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CHAPTER |

INTRODUCTION

The integrity of the cellular plasma membrane is essential for maintaiaibijty of any
eukaryotic cell. The extent of a rupture in the plasma membrane can result irysepad the
cell, or a survival mechanism successfully repairs damage to the plasniaamerand
reestablishes homeostasis in the cell with respect to the envirohriieetlatter outcome has
been the focus of many research programs because the inability for ceflaitaheir plasma
membrane has been linked to human diseases such as heart failure and neurodetjérignation
disease state is a consequence of poor membrane repair or accelethtetlideplaceable cell
types. Unfortunately, the mechanism by which the cell responds to an injury &lthe c
membrane is still quite elusive but some clues have been revealed. Previous stedsé®Wwa
that intracellular vesicles in organelle containing cells are detiieréhe site of damage on the
plasma membrane. Entry of extracellular Calcium after plasma meentupture induces a
membrane repair signal and aids in the fusion of the intracellular vesithestasma
membrané®, Deployment of these intracellular vesicles has been shown to involve

rearrangement of microtubules toward the site of membrane ddmage

This study describes the cellular response to a novel wounding caused by iempaec
permanent residency of nanofibers in living cells. This type of wounding has magtoideed at
the level of transcriptome. The goal of this project was to determine whieghieedling
response would resolve sufficiently such that new genetic perturbations conttbdeded and
studied in live, impaled cells. We hypothesize that some common mechanismsidéihtiged

when impaled cells are compared to known mechanisms of plasma membrand nepaiudy



is important because the interfacing of live cells with nano-electroiaatbas the potential to
provide an active protective barrier for medicinal implants to regulatecghcarring, and

provide extended life to implants modulating disease progression.

Mechanismsfor Plasma M embrane Repair

One model for resealing a rupture in the plasma membrane is the plasma neembra
itself. Cells are known to maintain relatively low intracellular Calclawels. Maintenance of
Calcium is essential for normal cell functioning as Calcium is a wigkdlyed signaling
molecule in metabolism. In the absence of Calcium, isolated liposomes edl edter small
ruptures are induced without contributions from additional organelles. Also red blaod cell
(RBCs) do not contain organelles but will reseal a rupture in the membrandomhe
extracellular Calcium is presefft Even nucleated cells with a small rupture (<1 um) have been
shown to reseal in the absence of CalcttniThus a self-sealing mechanism is proposed to be
driven by increase of free energy from the disordering of the orderedhaaysavithin the
phospholipid bilayer surrounding the membrane rupture. However, these observations were
made under a controlled environment and have not been observed under physiological
conditions. When a RBC lyses, the cytoskeleton is observed to breakdown with anrnigcreasi
influx of Calcium leading to accelerated alteration of the phospholipid bitayefThe high
influx of Calcium is proposed to prevent any thermodynamically favoraldalneg of cell
membrane. Together these observations demonstrate that low extracelllsaCdorim can
aid in resealing a rupture in the plasma membrane but if a rupture allovegliotea Calcium

influx to reach extracellular, physiologic levels, it is usually letbahe integrity of the cell.



The first models discussed revealed lines of evidence that the plasma membrane ca
reseal spontaneously under the specific conditions. A plausible model has been proposed i
which membrane damage causes the cell to actively provide intracellitdeyes an
organized response to membrane wounding, and to counter unfavorable envirbhifieats
reasoning behind this model is that high membrane tension (tensile forceredangrhbrane)
has been shown in fibroblasts to prevent resealing due to counteracting therggetloeal
lipid disorder. The production and release of free vesicles from the Golgi ajgpar#te wound
site has been correlated with reduction of membrane tension thus allowinggeszaltcur
131415 Although it has been determined that this type of organized cell repair is found inenultipl
cell types, the type of vesicles or other aiding factors varies. Forpaalysosomes and
enlargosomes are two of the most prominent vesicles in CHO cells that haverbetiy shown

to fuse to the plasma membrane at the site of injury after an influx of elkitac Calcium®

