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Abstract

Tissue in particular extracellular matrix(ECM) plays a vital role in the growth and the
function of each cell types and promote tissue regeneration and repair an impair organs. Many
techniques have been developed so far to decellularized porcine tissue for the purpose to use as
regenerative medicine and in tissue engineering. We aimed to optimized a method to decellularized
porcine tissue while effectively eliminating xenogeneic epitopes, lipids and to retain necessary
component of it intact without disrupting ECM. We have developed 2-week protocol to optimize
well preserved ECM component that may keep xenogeneic biomaterial for tissue engineering and
regenerative medicine. Porcine adipose tissue was first thaw, minced and then homogenized in
ultrapure water followed by chemical, physical and enzymatic treatments. After the
decellularization protocol, material was freeze-dried for further analysis. With a significant
reduction, trifle amount of inherent immunogenic components such as cells and nucleic acid were
recorded using Histology (H&E staining) and DNA quantification. However, significant ECM
component such as collagen, glycosaminoglycan and elastin were determined and found well
preserved. The entire analysis and research on porcine adipose tissue using 14-day protocol have
suggested that the method to decellularized ECM derived from porcine adipose tissue could be
useful one with little modification in the protocol to optimize the method. we assure that the
method to obtain extracellular matrix is efficient for cell removal and preserved the collagen which
may possessed the most favorable biocompatibility and most befitting material for tissue

engineering and regenerative medicine.
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Chapter 1 : Introduction

1.1 TISSUE ENGINEERING

Tissue engineering is increasingly viewed as the future of medicine. The emerging field
of tissue engineering has great promise for the replacement and repair of tissues and organs that
have been lost or compromised by disease or trauma. Tissue engineering therapies are under active
clinical evaluation and still more energetically under investigation in labs across the globe.!
Fundamentals of tissue engineering examines the properties of stem cells, primary cells, growth
factors, and extracellular matrix as well as their impact on the development of tissue engineered
devices.! Traditional in vitro cell culture does not accurately mimic the biological functions and
complexity found in vivo. In addition, there are some limitations such as cell to cell interactions,
cell to matrix interactions, biomechanical effects, and the influence of the limitations of diffusion.?

There has been new method is widely studying called culture of cells in 3D, and this
method more adequately mimic the complex microenvironments and phenotypes found in vivo. 3
Enabling technologies focused upon those strategies typically incorporated into tissue engineered
devices or utilized in their development, including scaffolds, nanocomposites, bioreactors, drug
delivery systems, and gene therapy techniques. Tissue engineering application presents synthetic

tissues and organ that are currently under development for regenerative medicine, applications.



1.2 EXTRACELLULAR MATRIX

Tissue are not made up solely of cells. A substantial part of their volume is extracellular
space, which is largely filled by and intricate network of macromolecules constituting the
extracellular matrix. This matrix is composed of a variety of proteins and polysaccharides that are
secreted locally and assembled into an organized meshwork in close association with the surface

of the cell that produced them.

Proteoglycan complex
Carbohydrates

Protein

Collagen fiber

Polysaccharide
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Figure 1 Extracellular Matrix and its components.*



Fig 1 shows complex meshwork of the extracellular matrix components like collagen fibers,

polysaccharides and fibronectin.

1.2.1 Functions and role of ECM

Cells sense and respond to variety of signals such as growth factors, differentiation factors,
cytokines, and ion gradients. Moreover, cell behavior and phenotype is controlled by responses to
other types of signals that include mechanical forces, electrical stimuli and various physical
actions.> ECM formation is important in the process like growth, wound healing and fibrosis. An
understanding in ECM structure and its compositions helps in complex dynamic nature of tumor

and cancer.

1.2.2 Molecular components of ECM

Collagen

Collagen is the most abundant proteins in the ECM make up the one-third of all the protein
in the body and model the framework of connective tissues.® collagen is the functional aggregates
which form the macrostructures including fibrils, basement membrane, filaments, canals and
sheets. Collagen can be divided into several families according to type of structure they form.
Collagen proteins are composed of a right-handed bundle of three parallel left-handed polypeptide
where all the bonds are in the trans conformation and two hydrogen bonds in triple as shown in

Fig 2.



