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rodamine conjugated pholloidin. The coverslips were then washed in 1X PBS and in
H,0, respectively. The coverslips were next mounted onto slides using PermaFluor
mounting medium. Immunofluorescence was examined by epifluorescence microscopy
using a Zeiss Axioskop 2 microscope. Images were captured using CCD color video
camera (Sony, Tokyo, Japan) and image analysis/archival software (Northern Exposure;

Empix Inc., Mississauga, ON).

4.2.3 Laser scanning confocal microscopy: Cell culture

MEFs were grown on fibronectin-coated (10 pg/mL) coverslips for laser scanning
confocal microscopy to determine co-localization of vinculin and F-actin in wild type,
TDAG51™ and TDAG51™" cells reconstituted with TDAG51 (tdko recon). As described
in section 4.2.2, coverslips were incubated with the anti-vinculin monoclonal antibody
(1:50) and phalloidin conjugated to fluorphore targeting filamentous actin (1:100). Goat
anti-mouse secondary antibody conjugated to alexa 488 (Molecular Probes, Eugene, OR)
(1:100) was used to detect vinculin binding sites. Images were collected on a Zeiss LSM
510 confocal microscope (North York, ON, CA) as described before (Hossain et al.,

2003). Images were merged to determine vinculin and F-actin co-localization.

4.2.4 Calcium phosphate transfection and retroviral infection into MEFs
293T cells (3 x 10° cells per 100 mm dish) were seeded in DMEM media (10% FBS; 1%
Glutamine solution; 1% Pen/Strep; 2% v/v of sterile 17.5 w/v glucose solution) and

calcium phosphate transfection was performed as described previously (Tang et al,
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2001). In brief, plasmids (10 pg VSV, 10 pg GP and 10 pg pBabe retroviral plasmid with
or without the open reading frame of the human TDAGS51 gene) were added to a 12 mL
falcon tube containing ddH,O (up to 500 pL) and 50 pL. of CaCl, (2.5 M). Five hundred
microliters of 2X HEBS solution (pH 7.35) was then slowly added to the solution. After
vortexing for 20 sec, the mixture was incubated at room temperature for 20-30 min and
then added drop wise to the 293T cells. Twelve hours later, fresh DMEM media was
added to the transfected 293 T cells and the cells were allowed to grow.

After forty-eight hours, medium containing viral particles was harvested and
filtered using a 10-15 mL syringe containing a 0.25-0.45 pm filter to remove cellular
debris. The media was then centrifuged at 50,000 x g for 1.5 h to pellet the viral particles.
After discarding the supematant, the pelletted viral particles were resuspended into the
desired volume of media containing polybrene (1 pg/mL). The media containing the
viral particles was then used to infect target cells, that is, C57 control and TDAG51™"
MEFs. Two hours later, fresh media was added to the infected cells. After 48 h, fresh
media was added and the infected cells were grown for 7-10 days in selection media
containing purimycin (1.5 pg/mlL). In addition, total cell lysates were collected from
these stable cell lines and were subject to immunoblot analysis as described in section

4.2.2 using an antibody against TDAGS51 to determine TDAGS51 protein expression.

4.2.5 Cell migration assays

4.2.5.1 Wounding experiments
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Wildtype C57 and TDAG51" MEFs were plated onto glass coverslips coated overnight
with 10 pg/mL fibronectin. Cells were allowed to grow to near confluence in 10% FBS
DMEM and then wounded with a 1 ml plastic pipette tip introducing a disruption into the
monolayer. After washing the cells with 1X PBS, fresh media was added to assess the
rate at which the MEFs from wild type or TDAG51” mice could migrate into the
denuded area. As described in section 4.2.2, cells were fixed in 4% paraformaldehyde,

stained for F-actin or DAPI, and imaged at the site of the wound to determine the extent

of filling at 0, 3, 8, 16 and 30 hrs.