Nanofibers

A novel method has been developed in the field of carbon based nanofiber synthesis
resulting in vertically aligned carbon nanofibers (VACNF). The synshaeflsVV ACNFs consists
of many precisely controlled stages. First, is preparation of thindiands of catalyst material
by means of physical vapor deposition through lithographically patterned rasiss.nNext the
catalyst film is pretreated by increasing the temperature oflthéhfrough substrate, laser
irradiation, or ion irradiation and placed in a reducing atmosphere of hydrogen gasa.pla
This pretreatment results in dewetting of the film and formation of catadysiparticles. Now
the last step is the growth of the nanofiber from the base of the catalyst tiateopéris last

step is achieved by introduction of a carbonaceous gas over the film. Carborcdenygergally



deposit underneath the catalyst nanoparticle allowing the catalyst narlegarntise on top and
the nanofiber to elongate. These steps have been improved upon to create whole arrays of

VACNFs. 16

These VACNFs have been in development for biological application with recent studies
utilizing VACNFs as a method of cell impalement and transfecfidfurthermore, the length
and spacing of the nanofibers has been optimized for cell impalement and maintlining c
viability. For “impalefection”, attachment of a Green Fluorescent Rr¢@&FP) encoding
plasmid to the nanofiber is transfected into the impaled cells. Figure 1 amd Eiglearly
demonstrate growth and attempts at motility of live cells following lempant and transfection

of GFPS.

Figure 1. Scanning electron micrographs of cells following
(A) centrifugation, (B) press, and (C) culture for 48 h (scale barspe)OReproduced with

permission from Dr. Timothy McKnight, Oak Ridge National Laboratbty.



PC12 24 hrs

Figure 2: Impalement of CHO and PC-12 cells with GFP expression vectoliedod{CNFs.
The success of impalement is demonstrated by the expression of green fhuqrestea.

Reproduced with permission from Dr. Timothy McKnight, Oak Ridge National Laborafory

CHAPTER I

METHODOLOGY

Nanofiber and Cell Impalement

VACNF arrays were synthesized according to McKnight, T. E. et al. Thenselised
for these experiments was the Chinese hamster ovary (CHO). Cells wereigtHam’s F-12
nutrient mixture supplemented with 1 mM glutamine and 5% fetal bovine serum. Cellgulture
were grown in T-75 Flasks. Once the culture has a desired density ranging from 6@&000 t
000 cells ml-1, the CHO cells were centrifuged at 600 G out of suspension onto these chips,

which resulted in some cellular impalement on VACNFs. Optionally, to increageabability



and depth of fiber penetration into cells, the chip was then gently pressed aflainstetted
surface following the spin (Figure 3). Another set of chips were used aslsanith the CHO
cells seeded on the nanofiber chip with no impalement application. Following thesatiategr
steps, the chips were placed in growth media in a culture dish and incubated with a set of

impaled and seeded chips removed at 30, 60, 120, and 240 minutes and 24 hours and placed at -

20C in RNA Later.

Figure 3: A) Scanning electron micrograph of a carbon nanofiber array afftagally defined
with 5 um spaced, 7 um tall fibers with tip diameters of 30 nm. Scale bam= B) Cells are
spun out onto a VACNF. C) Following the spin, the substrate may be pressed agaitetla wet
flat surface. Reproduced with permission from Dr. Timothy McKnight, OakeRifgional

Laboratory*’

Beadmilling and RNA Isolation
Nanochips with CHO cells either impaled or seeded from each time point were demove

from RNA Later and placed in 1.5ml screw cap microfuge tubes alreadyrsogtseven, 3mm



silica beads from Biospec (Bartlesville, OK) and ~1ml of solution contalignM

Guanidium Thiocyanate, 18.1 mM Citric Acid pH=7.0, 0.36% N-Lauryl Sarcosine, and 19.8 nM
Beta-mercaptoethanol (BME) that was made using diethyl pyrocarboretedtveater (DEPC-

H20) and filtered with 0.22 um nylon membrane. A Beadbeater from Bio¥p@artlesville,

OK) in combination with the small beads and the Guanidium buffer was used to break open the
cells and shear the DNA. To prevent overheating, the tubes were treated to oneminute
beadmilling followed by thirty seconds of cooling in an ice water bath. Ti@ghation between
shearing and cooling was repeated at least eight times. To each tube 95% eibadided in

an amount that corresponded to 50% of the volume of the extract in the tube, bringing the final
EtOH concentration to 33%. The combined mixture was transferred to RNA purification

columns (RNeasy Mini kit, QIAGEN' | cat # 74104) for isolation of total RNA.