1. Fibrillar (Type I, 11, 11, V, XI)
2. Facit (Type IX, XII, XIV)
3. Short chain (Type VIII, X)

4. Basement membrane (Type 1V)

o

Other (Type VI, VII, XIII)

Collagen presence in the human body

1. Collagen I- found in bones, tendons, organs

2. Collagen IlI- found mainly in cartilage

3. Collagen IlI- found mainly in reticular fibers

4. Collagen IV- found in the basement membrane of cell membranes

5. Collagen V- found in hair, nails



4(R)-hydroxyproline 4(R)-fluoroproline

Proline

Figure 2 Triple helix structure of collagen. 7

Elastin

In contrast to collagen, elastin gives elasticity to tissue, they can allow to stretch them when
needed and return to its original shape. This is the one of the useful properties for blood vessels,
the lungs and in the skin as it has high amount of elastin in it. Elastin are synthesized by fibroblast
and muscle cells and they are highly insoluble. In normal canine arteries elastin ranges from 58%
to 75% of the weight of the dry defatted artery.® this fibers can stretch up to 1.5 times to their

length, and return to their original shape.



Fibronectin

It is a glycoprotein found in soluble forms in plasma and in insoluble form in loose
connective tissue and basement membranes. Fibronectin binds cell surfaces as well as various
other ECM molecules like collagen, heparan sulfate proteoglycans, and fibrin. It allows cells to
move through the ECM. It’s very important functions is help at the site of tissue injury by binding
to platelets during the blood clotting and facilitate cell movement to the affected area during wound

healing.’

Laminin

It is a common ECM component found in basement membranes. It is used as a substratum
for cell migration by many cell types. Laminin form network of web-like structures that resist
tensile forces in the basal lamina. Laminin helps in cell adhesion and binds other ECM

components.

Proteoglycans and glycosaminoglycans

Proteoglycans are essentials for diverse functions and embryogenesis. The major role of
proteoglycans depends upon the glycosaminoglycans which allow connective tissue of ECM to be
able to withstand compressional forces. One of the type of proteoglycan the Heparin sulfate chain
comprise of repeating disaccharide structure which forms glycosaminoglycan which is regionally
modified by various enzymes that produce epimerization, vary sulfating patterns, and alter chain
length.1® The GAG chain create polycationic binding sites for attachment of proteins. GAG is
carbohydrate polymer which is attached to extracellular matrix proteins to form proteoglycans.
There are four different types of proteoglycans.

1. Heparan sulfate



2. Chondroitin sulfate
3. Keratan sulfate

4. Hyaluronic acid

1.2.3 Mechanical properties of ECM

Extracellular matrix in all tissue possesses distinct properties that allow tissue cohesion and
gives biochemical environment to the surrounding cells. ECM components like proteins and
carbohydrate can self-associate in highly order and predictable fashion which is tissue and cells
specific. Self-assembly of ECM is the one of the most salient feature. It forms either two-
dimensional structure or three-dimensional structures in space such as that of the territorial matrix.
ECM possesses varying degree of properties like elasticity, stiffness from tissue to tissue. Elasticity
property generally dependent on fibrous ECM network of collagen and elastin and it has essential
role in cell functions of cells.! within this environment of ECM cells have great sense of
mechanical properties by application of forces. 2 It is very important properties as it helps to
govern various cellular actions like cell migration, cell proliferation and cell differentiation. 315

stiffness and elasticity also guide cell migration; this process is calls durotaxis.

1.2.4 Cell adhesion in ECM

Various component of ECM binds the cells in ECM. There are two ways how it binds the
cells, by focal adhesions and hemidesmosomes, where focal adhesions connect the ECM to actin
filaments of the cell, while hemidesmosomes connect the ECM intermediate filaments such as
keratin. This all cell adhesion process can be regulated by cellular adhesion molecules called
integrins, which is cell surface proteins that bind cell to ECM structures, such as fibronectin and

laminin. Fibronectin has very important role in binding ECM macromolecules and facilitate their



binding to transmembrane integrins. Properties of connective tissue is determining by the
components of ECM and there are many cells that contribute development of type of ECM. Most
common cell type in connective tissue is fibroblast. Fibroblast provide cell structural framework
synthesize ECM and it is ground substance. Chondrocytes are responsible in the formation of

cartilage where osteoblasts are for bone formation.

