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Abstract

The purpose of this research project is to desigmulti-layered scaffold using rapid prototypingn@ximize the
growth of 3T3 fibroblast cells within a culture ptec ware. 3T3 fibroblast cells grow as a monotaykich puts a
limitation as to the number of cells that can baagr in particular areaMaximizing the number of the cells grown
without adding surface area is a cost effective wfagreating a solution to a problem. Specificalhg selective
laser sintering (SLS) method of rapid prototypitgyp an integral part in this research. The SLS ieraForm
Polyamide (PA) to make four scaffolds that provideel appropriate mechanism for cells to cultivate torive. By
using different parameters such as coating onefssaffolding with collagen or changing the potpsif the
structures within a culture well plate providedoirthation that would be applicable to other cultassvell. The
four lattice structures had the following porositge 45% dense, 29% dense, 16% dense, and 6% dedsasity
of 100% is equivalent to solid DuraForm PA Expeniad evidence showed a strong correlation betwdggla
surface area and population growth. Designing #added to higher cell growth as compared to thenolayer.
The cell growth increased well over 200% in 6 duB scaffolds tested. A multilayer scaffold will @p up the
possibility of growing cells in a way that is natlyp cost effective but also provides data that wiche very
beneficial to the scientific community and bioteclugy industries.
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1. Introduction:

1.1. background:

Technology is constantly advancing in the medidtifin order to keep up with the increasing densamehd one of
those demands requires figuring out a way to desigeaffold in order to grow tissues for organ s@ants. Last
year only 23,683 people were fortunate enoughdeive a transplant, while another 80,000 peopléadiiSince
the demands for this resource cannot meet the rdells patients, it is up to the scientist, engiseand doctors
alike to develop a model that would no longer altber accessibility of not having a transplant todsee an issue.
Researching cell growth allows the researchergiaré out how cells are grown onto a scaffold, deiee the
complexities and challenges of growing vital organsside the body, and pave the way for more coxnpigans to
be embedded onto the scaffold .

3T3 fibroblast cells are the core foundation t@ tigisearch experiment and originally come fromliioe of
embryonic Swiss mice. The unequivocal growth rédtiooblast 3T3 cells make this organ an excellmodel to
study. Mice skin cells are used as opposed to hugkiancells because of the extreme precautionsatbatd have
to be addressed if human cells were studied inst&iade the genetic makeup of mice to humans diféerent the
spreading of harmful diseases would be minimized.

The hypothesis for this research is that bytarga multilayer scaffold this will maximize theltpopulation
without having to add surface area. Also coatirggdtaffold with collagen would cause the cell papah to



increase even greater. In the body 3T3 fibroblah$ @are covered in collagen, and replicating émgironment
would aid in the reproduction process. Lastly,haf four lattice structures, lattice structure (L84uld provide the
highest population growth.

2. Methodology:

2.1. cell culture:

The process of designing a scaffold for high dgrel mammalian growth is one that involves maystesmatic
techniques. The first procedure requires the daljuof 3T3 fibroblast cells. Culturing is the pess where cells
are cultivated in a laboratory under conditiong Hra controlled irex vivo and the specific idea to maintain cells
separate from their original environment. The mésliecomposed of four hundred and fifty millilitefrsl) of
Dulbecco’s modified eagles medium (DEME), five mhpenicillin/streptomycin, five ml of I-glutamingnd fifteen
ml of fetal calf serum (FCS). The other materialived in this experiment include trysin and phuse buffer
saline, which is used for extracting the cellstb# cell walls of the flask.

Cell culturing is a continuous process that éntaowing cells under aseptic conditions. Ondesafety measures
have been completed, removing cells from the intartia the first step. The incubator maintainspheper
conditions for cells by controlling temperaturenidity, and creating an environment that is condei¢o cell
growth. Removing 3T3 fibroblast cells from the sue of the flask is the next procedure. By addémgml of
phosphate buffer saline, this removes any mediunaimging. Typsin is the enzyme used in facilitatihg
detachment of cells at a faster pace. One ml efahzyme is the proper amount followed by plachegfibroblast
into the incubator for another seven minutes. Ditpthe enzyme with an additional ten ml of PB8dsential
before centrifuging the cells. Cells are spun dawiie form of a pallet using a centrifuge anddwaleéd by removal
of trypsin and resuspension in media. The nextgmare requires preparing two test tubes with tHewviing
amount: one test tube is filled with 9 ml of mediwith 1 ml of cells, while the other test tubeilefl with 9.5 ml
of medium and .5 ml of the cells. Preparing twa teles at all times eliminates any room for errbhe process of
culturing cells should be carried out every theéour days to eliminate the competition of resesrand promote
cell growth.