Amplification

The Epicentré™ 2-Round amino-allyl (aa)-RNA Amplification kit was utilized to
amplify antisense RNA according to the manufacturers instructions. Thigfiaatigh method
allows the indirect incorporation of fluors by incorporating reactive amilybtal'P into RNA
during the amplification process. A starting amount of 50pg-500pg of RNA isolatased for
each time point and replicate. The amount of aa-UTP used in the reaction mixdondhe s
round of amplification was optimized to three-times the recommended amoumravén
nucleotide to dye ratios in the final labeled target. The yield from angtidit was determined
using an ND-1000 Spectrophotometer (Nanodfbpnc.) and typically 20-30ug of amino-allyl

UTP-labeled antisense.



The amino-allyl UTP in the amplified aRNA was then coupled to NHS-estafitthed
Cy5 or Cy3 fluors using 100mM Carbonate buffer or a proprietary coupling buffer and protocol
from Ambion™ (Austin, TX). Uncoupled fluors were removed by passing through a cleanup
column from a RNeasy Mini kit from QIAGEN (cat # 74104). The concentration and nt/dye
ratio of the sample was then measured on a NanoDdgD-1000 spectrophotometer. The
optimal conditions for microarray hybridization using Phalanx OneArray ™ Mouseaniays
(described below) was 2ug of labeled anti-sense RNA with a ratio ohkesg'b nucleotides per

molecule of fluorescent dye incorporated.

Microarray Hybridization

The pre-printed, (>31, 000 features) Phaldfxmouse microarray slides were pre-treated
by humidifying overnight at 80% humidity. After humidifying, the slidesewred in an oven
at 65°C for one hour and then agitated in 95% ethanol for 10-15 minutes. The aaRNA dye
coupled samples were hybridized to Phalanx mouse microarray slides upliainded protocol

version 3.3. No other changes were made to the Phalanx protocol.

Data Analysis
Statistical treatment of raw microarray data was done using Omit/safray Studio

version 3.0 (Morrisville, NC)I{ttp://www.omicsoft.con). Microarray data were normalized

using quantile normalization and then transformed based on log2 scale. Gemerbsts
generated using statistical limitations on fold change in gene expremstoonfidence p-
values. These sets of gene lists were used for functional annotation. Gelogistthe

classification of genes based on three primary categories: Celhdagpd@ent-breakdown of



association and location; Molecular Function-describes a specific y¢axitlon exchange);

Biological Process-an event that occurs through the grouping of genes wiitblpamolecular
functions (ex. Signal transduction). There are many GO subcategoti@sipgrto the primary
three. The gene lists were analyzed for function patterns using the Wellt Gese Ontology

(GO) Tree lttp://bicinfo.vanderbilt.edu/gotmbioinformatics program from Vanderbilt

University. Web Gestalt identifies genes significantly over-regmesl in specific GO
categories, and displays them in visually simple GO-Trees where ovesegpd gene sets are
colored in red and given probability assignments. . GO categories wedstudover
representation of any subcategories in the form of pie charts using &koesthe Graz

University of Technologyhttp://genome.tugraz.atFinally, KEGG pathway maps from the

Kanehisa Laboratoriesitp://www.genome.jp/keggvere used to map up and down regulated

genes from the gene lists.