1.3 PROBLEM STATEMENT IDENTIFICATION

The proper use of chemicals and treatment is essential for of ECM extraction from native
porcine adipose tissue. In order to get success a well-studied protocol for ECM extraction was
prepared in which | used 1% triton x-100 as a surfactant for cell lysis and 0.25% trypsin to break
down the protein bond to cell membrane. Moreover, DNase was used to remove DNA content
from the native tissue.

Tissue engineering is emerging field in medical science which has a great promise the
replacement and repair of tissue organs. The most abundant and easily accessible source of ECM
is the pig bladder. However, it comes with great challenge which is unwanted immunogenic
components that need to be eliminate using physical, chemical and enzymatic treatment such that

it doesn’t affect the necessary compositions and structure of ECM.

1.4 OBJECTIVE OF THIS RESEARCH

The main objective of this research is to obtain ECM by distinct protocol to decellularize adipose tissue
which may be the most effective method in tissue engineering and regenerative medicine. Removal of Cells,
DNA and other immunogenic component with retaining ECM structure intact was the primary focus of this

work. Analysis of Developed ECM and its components such as histological analysis, scanning electron



microscopy, DNA quantification, lyophilization and to quantify necessary components like collagen, GAG

and elastin.

1.5 THESIS OUTLINE

Generally, the entire thesis revolving around extraction of ECM from native porcine
adipose tissue and analysis of its components. The thesis has been divided into 5 chapters.
Chapter 1 “introduction” which describe the tissue engineering and ECM with its current scenario
of the research as well as | also discussed ECM, its properties and its various components. At last
I have briefly discussed the problem statement identification and objective of this research.
Chapter 2 “Literature Review” here I have described the scope of this research with the brief
discussion of background and current research. | have also rendered source of ECM and its medical
and tissue engineering application. And finally, I demonstrate use of polymers in tissue
regenerative medicine.

Chapter 3 “Materials and Methods™ here in this chapter I have explain the process and method use
to extract the ECM from the native porcine adipose tissue. Furthermore, | have discussed
experiment use to evaluate the final product in details.

Chapter 4 “Results” illustrate the outcome of the current research

Chapter 5 “Discussion” comprehensive discussion on the entire thesis

Chapter 6 “Conclusion” stated the essence of the current research



Chapter 2 Literature review

2.1 SCOPE OF THIS RESEARCH

There has been many methods and materials found for surgical operation to mitigate and
fulfillment of different trauma and human body organs replacement. However, most of the time
we need to rely upon the autologous tissue transplantation.’®* Which in fact not successful in all
the cases because of the distinct functionality and of both tissue. This genre of operation cause
morbidity and necrosis inside the tissue due to avascular response would be experience by organs
that has been replaced. 1’ There are various methods by which impair organs or bones can be
treated. However, due to introduction of the foreign biological materials insertion degree of
immune response become decrease and in addition volume integrity mismatch that causes
abnormal condition and discomfort or dysfunction. Therefore, regenerative medicine become the
interest in the tissue engineering to mitigate and eliminate all the disadvantages come from the
conventional method.

Research in the field of Extracellular Matrix(ECM) attract tissue engineers due to its
affirmative characteristics and abundant source in all the mammal. As cell embryo grow it secrete
a non-living substance called ECM which is found in connective tissue, epithelium tissue, bones
and blood vessels. It provides structural and biochemical support to the surrounding cells.*® In
turn, within the matrix and cells it provides signaling phenotype and characteristic among the other
cells and promote healing in a number of tissues, especially the skin and tendons.'® Various
research has been conducted to harvest mammalian tissue organ to extract ECM which possess
distinct structures and chemical composition for various biological purposes. However, it is

unknown whether the tissue-specific composition and architecture of ECM scaffolds derived from
10



individual organs are necessary to maintain the phenotype and three-dimensional arrangement of
cells native to those same tissues compared with ECM materials derived from nonhomologous
sources. 20