2.2. autoclaving:

Sterilization is the chief component that allowstfee killing of bacteria, germs, fungi or any atharmful diseases
that would contaminate the fibroblast 3T3 cellse@fically, autoclaving is the methodological preséy which
any traces of these diseases would be destroyaffolsis were sterilized in an autoclave at 121°@ ampressure of
1.1 bars.

2.2.1. materials;

Choosing a material that is compatible with thedggototyping and also autoclaveable is a requinetmvhen
designing a multilayered scaffold. During this esigent a test was completed in order to ensure bbthose
requirements were meet. In the Rapid Prototypingt€eat the Milwaukee School of Engineering (MSGtere
were eight materials that could be examined foeexpentation. The materials included: DuraForm GIRgs
filled), DuraForm Flex, DuraForm PA (polyamide), dra25, Polycarbonate, Acrylonitrile-Butadiene
Styrene(ABS), Polyphenyl Sulfone (PPSF), and ZP-131

2.3. collagen coating:

Research has shown that creating environmentsrinait the body maximizes cell population of fibrast 3T3
cells. The experimen#y Co-Cultured Skin Model Based on Cell Support Membranes', showed a 55% increase in the
cell population when using a collagen coating toycaut the experiment. Thus, collagen coatinghefscaffold
was used to determine whether or not this wouleefmveffect on population growth. Type one collages used
to coat the surface of the scaffold. Specificalys type is known to facilitate the reproductiarer of cells.

The procedures for coating the collagen inclird reconstituting the concentration of .5mg/ml25% of acetic
acid, occasionally swirling for several hours. Otitat task has been completed, dissolving theisoldibor several
hours at a temperature of 2 to 8°C is the followpngcedure. The next step involves coating thefsichand



allowing the solution to sit overnight. The finabpedure involves sterilizing the scaffold by rimgiwith seventy
percent ethanol.

2.4. cell seeding:

Cell seeding has a profound effect as to how tHescable to proliferate onto the scaffold. Ireliature, methods
have been reported with the purpose of figuringhamut to efficiently seed the cells onto a scaffolhging from
simple techniques such as static seeding all thetevenore advanced seeding methods similar to pleszerfusion
seedingDepending on the function of the scaffold, thidl determine which method would be applicable fell ¢
seeding. In this experiment, centrifugal force wWasmethod that was replicated. Centrifugal faeeding allows
high efficiency seeding at low cell concentratioising fewer disposal items. Also being able tod/eelfairly even
distribution of cells throughout the entire constrmade this an appropriate technique to replicetes procedure is
a step that determines how well the fibroblastscate able to attach and proliferate throughoustadfold.
According to the Biomaterials Journalcommon issue with cell seeding is the inabibtgleliver cells deep inside
the scaffold with a uniform distributiénBy using a technique such as centrifugal foreat titilizes different
physical principles and allows high levels of vdsation, this would meet the common challengesesged in
previous research.

2.5. cell counting:

The method utilized to calculate cell populatiomdived using a hemacytometer. Once the cells baea counted,
an equation can be used to determine the total auoftrells in each scaffold. The equation usessifollows:

Total cells countedx dilution factor x 10,000 (1)
Number of squares

2.6. rapid prototyping:

Rapid prototyping is a unique process that allowsaifold to mimic the function of a natural extellular matrix
in the body. The capability to increase the biaatstin the scaffold makes this technology an adeament in
designing a scaffold because of the increaseguogliferation. The goal of the scaffold is to ceeatdesign in such
a way that the cells would be in close proximity authe same time allow the growth of differingnsto be
separated in layers mimicking vivo. On a broad spectrum, rapid prototyping takesialrtlesigns from computer
aided design of CAD software then transforms thetm thin, virtual, horizontal cross-sections cregtcross
sections in physical space. This process is replicane after the other until the model comes topietiorf. There
are several machines by which this process camoimpleted. Specifically the selective laser singnmethod was
applicable to the scaffold design because the8a&hine is constructed in such a way that useghagower laser
to selectively fuse small particles that would ldie represented into a three dimensional objdts preferred
fabrication process is ideal for producing an g#té structure that require precision and accuéigyre 1 shows
the four lattice structures along with varying psities. Overall, this technology provides a greataterstanding in
the cell's physiology, and cell growth pattern tbah be applied to other cultures as well.

