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SUMMARY

There are three major factors that govern cell behavior: chemical, cellular and mechanical.
Recentstudies 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 we 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 lthographic 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 exti@celhtrix. 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 Namotechnology

Matter in nanometer scale has an unusual profile uphiégperties of théulk, andthis modern
scientific knowledge is pplied in a number of different fields. Understanding, modeling,
constructing and controlling matter in such small scalensompassed bganotechnology.
Although nanotechnology is still a developing fielmhd scientist are still discovering and
testing new ideas, it has a wide range of pidérapplications. The first concepts of the
nanotechnology were introduced by the Nobel Prize winning physicist, Richard Feynrhan
worl d famous | ecture ATher e, which was prpsentedttary o f r
AmericanPhysical 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 it op downodo .andiATidpt domna@pmeans di
nanoscale gme starting from the bulk matter. Photolithography is the best example for top
down approach. Itheibot t om upo approach, process start
and manipulate them in a controlled manrserch as irMolecular Beam EpitaxyMBE) and
Molecular Self Assembly.Nanotechnological approachere firstused inelectronicdevice
fabrication b u t | ater on scientists realized i1it0s caé
medical application§l], like cancer therapf2, 3], targeteddrug delivey [4, 5], chemotherapy

for tuberculosig6] and cottrolled drug delivery using miochips[7].



1.2 Nanotechnology in Medical and Biologicabplications

Nanotechnology has openadwide variety ofalternative paths and approaches in modern
medicine and biology. Most of the approaches are capable of providing better cesytsed

with the old methods.

Drug and Gene
Delivery

Applications of

Nanotechnology in
€ Biology and >
Medicine

Figurel: Applications of Nanotechnology in Biology and Medicine

Tissue
Engineering

Drug and gene delivery is one of the approadediedsince the concept of the nanotechnology

became popularand it is a promising technique in modern medicin€onventional drug



delivery techniques like oral pills, 1V, intradermal or intramuscular mix with blood stream and
circulate all over the bodyOnly a small portion of the drug delivers to the exact location in the
body which needg&. The resteads to toxicity becausat the same timédiealthy organs/tissues

also get exposed to drygshich ultimately decreases the life tim®loreover, higler dosages
requiredat a time to make the treatment effective and counterbalance the drugUsssof
nanodevices and nanoparticles as drug and gene delivery vdBiclesa promising treatment
strategy compared with the old methods because the drugs can be delivered to the exact location
,which it requires, thuseducingdosage, drug loss and toxicityBecausehe 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 approadse of polymeric nanoparticles for
treatmentss widely studied due to the bicompaibility and degradability. Microneedles can

also be used to deliver drugs with nanoparticles bedheg&lo not activate the sensory nerves

due totheir low outer skin penetration depth up to-20 um. Although the technique is a good
treatment stratgg it has some drawbacks t¢9]. For example, these nanoparticles can be
capturel inside the liver or spleen and sediment when time progre3ses.could cause serious

side effectsbut the use of biolegradable material is a better solutiodse of functionalized

carbon nanotubes (CNTS) is also becoming more promising technique because of their structural
propertieg10]. Oxidative and synthetic protocols can be used to attach functionalized groups to

the end and/or to the side walls of CNW&ich make them highly soluble in organic solvents.

Fluorescent probes fabricated with semiconductor nanocryatalsarrow, tunable arftavea
symmetric emission spectrum compared with the conventional fluoropfidies Moreover,
they are photochemically stabl&hese nanocrystals are available in different sizes ranging from

400 rmm to 2um. Also this ty of crystals can be coated with different materials and depending



on the application.Semiconductor quantum dots are widely been used as bioconj(ibates
Bio-molecules areattached to the quantum dots so that analt@ich attaches to the bio
molecule changes.For exampleby changing the bionoleculg it is possible to attach proteins,

DNA and viruses.