4.2.5.2 Boyden chambers

To quantify the rate of migration, equal numbers (1x10° cells) of C57, TDAG51" or
TDAG517 MEFs were plated onto fibronectin-coated Boyden chambers. In brief, cells
were cultured in the upper chamber with 1% FBS and incubated at 37°C to allow the
cells to attach. Two hours later, DMEM media containing 10% FBS was placed in the
bottom chamber in order to initiate migration of the cells from the upper chamber.
Within 6 h, fresh media was added to maintain the concentration gradient. Following
overnight incubation, the cells were washed in 1X PBS and were fixed in 2%
paraformaldehyde for 30 min at room temperature. The cells were again washed in 1X
PBS and stained with DAPI solution for 10 min at room temperature. After removing the
cells from the upper chamber using kimwipes, the membranes facing the bottom chamber
were mounted into slides. The number of cells migrating through the membrane into the

lower side of the chamber was counted. The data represent the number of cells (stained
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by DAPI) that were counted in sampling grids from the lower side of the membrane and

are given as mean = SEM. These data were taken from 5 replicate wells for each cell

type.
4.2.6 Cell proliferation assays:
4.2.6.1 Thymidine incorporation

To examine DNA synthesis, C57 control, TDAG51"" or TDAG51” MEFs (5000 or
15000 cells per well) were seeded onto fibronectin-coated 96 well plates. Following
overnight incubation, 1 uCi of [°H]-thymidine was added to the medium of each well and
allowed to incorporate into DNA for 4 h. The cells were then placed at -80°C to block
further incorporation. After thawing the plates, the cells were harvested by transferring
them into the filter paper. The radiolabelled DNA was then quantified using a Beckman

LS 6000LL B-counter (Beckman Instruments, Fullerton, CA).

4.2.6.2 Quantitative assessment using a phosphorimager
Cell proliferation was also assessed utilizing a semi-automated system of cell counting
with ethidium bromide (ETB) based fluorescent nuclear labelling and quantification on a

Typhoon 9410 imager (Amersham) with laser excitation at 532 nm and signal collected
through a 610 nm BP30 filter. C57 wild type, TDAG51" or TDAG51” MEFs

reconstituted with TDAGS1 (tdko_recon) using the pBabe retroviral system were grown
on 24-well plates coated overnight with 10 pg/mL fibronectin. After seeding at 1x10*

cells/mL, cells were allowed to attach overnight, washed in 1X PBS and fresh medium
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(10% FBS DMEM) was added. The cells were fixed at 0, 24 or 48 hrs with 0.1%
paraformaldehyde, permeablized with 0.1% Triton-X, stained for 5 min with 5 pg/mL
ETB in PBS, washed 3X in PBS, and placed in 65% glycerol in PBS for imaging on the
Typhoon imager. Cell number was calculated by subtracting background and by
quantifying the volume intensity of ETB fluorescence using ImageQuant software
(Molecular Dynamics) as previously (Dickhout ef al., 2005). Fluorescence intensity was
fit to cell number by scaling through the ratio of fluorescence to cell number emitted
from a known number of cells.

Since active B-integrin binding to the fibronectin matrix is a critical component
of fibroblast mobility, the rat anti-mouse CD29 monoclonal antibody (B;-integrin
antibody 9EG7 clone) was also used as an inhibitory antibody to determine if the
increased rate of migration found in the TDAG517" MEFs accounted for their increased
proliferation rate. C57 wild type and TDAG51” MEFs were seeded at 1x10* cells/mL in
24-well plate coated with 10 pg/mL fibronectin. Once cells had attached to the matrix,
the medium was changed to 10% FBS DMEM with or without 1:100 dilution of integrin
B1 chain antibody clone 9EG7. Cells were fixed for ETB fluorescent quantification

procedure at times 0, 24 or 48 hrs as described previously (Dickhout et al., 2005).