LS1-45% dens | | LS2-29% densi || LS3-16% dens | | LS4-6% dens

Figure 1. The four lattice structures used to ¢efitgrowth.



3. Experimentation:

The set up for this experimentation involved uging six well plates. Figure 2 shows the experimesgaup of the
first well plate. The first well plate containedeoside that was used for collagen coating, whiteater half had no
collagen coating. On each side of the well plagzdtwere three different lattice structures withyireg porosities,
together holding six scaffolds in the first welafs.

Collagen

No collagen

Figure 2. Experimental set up showing scaffoldsritesl
in a six well plate.

In the second well plate, lattice structure foud &me control monolayer were the materials usetim
well plate.

4. Results:
4.1. rapid prototyping materials:

Out of the eight materials, five could not withglaghe adverse conditions required for autoclaviffgbse materials
included: DuraForm Flex, Accura25, Acrylonitrile Bdiene Styrene(ABS), Polyphenyl Sulfone (PPSH), 2P
131. Warping, bending, cracks in the structure,aotlange of the color and texture of the matewais all
indications that these materials could not be tsatksign a multilayered structure. Of the threeaiming materials
that could be autoclaved only DuraForm PA was tsexarry out the experiment.

Table 1. Autoclaving ability of rapid prototypingaterial

Passed X X X




4.2. cell growth:
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Figure 3. Cell population for the collagen coatedff®old vs. control
monolayer.
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Figure 4. Cell population for uncoated scaffoldseerthe control
monolayer.



Figure 3 shows the cell population for the collageated scaffold versus the control monolayer. Gdrerol
monolayer produced a cell population of 5,850 cél&l generated a cell population of 28,130 a 38@%ease as
compared to the control monolayer. LS2 two obtaimegll population of 18,000 which is a 208% ineeedn LS3
the cell population was 22,052, a 276% increasastly, in LS4 the population was 10,250, an ince#Hs’/5% as
compared to the monolayer.

Figure 4 shows the cell population for the utedacaffold versus the control monolayer. In FégBythe
monolayer yielded a population of 4,500. LS1 haglapopulation of 27,000 a 500% increase. For tt&2
population growth was 29,500 a 556% increase. 5&, 111,700 was the population growth, and the p¢age
increase was 160%. Lastly, LS4 harvested 9,235 with a 105% increase.

5. Discussion:

This research showed a strong correlation betwadace area and cell growth. The larger the suréaiea, the
higher the cell growth tended to be. LS1and LS2alestrated this idea as both of these lattice strasthad a high
surface area yielding a higher cell growth.

Cell seeding is the primary explanation as tg whone graph one lattice structure produced thkdst cell
growth while in another graph a different lattiteusture had the highest cell growth. When a higlersity of cells
is seeded onto a scaffold this causes an incraabe ioverall cell growth for that particular la#istructure.
Although the same number of cells was placed insal# scaffold, cell proliferation was dependententrifugal
force seeding.

Lastly, time was a factor in this experiment@asvhy the uncoated scaffolds produced a highérgceivth versus
the collagen coated scaffold. Based on previowsares, it is hypothesized that the longer the ealiskept on the
scaffold the more mice keratinocyes would be preduallowing a greater cell proliferation onto gwaffoldf. Also
having a collagen coating would produce an evehdrigroliferation rate. In this experiment the @glnt was
taken only after a week. If the cell count wouldddeen taken after three of four weeks, as oppimsadveek, the
results should be dramatically different.

6. Conclusions:

In conclusion, the hypothesis for this researctedtthat by creating a multilayer scaffold, thidlwiaximize the

cell growth without having to add surface area. €kperiment showed that by building a multilayeaffud this
increased cell growth in every one of the lattitactures and well over 200% in 6 out of 8 scaffdieisted, as
compared to monolayer. The second assumption foexperiment states that by coating the scaffatt eollagen
this would cause the cell population to increassneyreater because fibroblast are covered in @ilagthe body,
creating a condition that is favorable for thdsceélhe finding showed that collagen did not caausggeater increase
in the cell growth. In fact the uncoated scaffdtiswed a dramatically higher cell growth. Lasttyas theorized
that LS4 would provide the highest population gtolecause the large pore size would make it efsi@utrients
to flow in and out of the scaffold. The finding 4 $roduced the lowest cell growth. The pore sizs twa large for
the cells, causing the cell attachment and pralifen rate to be low.
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