Protein detection became more sensitive and efficient with nanoparticle based tecfi8fjues

when compared to conventional clinical assayg8hen bones and joints need to be replaced,
Titanium is the materialwhich was recently used because @& unique properties but
sometimes the body rejects the replacement because replacement interface is not accepted due to
insufficient roughness.introducing a bioactive appetite coatifigl] can be used to reduce the
rejection of rephcementand opensa 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 contcoljld 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 secondngachuse of death in United States.
Among them, lung cancers are responsible for most of the de@tilen cancer is identified as

second leading cause of deaths from cancers.

The history of cancers goes back to about 3000e8€n though it was not ibed cancer at that
time. According to the records, it was first discovered in Egypt but categorized the disease as

ANo Treat ment 0. The origin of the word cance

carcinosandcarcinoma Untilthe 18'centr y t here wasndot any deep st



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 T'aentury after the discovery of modern microscope, so that it led

to study the sample tissues of patients who died with cancers. By the mid® oéntury,

with huge new discoveries and developments in science and medicine, schadist good
understanding about biological systenike discovery of the exact chemical structure of DNA

led to uncover lots of hidden areas. They found outthieatause for cancer is genetic mutation
due to chemical or radiation effect. Moreover, they also discoveatsometimes the damaged,
mutated or defective genes can be inheliléd17]. Today, there aralot of cause®f cancey

which could be explainebly the lifestyle of humankecomingmore complex and chéo.

In generalthe termOncologymeans the study of cancers. First of thié 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 éetion of a cancer is very hgitB]. When a patient starts

to show the symptoms, the canbessalready spread into the major parts of the body. Therefore,

early detection of a cancer is very importhetausat is the man factorthat decides whether

the patient will recover or not.

There are several types of techniqtiest areused to screen cancers. Incisional or excisional
biopsy is the most common technique. In this techniguessue sample is extracted from the
patient and will be used to identify whether there is an abnormal growth of the cells. Endoscopy
is another technigyevhich 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,



like ultrasound, Magnetic Resonance Imaging (MRI) and Computed Tomography (Cthatcan
depending on the nature of the canawctors can decidehich is most appropriate. Some
invasive techniqueslike the use of radio isotopes have also rafeéenused. With the

development of nanotechnology, scientists have introduced novel techroqietedt cancer or

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

Once the diagnosis is over, the next step is cameatment. 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 te surgery, chemotherapy and radiotherapy can be used to remove some parts
of the cancer or tumpwhich is surgically hard to remoyer to reduce the risk of reoccurrence.
Sometimes surgery does not guarantee a complete rectheeigancer or tumaranspread over

all the organs of the bodySurgerywill only increase the survival period. Recent cutting edge
research has introduced genetically modified ¢ab$belong to the patient itself and are capable

of destroying malignant cell23]. This new technique was applied to chroniclympfiic

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

Chemopreventiof24, 25]is another way to reducedhisk of having a cancer. Here, the idea is

to reduce the mutagenic damage to DMt ultimately creates malignant cells. There are
number of chemopreventiosuch as theise of healthy foods and drink&6, 27] reducedthe

use ofand exposure to carcinogenic chemicals or constituents and use of botanical dietary
supplementd28-30] or drugs[31, 32]which modulates the regulatory pathways and reduce the

DNA damage.



After centuriesof researchthe cancer or tumor &ill a type of diseasthatremains as critical

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

is the best solution for cancer, howeverist challengingfor 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 ot alhod them are invasive

and some modern approaches seem promis§iilythere area 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 Sttistics Anatomy Risk Factorsand Colon Cancer Prevention

[] 350416 [ 417444 [ 445470
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Figure2: Percentage prevalence of colorectal cancer among adults 50 years or older in USA in
20062008 Image courtesyCenter for Disease Contr@CDC), publicdomain



As briefly outlined earlier, cancer remains the second leading cause of deaths in USA

according to the Center for Disease Control andréhion (CDC). Statisticsindicate that

colon and rectum cancer deaths are the second leading cause ofdeaticenin USAand in
numbers it was 4980 inthe year 2011. The death ratelue to colon cancer from the ysar
2004 to 2008 is 20.7% in males and 14.5% in femalsreover, it is estimated that during

the year of 2012 there will be ®B0 deaths. Eventhough statistics shows that there are
declines of the incidents in each ethostegory overall it shows 1.7% increment per year
since 1992 for adults younger than age of 50 yeaksong the general populatipthe

lifetime risk of colon cancer i2.5%5%.