4.2.7 Flow cytometry analysis
Flow cytometry was used to determine the percentage of active B-integrin binding sites
on the cell surface of C57 wild type vs TDAG51" MEFs. To measure cell surface B;-

integrin, cells were plated onto T25 flask to grow near confluency. The cells were first
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dissociated from T25 flask and were then pipetted to become single cell suspensions, that
is, to reduce cell clumping. Following addition of complete media, cells were spun down
and resuspended in 1X Hanks solution containing 2% FBS. The cells were centrifuged at
~ 200 x g and the pellet was incubated with or without rat anti-mouse CD29 monoclonal
antibody (antibody against active Pj-integrin clone 9EG7; 1:50). After 40 min of
incubation on ice, the cells were washed in 1X Hanks solution (2% FBS). The cells were
then incubated with secondary antibody (anti rat conjugated alexa 488; 1:200) against f3;-
integrin for 30 min in ice and dark. Following washing in 1X Hanks solution (2% FBS),
the cells were fixed in 1% paraformaldehyde for 30 min at room temperature. The cells
were then filtered and analyzed by flow cytometry to obtain geometric mean value.

To assess total B;-integrin, the cells were collected using cell dissociation buffer,
fixed with 1% paraformaldehyde, and permeablized with 0.025% Triton X-100. The
cells were then stained with or without rat anti-mouse CD29 monoclonal antibody (B;-
integrin antibody) as described earlier. After filtering, the cells were analyzed by flow
cytometry and the geometric mean value was obtained. The cell surface active ;-

integrin was measured by using geometric mean value and the following equation:

% cell surface active B;-integrin
= (geometric mean for cell surface active 3;-integrin / geometric mean for total

Bi-integrin) X 100%

4.2.8 Statistical analysis
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All experimental values are presented as mean + standard deviation. Comparison
between the means was performed using the unpaired student’s r-test. ANOVA was used
for multiple comparisons among the means. For all analyses, P<0.05 was considered

statistically significant.
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4.3  Results

4.3.1 Characterization of TDAGS51 protein expression in MEFs

C57 control or TDAGS51” MEFs were derived from CS7BL/6 or TDAGS51™ mice,
respectively. Western blotting indicated that there was undetectable level of TDAGS51
protein expression in TDAG51"" MEFs whereas C57 control MEFs retained TDAGS51
protein expression (Figure 50). Using pBabe retroviral vector system, overexpression or
reintroduction of TDAG51 into C57 or TDAGS517" MEFs, respectively, was achieved as
shown in purimycin selected stable cell lines expressing TDAG51 by Western blotting

(Figure 50).

4.3.2 Effect of TDAGS1 deficiency on migration and proliferation of MEFs
In earlier studies, we demonstrated that TDAGS51 promotes detachment-mediated PCD
and also co-localizes with FAC (Hossain ef al, 2003). Based on these findings, we
investigated whether the loss of TDAGS51 could affect cell adhesion, cell migration
and/or proliferation. The images obtained from wounded monolayers of wild type
control or TDAG51”" MEFs indicate that TDAG51”" MEFs show a time-dependent and
increased rate of migration into the denuded area, compared to C57 control MEFs
(Figure 51). By 30 h, TDAG51" MEFs showed a complete migration into the wounded
area under the microscope.

To support this qualitative observation, Boyden chamber experiments were
performed to obtain quantitative results. These experiments demonstrated a greater

number of TDAG517 MEFs (130 + 14.4 cells) migrating via chemotaxis from 1% FBS
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Figure 50: Re-introduction of TDAGS1 protein into TDAG517 MEFs.