However various study suggest that adipose tissue is the abundant source of the ECM
which is ideal material for the phenotype, functional behavior, recellularization and differentiation
of the cells.?! Nevertheless, it is quite difficult to say which method is befitting for specific
regenerative medicine application since every method yield distinct structure and composition.
Normally, most of the method till now created to extract ECM is comprises of combination of
multiple methods like chemical, physical and enzymatic treatment.?> However, after
decellularization some of the characteristics of the original tissue remains intact, although all the
mammalian species have similar compositions of extracellular matrix but may be differ in
microstructure, physical properties, size and shape of the cells. 2 There are methods that is solely
made to remove the cellular components and xenogeneic epitopes while preserving necessary
ECM composition, however trace amount of cellular content such as DNA and a-gal epitope may

be responsible for inflammation and poor result after implantation.?*

2.2 SOURCE OF ECM AND MEDICAL APPLICATION FOR TISSUE ENGINEERING

ECM has been found to cause regrowth and healing of tissue. The ECM has two main
purpose in terms of injury repair and tissue engineering, first, it prevents the immune system from
triggering from the injury and responding with inflammation and scar tissue. Moreover it
facilitated the surrounding cells to repair the tissue instead of forming scar tissue.?® It is very hard
to find a material that will support cell adhesion, and also ensure cell survival growth and
appropriate cell differentiation following adhesion. There are alternative available for tissue

engineering including commercial mixed matrices based upon the composition of basement

11



membrane for instance Matrigel which is available in both growth factor replete and depleted
forms. Pig bladder is the most abundant and cheap source of ECM for medical uses for its relatively

easily accessible and unused source.

2.3 POLYMERIC MATERIAL AND ECM.

ECM has shown great properties like mechanical and biochemical and it has been used as
model for tissue engineering constructs for the production of tissue such a s cartilage, bone, nerve
and skin and also continued efforts toward the production of more complicated organs. Tissue
engineering application relied upon readily available polymeric materials, both naturally derived
and chemically synthesized. These materials for specific application are chosen on the basis of
their aggregate mechanical properties, ease of processing, degradation profiles, and biochemical
activity. Among those most common materials are natural ECM based polymers such as collagen,
fibrin glues, hyaluronic acid, and alginate. However the biological activities and biocompatibility
of these materials are useful, the lack of control over desired mechanical, degradation, and
processing properties has motivated use of synthetic polymers such as poly glycolic acid, poly

lactic acid, ploy glycolic co lactic acid, poly ethylene glycol hydrogels.?6-2

12



Chapter 3 : Materials and method
2.1 EXPERIMENTAL DESIGN

2.1.1 Preparation of adipose tissue ECM

Porcine adipose tissue was brought from the local market weighing about 1.76Lbs. Tissue was kept
frozen at -80°C before thawing. Then tissue was thaw overnight, red fat was cut off and removed, tissue part
then minced and grind to a paste. Tissue was then placed in a beaker containing ultrapure water until it gets
immersed and homogenized for two days. Every step of this protocol was performed onto orbital shaker at
100RPM. After two days elapsed tissue was placed into 0.5M NaCl for four hours followed by 1M NaCl for
same time. After completion of this step tissue was washed into ultrapure water for overnight for two days.
Tissue was then transferred to 0.25% Trypsin and rinsed for 2 hours followed by 1 hour washed in distilled
water. Tissue was then rinsed in 1% Triton X-100 a nonionic surfactant for 5 days, changed the solution every
day. Tissue was rinsed with DNase for 3 hours followed by 2 days washed in ultrapure water. Resulting
material then washed in phosphate- buffer saline (PBS, pH 7.4) for 1 day and stored at 4°C. Entire protocol to

decellularize porcine adipose tissue is described in table 1.

Table 1 Decellularization protocol.