SEER Incidence and US Death Rates?
Cancer of the Colon and Rectum, Both Sexes
Joinpoint Analyses for Whites and Blacks from 1975-2009
and for Asian/Pacific Islanders, American Indians/Alaska Natives and Hispanics from 1992-2009
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Source: Incidence data for whites and blacks are from the SEER 9 areas (San Francisco, Connecticut, Detrod, Hawaii, lowa, New Mexico, Seattle, Utah, Atianta)
Incidence data for Asian/Paciic Islanders. American Indians/Alaska Natives and Hispanics are from the SEER 13 Areas (SEER 9 Areas, San Jose-Montarey.,
Los Angeles, Alaska Native Registry and Rural Georgia). Mortality data are from US Mortality Files, National Center for Health Statistics, CDC.

3 Rates are age-adjusted to the 2000 US Std Population (19 age groups - Census P25-11
Regression lines are calculated using the Joinpoint Regression Program Version 3.5, April 2011, National Cancer Institute. Joinpoint analyses for Whites and Blacks
during the 1975-2009 period allow a maximum of 5 joinpoints. Analyses for other ethnic groups during the period 1992-2009 allow & maximum of 3 joinpoints.

© AP = Asian/Pacific Islander.

© AVAN = American Indiar/Alaska Native. Rates for American Indian/Alaska Native are based on the CHSDA(Contract Health Service Delivery Area) counties.

© Hispanic is not mutually exclusive from whites, biacks, Asian/Pacific Islanders, and American Indians/Alaska Natives. Incidence data for Hispanics are based on
NHIA and exclude cases from the Alaska Native Registry. Mortality data for Hispanics exclude cases from Connecticut, the District of Columbia, Maine.
Maryland, Minnesota, New Hampshire, New York, North Dakota, South Carolina, Okiahoma, and Vermont.

Figure3: Colon cancer incident rate and mortality rate in different ethnic griougge courtesy:
SEER NCI, public domain



When it comes to anatomyplon is located in the abdominal cavity and is the last orgaheof
digestive system. Although it does not play a major role along the digestive process, it extracts
the water from the wastndabsorbssome nutrients The lon in mammals has four different
subsections: theyare ascending colon, transverse colagsagnding colon and sigmoid colon.
When it comes to the microscopic anatomyhefcolon, there are four different layers of tissues

can be identified.They are mucosa, submucosa, muscle layer and serous &tyelyingof the
microscopic anatomy is very important, especially the mucosal epithelium because that is where
the majority of colon cancers begiong, thin tubular glands known as cryptgich can be

found in mucosal epitheliunare the locatios that undergos cdl division. Typically, the
epithelium is completely replaced every four to six days. Cell division is considrridéal
processin occurrence ofgenetic mutation or damageTherefore, this epithelium repair is
vulnerable to genetic damage or mutatiaich ultimately turns into a cancby changing the

regular cell reproduction or differentiation pattern

Transverse
Ascending colon
colon )

Descending
Cecum f \ colon

e

Tleum

Sigmoid
colon

Figure4: Anatomy of colon; showing parts of the colon and its anatomical position in human bo
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With other types of cancersmainly colon cancersoccur because of inheritedenetic
abnormalities.Evenwith the main factobeinginheritance, the&arcinogenesis is a slow process
and takeslO to 15 years to develop. Mainlypere are few steps in colon carcinogenesis. The
first phase is known asitiation, which is the stage that normal cells initiate towards a genetic
mutation pathway.In clonal expansiorstage, normal cells have not transformed to cancerous
cells but they have accumulated as clonedich are ready to move ahead. When further
genetic changes occur and have turoells canceroyst is known asbenign tumor formation

and this is when the polyps are formdd.malignant tumoy polyps convert to maligmt tumor

and finally the malignartumor acquires all the properti€dinically, thiscanceiis referred to as
clinical cancer When it comes to the metastasis of colon cancer, soon after it penetrates the
muscularis mucosa, it becomes invasive. Téfeee it grows deeper into the bowel wall and
tissues. Lymphatic is one way in which the colon cancer spreads. Blood is anotherafodm
the direct expansion to other organs is alstcommon way to spread, especialtythe liver

becauseheblood veinsare arich environment.