CHAPTER IlI

FINDINGS

Significant Differential Gene Expression is Eliminated by 24 hours

Our data shows that the overall cellular response to nanofiber impalemegeig lar
resolved by 24 hours post-impalement. Studies on membrane repair mechanisgnshuearl
that calcium influx initiates a wound-repair respori&eAlthough nanofiber impaled cells have a
resident nanofiber “plugging” the membrane wound, it is likely nanofiber peoetratuld
result in variable degrees of calcium influx. Our data supports a model of calciurwitien
the overall chaotic response is considered. Calcium initiates and propalgatgsraumber of

signal transduction pathways, activates transcription factors and enaydegnerates an ionic



gradient repair responde At early time points, specific effects of a resident nanofiber cannot be

discriminated from this presumptive response to calcium influx.

Impaled cells demonstrated an increase of total differential gene egprpeaking at 60
to 120 minutes following impalement. Analysis of total gene expression (Figutatibtically
significant differential expression using Web Gestalt (Figure 5), anabolet KEGG pathway
maps (Figure 6) demonstrate that by 24 hours the differential expression qofdeles closely
with the non impaled control cells. In Figure 4 all valid differentially exped genes (those
passing the statistical criteria for intensity signal mean +/- 1 atdrtkviation) were compared
using thresholding. The trend line in Figure 4 illustrates that first diff@leygne expression

peaks at around 60 to 120 minutes and before it is greatly reduced by 24 hours.

In Figure 5 only genes with a fold change of 0.1 to -0.1 and p-value of 0.3 were
compared using Web Gestalt. GO categories highlighted in red are considarchsit based
on thresholding standards applied. Lines connecting GO categories indgecptetaf a
hierarchal related classification. In Figure 5 the plots show increasealiditterential
expression activity (based on the number of red highlighted GO categoriesy) &0
minutes (Figure 5a) and peaking at 120 minutes (Figure 5c) followed by aslagreend at
240 minutes (Figure 5d) and a collapse in significant differential gene egpreg24 hours
(Figure 5e). Other notable observations were made including the GO catéglasesa
membrane” and “protein binding” which were over-represented from 30 to 240 miRigese
5a-d). The GO terms “developmental process” and “multicellular organmaass” are also

continually over-represented from 30 minutes to 240 minutes (Figure 5a-d), and anrigcreas

10



number of their subcategories are significantly overrepresented pealid@ mitinutes (Figure
5c¢1-3). One other general GO term “cell communication” and corresponding subiesteg

appears at 60 minutes until 240 minutes (Figure 5b-d).

Further validation that cells have recovered from impalement by 24 hours is shogn us
KEGG metabolic pathway maps (Figure 6). These pathway maps show diffesetiticy is
severely reduced by 24 hours, suggesting that the cell transcriptome is retimongal.
Metabolic pathway maps represent only a fraction of the known metabolism witkjrboe
provide an overall view of the cellular activity related to known functions. Thele@amaps
were generated using a gene list with statistical threshold of 0.1 to -0.1 folyecirash 0.3 p-
value. These relatively “relaxed” statistical conditions were used betaeipurpose was to
demonstrate that differential gene expression was decreased to nedr andbacause the use
of hamster RNA with mouse microarray probes increased the probabilitgeffagatives over
false positives. Up-regulation is represented by a bold red line and down-imyghiat bold
light green. Specific metabolism pathways consistently differentigflyessed either up or
down until 24 hours include Glycan metabolism, Nucleotide metabolism, Amino Acid

metabolism, Lipid metabolism, pentose phosphate pathway, and oxidative phosphorylation.

11



Total Differentially Genes
meeting < 0.05 p-value

1800
1600 Pa
1400 / \‘——
w 1200 /
QO 1000 / \
% 800 // \\
o 600 \
400
200 - \
0 T
30min 60min 120min 240 min 24 hrs
b)
Total Differentially Genes
meeting < 0.15 p-value
4000
3500
g 2500 / \
c 2000 // \\
QO 1500 \
(D 1000 \
500
0
30 min 60 min 120min 240 min 24hrs