Ultrapure (05M | 1.0M Ultrapure | 0.25% Distilled 1% triton DMase | Ultrapure | PBS
water MaCl Macl water trypsin water %-100 37°C water
48 h 4h 4h 48 h 2h 1h Sdays | 3h 48 h 24 h

13



2.2 CHARACTERIZATION AND CONFIRMATION OF DECELLULARIZATION.

Sample material resulting from the decellularization protocol was analyzed using different biological
technique to determine microstructure, DNA content, morphology and other chemical species such as collagen,

GAG and elastin content.

2.3 SCANNING ELECTRON MICROSCOPY ANALYSIS

Scanning Electron Microscopy uses electron beams that scan samples and reveals vital information
about sample’s surface topography and morphology. Decellularized ECM Samples were first fixed in
paraformaldehyde for 60 minutes and dehydrated. After dehydration samples were washed with graded
Ethanol (50%, 60%, 70%, 80%, 90% and 100%). Samples were sliced off using blade and coated with thin
gold layer using sputter coating method. sample were then put onto scanning Electron Microscope sample
holder and imagine at 5.0 kV in Hitachi S-4800(Fig. 3). However, SEM imaging for native porcine tissue was
done using freeze fracture method using different dehydration trials followed by critical point drying (CPD).

1. FF - 100% Acetone (extracts fat) overnight = Nx(lI) > CPD - Pd coat = view in the SEM

14



Figure 3 Scanning electron microscope (Hitachi S-4800) was used to analyze structure of ECM

2.4 HISTOLOGY

After the successful decellularization, tissue specimens were fixed in 10% (v/v) neutral
buffered formalin, followed by dehydration with a graded ethanol (50%, 60%, 70%, 80%, 90%
and 100%) and then embedded in paraffin wax. 5.0 um thick section were cut off by using a
cryostat microtome system and fixed on a glass slide. Representative sections were stained with

hematoxylin and eosin to study the structure native porcine tissue and decellularized ECM.

15



Figure 4 Acid-pepsin sample digestion for collagen quantification (1.5 ml microcentrifuge tube) (A) and balance was
used to weigh the samples in entire project.

2.5 COLLAGEN QUANTIFICATION

Decellularized ECM was first weigh (Fig. 4 A and B) and digested using Acid-Pepsin solution for
overnight using Sircol Soluble Collagen Assay Kit (Biocolor, U.K.). Samples were extracted with 0.5M acetic
acid containing 1%(w/v) pepsin (P7012; Sigma) for overnight. Briefly the collagen isolation and concentration
protocol were performed adding 100 ul Acid Neutralizing reagent to 1.0 ml acid extract and cold 200 pl
Isolation and concentration reagent to 1.0ml acid extract. The soluble collagen then incubated with 1.0 ml
Sircol dye reagent for 30 minutes at room temperature (Fig. 5 A). The collagen dye complex was precipitated
after 30 minutes in a pellet form by centrifugation (Fig. 6 D) at 12,000 rpm for 10 minutes, and unbound dye
removed carefully. Gently later on 750 pl Acid salt wash reagent to remove unbound dye from the surface of
the pellet, centrifuge at 12,000 rpm for 10 minutes and drain the tube carefully. The pellets were dissolved in
250 ul alkali reagent, and the relative absorbance was measured in 96-well plate at 550 nm using microplate

reader (Fig. 6 B).

16



Figure 5 Collagen dissolve after adding Sircol dye reagent (1.5 ml microcentrifuge tube) (A) and elastin pellets after centrifugation

(B) (1.5 ml microcentrifuge tube)

2.6 GLYCOSAMINOGLYCANS QUANTIFICATION

The sulfated Glycosaminoglycans content of the decellularized ECM was quantified using a Blyscan
sulfated GAG assay kit (Biocolor, U.K.). Prior to measurement of sulfated GAG, sGAG were extracted using
Papain extraction method. Samples were digested with a 0.2M Sodium Phosphate buffer, adding sodium
acetate, EDTA, cysteine HCL and introduce 250 pl of a papain (P3125, Sigma) suspension, containing 5 mg
of the enzyme for three hours at 65°C in hot plate (Fig. 6 A). Solution then centrifuge (Fig. 6 C) at 10,000 rpm
for 10 minutes, decant off the supernatant for use with blyscan GAG assay protocol. The extracted sulfated
GAG was then mixed with 1.0 ml Blyscan dye and shaken for 30 minutes to allow sulfated GAG-dye complex
to be formed and precipitate out from the soluble unbound dye. Precipitate were collected by centrifugation at
12,000 rpm for 10 minutes and then pellets were dissolved in 0.5 ml dissociation reagent. The absorbance was

measured in 96-well plate at 656 nm using microplate reader (Fig. 6 D).