(RAOACANNANS, -~

— Submucosa

—— Muscularis
externa
—Serosa

Arteries,veins,nerves

Figure5: 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 avevdigake

the same time to transform a polyp to cancérhe rext risk factor in line after the genetic
inheritance is the influece of environmental factors such as the diet. Studies showed that red,
processed meatan increase the risk artdat thecooking methodsuch as the meat is being
cooked at high temperature for long time,also a factor in determining the riskEating of
vegetables, fruits, natural whole grain, calcium and milk can lower risk of colon cancer
development.According to the researcfatty acids and bile in diet caused the irritation in bowel
mucosa which proliferate cells with damage DNA. Highly rasaetfree radicals can also be
easily combined with cellular substantbat cause DNA damageTherefore,a healthy diet is

very importanbecause dietary fats and dietary fibers play totally opposite roles when it comes to
colorectal cancer Smoking and alcohol consumpticadso 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 factdhatleads to a colon cancer development. When it comagéep
incidence rate is 15% higher for the ages above 50 yeAtso when the incident rates
compared between men and women, rhade a35%40% higher chance of getting a colon

cancer than women.
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Spread to other organs

© 2005 Terese Winslow
U.S. Gowvt. has certain rights

Figure6: Polyp formation and different stages of colon canderage courtesy: NCI)

Physical activity is a major factothat can prevent most of the colon cancer incidences.
Engaging in moderate activity for more than 30 minutes for five days is higbbymmended.
Studies indicated thatigh levels of physical activity decreatbe risk by 50% for both men and
women. People who become active later in life can also reduce the risk of cadeehe other
hand, aspirin like drugs or non steroidal anfiammatory drugs (NSAID) can lower the risk of

colorectal cancer but is not recommended due to side effects.

It is veryrareto have any symptoms the early stagesf colorectal cancetherefore, screening

is very important.Most of the symptoms occur when there is a polfxdew 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 loBdood in the stool is the most common wiaig sign
because thisnostly occurs due to polyps or cancer in colon. Lower abdominal pain, cramping
and bloating isanalso be a symptom and in most cases, the discomfort can be localized to right
side of the abdomen and even is possible for a playsioifeel it by touch.The most important
physical examwhich can be done to examine colorectal canisecalled digital rectal exam
(DRE). After performing the DREsamples can be used to perform fecal occult blood test
(FOBT), and if the hydrogen pexide, 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 gasinairttack.
However this test camprovide a negative result in a situation whhbe presence otindigested

food such as meatAfter the development of fiber opticspaoscopy is considered as the main
approach to diagnose colorectal cancérhe most commanreliable technique which can
examine the whole large intestjne known as colonoscopy¥olonoscopy usefliexible fiber

optics along with air line to inflate the bowel to help to keep it og2umring the procedurehe
patientis kept under conscious sedatioRor this purposea drug which can make a person very
drowsy andelaxedis beingused. According to the data, colonoscopy has 85% detection rate for

colorectal cancers.

Computerized axial tomography (CAT) is a technithet can reconstruct the internal anatomy
with the aid of xray images. Unlike in regularrays, CAT scan caniglinguish internal organs,

blood vessels, lymph nodes and nerves with higher accuiagsn 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 organgherefore, the technique is used to perform surgeries when
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the cancer become highly invasive and spreads to other important organs diwehr as

kidneys

Even though it is invasive, surgical treatment is the most common techihaja®ctors use to

treat colon cancers. Pre teateconducedto identifywhatstage of the cancés in andin order

to provide the baseline. During the surgery, the entire cancer has to be removed along with
tissues, lymphatic and vascular supphAdequate amount of surrounding tissues should be
removed to lower the risk of reoccurrencehe most common complication after the surgery is
blood loss. In some casddood transfusion is required. Infections are also possible after the
surgery, ther®re use of antibiotics is recommended. Radiation and chemotherapy can also be
used to treat other types of cancdmewever they are stillinvasive and hae anumber of
adverse effects. Thereforan effective, less invasive alternate treatment foorcaancer is

timely requirement.