Figure 4: a) Gene list per time point was generated after normafizatd transformation with a
statistical threshold of 0.1 to -0.1 estimate range and 0.05 p-value. b) Gene lisegeoitit
was generated after normalization and transformation with a sttistieshold of 0.1 to -0.1

estimate range and 0.15 p-value.
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WebGestalt GO Tree Time Point Plot
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Figure 5: Web Gestalt GO trees of significantly overrepresentedatitfally expressed genes.
Gene lists used has been treated with statistical threshold of 0.1 to -0.1 estichptealue <

0.15. Statistical settings used to generate GO trees include using Hypetrieomthod, BH
multiple test correction adjustmefit significance level of 0.01 of adjusted p-value, and a gene
category cutoff number of two. a) 30 minutes b) 60 minutes c1) 120 minutes “biologicaggroc
c2) 120 minutes “molecular function” ¢3) 120 minutes “cellular component” d) 240 minutes e)

24 hours f) Plot summary of the number of red highlighted GO categories versus time.
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Figure 6: These metabolic maps were generated from KEGG using bstjge@erated from a
statistical threshold of 0.1 to -0.1 estimate and p-value < 0.3. A bold red line indicates up-
regulated differential expression and bold light green indicates down-egdifferential

expression. a) 30 minutes b) 60 minutes ¢) 120 minutes d) 240 minutes e) 24 hours

Signal Transduction

As stated previously, the cell signaling in response to cell damage at imaplas
membrane is not fully understood. GO categories falling under “response to sti(Riduse
5a) are significantly, differentially expressed at 30 minutes as detegtd/eb Gestalt. Among
all differential gene lists studied, the most prominent group of differgngapressed genes
pertained to G-protein coupled receptors labeled as olfactory receptiuse(FFa). The majority
of genes pertaining to this GO category are up-regulated. These receptorsiking s2gnal
transduction could be playing a novel role as part of the recognition of plasmaanembr
disruption and corresponding response by the cell to the site of damage. Othenmeijasl
transducers were recorded (Figure 7b) but none differentially expressast as G-protein

coupled receptors.
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Figure 7: Plot of GO terms relating to signal transduction. Gene list usedemgeplot has
been treated with statistical threshold of 0.1 to -0.1 estimate and p-value < Rld.fagus on
“G-protein coupled receptor protein signaling pathway”. Majority of gendaipig to this GO
category were up-regulated. b) Blow-up of other relating GO terms minusct&ipcoupled

receptor protein signaling pathway”
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Re-establishment of Homeostasis

With the impalement of the cell, ion homeostasis would be expected to be disturbed. An
example would be the influx of calcium expected or loss of intracellular ions. Egidenc
supporting the re-establishment of homeostatasis within the cell followindeimgat is shown

in Figure 8.

35

/ \/ \ = ce|lularion homeostasis

25
20 /\/\\ e cation homeostasis

/dd
15 cellulardi-, tri-valent
10 /\/\ inorganic cation homeostasis
// \\ — cellular metal ion
5 -

Genes

homeostasis

0 . . anion channel activity

30 min 60min  120min 240 min 24hrs

Time

Figure 8: Plot of GO terms corresponding to ion channel activity. Genes in thesad&gOries
are a mix of being up-regulated and down-regulated throughout out the time coursesiGene li
used to generate plot has been treated with statistical threshold of 0.2 to -Oafeemtidp-value

<0.15.
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Plasma M embrane Repair

The resealing of the plasma membrane must take place almost imnyedigedvent the
cell from lysing. The earliest experimental time point used was 30 minutesetsiill see
evidence coinciding with previously stated literature. Expected sigmnilycalifferentially
expressed genes identified by Web Gestalt (Figure 5) are predominantiyglat#te plasma
membrane up to 240 minutes. The GO term “lysosome” is differentially repedsamd
diminishes by 24 hours (Figure 9). In addition, cytoskeleton related differexpia@ssion was
evident (Figure 10) with a focus on gene ontology relating to actin and microtuliuddsisv
consistent with previous stated literatBr&urther evidence may be derived from KEGG
metabolic maps showing activity pertaining to lipid metabolism and disappeadshmurs.