17



Figure 6 instruments used throughout the component analysis of Decellularized ECM. hot plate for sample digestion (A), vortex

mixer to homogenize the content (B), centrifuge equipment (C) and Microplate reader to measure the absorbance at various

wavelength (D)

18



2.7 ELASTIN PROTEIN QUANTIFICATION

The soluble elastin content in the decellularized ECM was measured using a Fastin elastin assay
kit (Biocolor, U.K.). Conversion of insoluble elastin to soluble elastin was done by placing weighed
samples into 750 pul of 0.25 M oxalic acid (Sigma) at 100°C for 60 minutes in hot plate (Fig. 6 A).
Insoluble residues were separated and add further 750 pl of 0.25 oxalic acid and heat again while
supernatant was collected. To extracted supernatant 50 pl of Elastin Precipitation reagent was added and
leave the samples for 15 minutes and centrifuge (Fig. 6 C) at 10,000 g for 10 minutes. The extracted
soluble elastin was mixed with Fastin dye reagent and mixed content, allow reaction for 90 minutes and
centrifuge at 10,000 rpm for 10 minutes to collect the precipitate. Pellets then were dissolved using 250
pl of dye dissociation reagent. The absorbance was measured in a 96-well plate at 513 nm using

microplate reader (Fig. 6 D).

2.8 DNA quantification

DNA from decellularized ECM and native porcine adipose tissue was extracted using PureLink
Genomic DNA mini kit (K182000, ThermoFisher Scientific). Samples were digested using authors
manual, mammalian tissue lysate protocol was used to digest the decellularized freeze dried ECM and
native porcine adipose tissue and proceed immediately to purification protocol which is design to purify
genomic DNA using column base purification procedure. The total DNA content was measured at UV
absorbance at 260 nm in NanoDrop 1000 Spectrophotometer (Fig. 7). Comparison were made between

native porcine tissue and decellularized ECM.
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Figure 7 Nanodrop 1000 to quantify purified genomic DNA content of

native porcine adipose tissue and decellularized ECM
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Chapter 4 : Results

3.1 EXTRACTION OF ECM FROM PORCINE ADIPOSE TISSUE

Goal of this research was to decellularized the discarded Porcine adipose tissue and extract
ECM using combination of chemical, mechanical and enzymatic treatments. An adult discarded
pig tissue was collected from the local market from El Paso, Texas. The fresh pig adipose tissue
in the beginning had lipids, cells, blood and other genetical and unwanted composition (Fig. 9 A)
which had given a tissue light pinkish and oily texture, after each subsequent process mention in
the table 1 cluster of lipids (Fig. 9 B) and cell debris were observed and effectively removed from
the tissue samples (Fig. 9 C), after the completion of entire protocol tissue turned brighter and
fibrous matrix shown in (Fig. 9 D), was stored at 4°C. Quantitively, 85% to 90% of initial weight
was reduced during entire protocol and ECM matrix reproducibly demonstrate between 10% to
15% of the original porcine adipose tissue mass. However, it may completely depend on type of
specific tissue source and health of the animal. Whole protocol was carried out at room temperature
except trypsin 0.25% and DNase which was performed at 37°C.

Decellularization efficiency was evaluated using histology (H & E staining) which confirm
successful removal of most of the cells and retains necessary component of decellularized ECM.
The presence of DNA in samples were measured using DNA quantification, both native tissue and
ECM compared, while DNA content of decellularized ECM significantly reduced. The result
demonstrates that decellularization significantly reduced the potential immunogenic components

in the ECM, while preserve the chemical integrity and proteins of original tissue.
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3.2 LYOPHILIZATION OF ECM

For each assay like collagen, Glycosaminoglycans, Elastin and DNA quantification
decellularized ECM samples were weighed and freeze dried using Freeze dryer (Fig. 8) for 24
hours. Prior to lyophilization samples were freeze for 1 hour and put them in freeze dryer chamber.
Significant weight reduction was observed as most of the water content of samples evaporated
from the ECM samples can be seen in (Fig. 10) at certain pressure and temperature conditions.
Motive of the lyophilization was to allow maximum exposure of tissue component rather than

unwanted water quantity included throughout the assay.

