence of one or 

more cells in the body.  The organisms with one cell in their body are called unicellular , such as 

bacteria and some viruses.  Organisms having more than one cell in their body are called 

multicellular , and most of the animals and plants belong to this category [34].  In a typical 

animal cell, cytoplasm, a gel like substance found in the interior of the cell, facilitate the 

anchorage of different organelles such as mitochondria, Golgi apparatus, endoplasmic reticulum, 

lysosomes etc.  Cellular organelles are responsible for carrying out essential biochemical and 
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metabolic processes such as respiration, macromolecule biosynthesis and transport of different 

molecules in the cells.  Cell membrane separates cytoplasm form the outside environment and 

serves as a semi permeable barrier [35]. 

 

 

 

 

 

 

Figure 11: (A) Normal 

cell division; (B) showing 

that the uncontrolled 

growth resulted from the 

accumulation of 

unrepaired mutations in 

the cells. 






















































































































































































































