Finally, proteolysis activity (Figure 11) would indicate repair of damagetins by 24 hours.
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Figure 9: Plot of GO term “Lysosome”. Majority of genes are up-regulated throuijieotitne
course. Gene list used to generate plot has been treated with statisstablthof 0.2 to -0.2

estimate and p-value < 0.15.
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Figure 10: Plot of GO terms pertaining to activity at the cytoskeleton. (eemnisning to these
GO categories are not uniformly up or down regulated. Gene list used to geeréias been

treated with statistical threshold of 0.2 to -0.2 estimate and p-value < 0.15.
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Figure 11: Plot of GO terms pertaining to protein degradation. Majority of getiesse GO
categories are down-regulated between 30 to 60 minutes and become up regulated by 240
minutes. Gene list used to generate plot has been treated with statiststabidhiof 0.2 to -0.2

estimate and p-value < 0.15.

Extracellular Matrix

In addition to over-representation of plasma membrane genes in the diffiéyenti
expressed gene sets, the genes involved in extracellular regions arebiyl@yy 120 minutes.
Genesis GO pies indicate overrepresentation of the “proteinaceous éxtmacehtrix” (Figure
12). Also, the continuous differential expression surrounding glycan metaboligung )
throughout the time course has provided candidates for a potential sealing actrahthe
resident nanofiber during and after cell membrane repair. Upon further analysjseaifee

candidate for further testing; heparan sulfate; was identified by Kg&iiway maps (Figure 13)
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that show consistent up regulation of heparan sulfate biosynthesis. An antibatatast

heparan sulfate would confirm the role these glycans play.

basal lamina (2 83 %)

basemert membrane (10.73 %)

axtracelular space (38.05 %)

proteinaceous extracellular matrix (40.98 %)

b)

host cell plasma membrane (3.06 %)

basement membrang (3.7 %)

host cell (3,66 %)

gxtraorganismal space (3.03 %)

proteinaceous extracellutar matrix (8.97 %)

extracellular space (86.01 %)

Figure 12: Genesis GO pies for the GO term “extracellular region @at?0 minutes. Gene list

used to generate plot has been treated with statistical threshold of 0.1 to -Oaleemtidp-value
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< 0.3. a) GO pie of gene list with 361 GO relations and 159 genes belonging to thisycafego

Complete chart of GO terms for “extracellular region part”
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Figure 13: KEGG pathway map of Heparan Sulfate Biosynthesis at 120 minutes] Red fil
indicates up-regulation, dark green fill indicates down-regulation, andgrgkn indicates gene

was found in the KEGG database but is neither up nor down regulated. Grey bars getieate

are not known or not found in the KEGG database. Gene list used to generate pathway map has

been treated with statistical threshold of 0.1 to -0.1 estimate and p-value < 0.3
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Nucleus

Web Gestalt identified significant number of differentially expresseeg at the nucleus
at 30 minutes (Figure 5a). lllustration of GO categories pertaining to numleugpresentation
is shown in Figure 15a (observed) versus Figure 15b (complete GO). This observation is
consistent with the previous statement on the success of transfection or “ictpaiéfef CHO
cells with GFP plasmid as the penetration of the nucleus is necessary.rrarthemalysis of
the impact of any DNA damage (Figure 14) led to no significant detectibrregipect to Web

Gestalt and GO categories reported indicate no leading to a terminal eespohsas apoptosis.

45 DNA repair
40
35 == DNAdamage checkpoint

30
/\/ \ = DNA integrity checkpoint
25

20 \
\ = DNA damage response,
15 signaltransduction resulting
\ ininduction of apoptosis
10 —— DNA damage response,
\ signaltransduction by p53

class mediator
0 _$ﬁ = mismatched DNA binding

30 min 60 min 120min 240 min 24hrs

Figure 14: Plot of GO terms relating damage to DNA. Gene list used to geplatahas been

treated with statistical threshold of 0.2 to -0.2 estimate and p-value < 0.15.
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nuclear membrane part (2.39 %) nuckar umen (24.9 %)
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ruciear ervelape (5 %)
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rueleslus (992 %)

nucleoplasm part (13.9 %)