Figure 8 Lyophilizer to freeze-dry the decellularized ECM samples
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Figure 9 Macroscopic images of native porcine adipose tissue and decellularization. Native porcine tissue (A), clusters
of lipids (B), lipids removed (C) and final ECM after freeze dry (D). scale bar represents 1 cm.
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Figure 10 Freeze drying of ECM. Decellularized ECM (A) and freeze-dried ECM (B). Scale bar represent 1.0 cm

3.3 SCANNING ELECTRON MICROSCOPY

SEM images revealed the morphology and structure of native porcine tissue and
decellularized ECM. Fig 11 shows scanning electron microscopy at different magnification for
Native porcine tissue (Fig. A) and decellularized ECM (Fig. B, C and D). Surface morphology was
found absolutely distinct for decellularized ECM than native porcine adipose tissue. However,
decellularized ECM revealed consistency in fiber diameter, while fiber bundles were distorted, but
the cellular component was effectively eliminated. Within the bundles of collagen fiber
distributions are align and well adhere to each other. Native porcine adipose tissue revealed
indigenous microstructure where all the matrix is surrounded by the lipids and cellular components

and structure is completely logged.
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3.4 HISTOLOGICAL ANALYSIS

The confirmation of remaining cells after decellularization was evaluated using H&E
staining and compared with native porcine tissue. Decellularization efficiency showed positive
correlation with the native tissue as cell were completely eliminated. Fig 12 shows and confirm
that the cells were significantly removed from decellularized ECM while native porcine adipose
tissue witness of cell nuclei clusters and can be seen as blue or purple stain. cytoplasm and

extracellular matrix, however can be seen as dark red and pale pink respectively.

3.5 DNA QUANTIFICATION

DNA content was evaluated after decellularization treatment. Study confirm significant
reduction in DNA content of decellularized ECM than native porcine tissue. 14-day protocol of
ECM extraction proved elimination of almost 4™ times of the DNA content of native porcine
adipose tissue represented in Fig 13. DNA content in native porcine tissue found to have 60+5

ng/mg while the decellularized ECM was detected 14+2 ng/mg dry weight tissue.
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Figure 11 SEM images of native porcine tissue (A) and decellularized ECM (B, C & D). scale bar represents 10 um (A x1400), 10 um

(B x 5.0k) and 1 um (C 30k & D 40k)
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Figure 12 Histological images of native tissue (A and B) and decellularized ECM (C and D). scale bar represents 100 um (A and c)

and 50 um (B and D)
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Figure 13 DNA quantification. native tissue shows 60 ng/mg while decellularized ECM shows 14 ng/mg DNA content

Decellularized ECM Component analysis

It has been found that most abundant protein collagen have remained intact in ECM
matrix. The decellularized ECM was rich in acid-pepsin soluble collagen with amount of 127 + 10
png/mg ECM dry weight. A significant amount of Another main component of decellularized ECM
which is elastin protein found to have remain 81 + 5 pg/mg ECM dry weight. However, a very
small amount of glycosaminoglycan was also detected in the matrix of ECM weighing 42 + 4.4

pg/mg ECM dry weight. Fig 14 show the comparison of each component.
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Figure 14 Decellularize ECM component analysis such as collagen, elastin and GAG
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Chapter 5 : Discussion