1.5 Roleof Surface Topodraphy in Manipulating the Cell Fate

1.5.1 Motivation

In present, nanotechnology has a greater impact on finding alternative treatment techniques
especiallyfor cancerswhich isone of aleading cause for deaths in all over the woiiit, most
of them still are in an experimental levetquiringa lot of modification andoptimizationin
order to develop the technique as a potetfiedapy Even with alternative drug carriers, such as
nanoparticlesthe approaches can be toxic up to a certain .leVelovercome most of the above
problems, here we propoaavhole new approach for cancer treatmisaitis not harmfulto the
human body at all. It is experimentally proven that theell behavioris regulated bythree

factors Chemical, Cellular and Mechanical.
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Figure7: Different factors affecting the cellular regulation.

The effects ofthesefactors on cells armterrelatedbut they can be studied individually because
of their complexinterrelationship. Mechanical factorgcludestress and strain exerted on cells
The best wayo exert stress and strain on cells is to fabricate soft polymer scafidicth have
unique t@ographies and can be used to seed cellfie topographies closely mimic the
Extracellular Matrix (ECM), which is an important cellular structtivat acts as a supporting
membrane focells. Preliminary studies havareadyshown that there is an effemt cells when
the surface topography chand88]. As electrical engineersvho areexposed to thiglifferent

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

The microtopographies used tikedatnhde HpmEeeal ki mi n
structures. The idea to choosehat topograply originated after carefully studying the
Extracellular Matrix(ECM) topography under normal celleell andpoorly differentiated cells
using Atomic ForceMicroscopy (AFM). These sidiesare mainly focused orcolon cancer
treatment The varying of normal cells to cancerous cells were chosen and seeded on the
fabricated microtopographiesMoreover studies showed that Focal Adhesion Kinase (FAK) is
active in well differentiated cells and inactive in poorly differentiated cells. Therdfédé
activecellson f abr i c-ait kogographya p@egmot i | e-l akdoonhoppenapt
immotile. Also when cells undergo mechanical stress, ®idases activatand generate
contractile forces.Based on theboveresults we hypothesize that th@Extracellular Matrix
Microtopography critically regulates the cancer cell differentiation and invasionOur aims
were to carefully study how the ECM topography changes when cells become cancerous and
experimentally prove ECM topography regulates the lweflavior. Eventually, the idea was to
find out whether there exists a common ECM topogrdphtis capable of regulating cell§he
first step to test the hypothesigas to scanhuman colon tissue samplesth normal, well
differentiated, moderatelhdifferentiated and poorly differentiated cellssing a Scanning
Electron Microscope (SEM).Then the 3D structuresvhich closely mimic the actual ECM,
were replicated on a bicompatible material, mainly Poly -dnethyl siloxane (PDMS) and

sometimes it waBoly methylmethacrylate (PMMA).

As engineers, lack of background in biological concepts and terragusar fact. Therefore to
make everything complete, commonly used biological terms and concepts will be introduced and

discussed for better understandi
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1.5.3. Cell
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Figure8: Main constituents of a typical animal cell.
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Figure9: Main constituents of a plant cell.
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Capsule
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Plasma Flagella
membrane

Cytoplasm

Ribosome Circular
DNA

FigurelQ: 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 bodyThe organisms with one cell in their body aedledunicellular, 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 catg@dty 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 resptgdr 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 pernbdabarrier35].

(A) Normal cell division

‘ —_—
Apoptosis

_repair

Damaged cell ) —
Figurell: (A) Normal

cell division; (B) showing
that the uncontrolled
growth resulted from the
accumulation of
unrepaired mutations in
the cells.

















































































































































































































































































































































