b)
Figure 15: Genesis GO pies for the GO term “nuclear part.” Gene list usatktaigeplot has
been treated with statistical threshold of 0.1 to -0.1 estimate and p-value <®C3 p#&) of gene
list with 876 GO relations and 166 genes belonging to this category b) Complete GOledr'nuc

part”
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Apoptosis

Because of the inherent chaos caused by cell impalement and influx of calcium, one of
the most surprising results was the lack of induction of apoptosis (Figure 16). Weali (ds
not identify significant differential expression of GO categories betmntp apoptosis (Figure 5)
and pathway analysis by KEGG (Figure 17) indicates no induction via p53 or other major
regulators. In fact, pathway analysis suggests a regulation of apoptesig tbward cell

survival.

Apoptosis

80

70
/ \ == nnegative regulation of
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Q . .
E 40 7 \ — regulation of apoptosis
30
/,’—-“'_—\ \ negative regulation of
20 / \\ programmed cell death
10 N positive regulation of
0 ‘ programmed cell death
30 min 60 min 120 min 240 min 24hrs
Time

Figure 16: Plot of GO terms pertaining to apoptosis. Gene list used to generate pesrhas

treated with statistical threshold of 0.2 to -0.2 estimate and p-value < 0.15.
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Figure 17: KEGG pathway map for Apoptosis at 60 minutes. Red fill indicates uptiegul

dark green fill indicates down-regulation, and light green indicateswasdéound in the KEGG
database but is neither up nor down regulated. Grey bars indicate genes are not known or not
found in the KEGG database. Gene list used to generate pathway map has lexbwitteat
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CHAPTER IV

CONCLUSION

Cellular impalement and impalefection of cells on nanofibers is a new method of
introducing genes into cells, and may have a role in regulating gene exprebsin
used as a coating for clinical implants. To determine if impalefectioftedsn transient
or permanent cell metabolic disruption, we used microarrays to identify thgeshen
gene expression at multiple time points up to 24 hours following impalement. The most
significant purpose of this study was to demonstrate that by 24 hours post-impalement,
the impaled cells have resumed a near normal gene expression pattern. Tlsis shgge
the cells have adapted to the resident nanofiber, and are in the returning to normal
metabolism. This observation is by itself remarkable, considering the chitiakic gene
expression response, and the presence of a foreign object permanentlyipgiettia
the plasma and nuclear membranes. Considering the near normal gene exprigssion i
reasonable to conclude that additional perturbations of the transcriptome lggmessr

MiRNA can be discriminated at the transcriptional level.

In addition to this accomplishment, we have identified similarities and potgntiall

novel responses related to membrane repair. However, cell impalement is athgider

different from previous membrane repair studies and further work needs to be done. As
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such, these studies provide a wealth of testable hypotheses about membraneltepair, ce
wounding responses, and novel mechanisms related to resident nanoparticles. For
example, the role of glycans, specifically heparan sulfate, as pbtadiang factor at the
plasma membrane could be tested with existing heparan sulfate antibosieghélrole

of G-protein receptors (identified largely as olfactory receptors)ra®pine signaling
pathway in response to impalement needs to be better understood. The use of sSiRNA
knockdowns of specific receptors, or families of receptors, could provide important
information about the cellular response to nanoparticle insults. One of the mostrayrpris
findings in this study was the lack of apoptosis induction. Although lack of apoptosis
may go against intuition, it is possible that the artificial conditions of nagofi

impalement are not recognized by the cell, and thus has no programmed respalhse. It w
be interesting to test whether these cells are strongly resistant torsxdtiepoptosis, or
whether they are relatively fragile and easily pushed into apoptosis.lyHietdause the

cell has recovered from impalement by 24 hours, it will be possible to test an abundance
of responses toeighboring (non-impaled) cells when impaled cells are producing
transgenes. For example, in stem-cells, secreted factors thatedgldéermination

events may be identified and perhaps even quantitated using index nanofibeagsll-ar
The use of nanofibers as a cell-regulatory coating for bioimplants could provide
previously unobtainable control of neighboring cell responses to biological impkeds

to regulated disease.
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