Porcine adipose tissue was treated using our protocol aiming to removal of the xenogeneic
epitopes like cells and DNA with minimal disruption of Extracellular matrix to maintain structural
integrity and biochemical integrity. ECM is a regulator of cellular behaviors including cell
survival, proliferation, morphogenesis, and cell differentiation. 2° It has been proved that
decellularized ECM can mimic the compositions, microstructure and biomechanical properties of
the native ECM. 33! Animal derived ECM can have concern over negative immune response, as
well xenogeneic disease transmission. Considering all above factors, new and more efficient
techniques to isolate the ECM should be develop to eliminate xenogeneic epitopes. There have
been several protocols establish by various researchers to optimize the decellularization effect with
minimal adverse effect on ECM compositions. 2> Methods also found to decellularized human
adipose tissue. 3 They have used isopropanol as solvent removal, as well chemical, physical and
enzymatic treatment was used for effectiveness of protocol. Here in current study non-ionic
detergent 1% Triton X-100 was used optimize the protocol. Trypsin which is best known for cell
removal, however trypsin is disruptive and exposure time should be well controlled. In another
study, ECM was extracted from porcine adipose tissue by simple pulverization method under high
temperature and effectively decellularized after a relatively short exposure to sodium dodecyl
sulfate and enzymes, Unlike human adipose tissue, porcine adipose tissue cannot be easily
decellularized because it is thick and dens, in addition at low temperature and at room temperature,
lipid may have trapped within the adipose tissue may congeal, which may affect decellularization
and freeze drying.®

Primary focus of the current research was to isolate ECM from porcine adipose tissue which

is complex network of cells and matrix attached and adhere to each other that makes isolation even
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difficult, therefore chemical and enzymatic treatment can be used to remove cellular remnants and
xenogeneic epitopes. 34 Although, these chemicals are harsh for the human body and may raise
concern of toxicity in decellularized ECM. However, this combination of chemical, physical and
enzymatic treatment may not be efficiently remove cellular components from tissue. Even
commercially available biological scaffold and ECM material contains a trace amount of remnant
DNA, despite their use in clinical operation. °

The current research however, was highly effective in removing DNA, cellular components,
lipids. Approximately, 14 + 3 ng/mg (dry weight) DNA was quantified compared to native porcine
adipose tissue 60 + 4 ng/mg (dry weight) was measured. However, another study for the extraction
of ECM from porcine adipose tissue evaluated the DNA content of native tissue 1173 +1.75 ng/mg
(dry weight) while the decellularized ECM DNA content 43.2 + 3.23 ng/mg (dry weight).®
Interestingly, matrix structure of ECM remains intact which was observed in native porcine tissue.
Our result suggest that the protocol is effective eliminating xenogeneic epitopes and preserve the
fibrous structure of the native tissue. Current research shows a descent amount of decellularized
fibrous component such as collagen 127 + 10 pg/mg (dry weight), soluble elastin 81 £ 5 pg/mg
dry weight and small amount of GAG 42 + 4.4 ug/mg dry weight. while in another study 332.9 +
12.1 pg/mg (dry weight), 152.6 £ 4.5 pg/mg (dry weight) and 85 + 0.7 pug/mg (dry weight) of
collagen, elastin and GAG was quantified respectively.®® Collagen was quantified in Various
research on human and porcine adipose tissue reported containing many ECM component,
including collagen I, III and IV, elastin, laminin, fibronectin, and various bioactive molecules.
21,32,36

The aim of this project is to decellularization of porcine adipose tissue retaining the ECM

composition. Histological analysis such as H&E staining showed that cellular component and
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DNA was successfully removed. DNA quantification was witness for reduction of DNA content
than the native porcine adipose tissue. Important decellularized ECM component such as collagen,

GAG and elastin was found well preserved.
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Chapter 6 : Conclusion

Discarded waste of porcine adipose tissue can be used as biomaterial. The results of
the study showed that the decellularization protocol able to successfully removed Immunogenic
component such as cellular content, DNA and lipids, were significantly removed while preserving
decellularized ECM matrix. Decellularized ECM may provide a suitable biochemical environment
for the growth, proliferation, adhesion and differentiation of human cells in the in vitro and in vivo
study for tissue engineering applications. However, the presence of nucleic acid remnants,
including excess lipids and DNA, may affect the ability of an adipose ECM material to function
as a template for constructive remodeling in vivo. The ECM derived from porcine adipose tissue

can serve as a xenogeneic biomaterial and can have great potential for biomaterials application.
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