MEFs derived from C57 control or TDAGS51”" mice were cultured in DMEM media.
Stable cell lines were generated as described in the experimental procedures using the
pBabe retroviral system. Following collection of cell lysates, immunoblot analysis was
performed to confirm the authenticity of the generated cell lines. In brief, total protein
lysates (40 pg/lane) were subjected to immunoblot analysis using antibodies against
TDAGS5]1 or B-actin. The figure demonstrates similar levels of TDAGS51 protein between
C57 control MEFs {untreated (U) or pBabe vector (pB) treated} and TDAG51” MEFs

{infected with the retrovirus pBabe-TDAGS51 construct (pB-TD)}.
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Figure 51: Time-dependent migration of TDAG51” MEFs following wounding

MEFs derived from wildtype (TDAG51"") or TDAG51"" mice were plated onto glass
coverslips coated overnight with 10 pg/mlL fibronectin. When the cells were near
confluence, the cell layer was wounded with a 1 mL plastic pipette tip introducing a
disruption into the monolayer. After washing the cells with 1X PBS, fresh media was
added and the cells were allowed to migrate into the denuded area. The cells were then
fixed at 0, 3, 8, 16 and 30 hrs, stained with DAPI and the image was captured at the site

of the wound.
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to 10% FBS containing DMEM than C57 control (90 + 12.7 cells) or TDAG51*" (91 +
10.3 cells) MEFs (Figure 52).

Since migration and proliferation can occur together (Carragher and Frame 2004),
the effect from the loss of TDAG51 on cell proliferation was also assessed. TDAG51™
MEFs showed a significant (P<0.05) 2 to 3-fold increase rate in [H]-thymidine
incorporation, compared to wild type C57 control or TDAG51*" MEFs after a 4 h pulse
(Figure 53). This indicates that a greater percentage of TDAG517 MEFs were actively
proliferating than C57 control or TDAG51"" MEFs. In addition, ETB based fluorescent
nuclear labelling technique as described in the experimental procedures was used to
determine if this increased rate of DNA synthesis was reflected in enhanced cell number
after a given period of time. After plating at low density (1x10* cells/mL), TDAG517-
MEFs proliferated at an exponential phase by 48 h, compared to C57 control MEFs
(Figure 54). The results demonstrate an increase DNA synthesis in TDAG51" MEFs.
Further, reintroduction of TDAGS51 gene (td_recon) into TDAG517 MEFs significantly
(P<0.05) decreased cell growth and number at 48 h, compared to TDAG51" MEFs
(Figure 54). This finding indicates a direct effect of TDAG51 gene on MEF
proliferation rate.

Changes in cell adhesion are important contributor of cell migration. Earlier
studies have reported that contact inhibition contributes to increased expression of
TDAGS51 in a mouse fetal fibroblast cell line, c3H10T1/2 (Gos ef al., 2005). We
therefore examined the morphology of plated MEFs with or without TDAGS51. Our

findings demonstrated that TDAGS51”” MEFs have different morphology and distinct cell-
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Figure 52: Loss of TDAGS1 gene increases rate of migration in MEFs.

Wildtype and TDAG51”" MEFs were grown on Boyden Chamber, as described in the
experimental procedures. The experiments demonstrated a significant increase in the
migration of TDAG51”" MEFs (130+14.4 cells), migrating via chemotaxis from 1% FBS
to 10% FBS containing DMEM, compared to wildtype control (90+12.7 cells) or
TDAG51"" (91+10.3 cells) MEFs. The result is statistically significant (P<0.05) as

shown by the asterisk.

239



PhD Thesis - G.M.S. Hossain

McMaster - Medical Sciences

Number of migratory cells

160
140
120
100
80
60
40

TDAG51+/-

TDAG51-/-

240



PhD Thesis - G.M.S. Hossain McMaster - Medical Sciences

Figure 53: Loss of TDAGS51 gene promotes MEF proliferation.

Wildtype, TDAG51"" or TDAG517 MEFs {5,000 (A) or 15,000 (B) cells per well} were
grown in 96 well plate as described in the experimental procedures. Cell lysates from
TDAGS51”" MEFs displayed a 2 to 3-fold greater beta particle emission as measured in
counts per minute (CPM) following 4 h of pulse incubation with [’H]-thymidine,
compared to wildtype C57 control or TDAG51*" MEFs. The results are statistically

significant (P<0.05) as shown by the asterisk.
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Figure 54: Loss of TDAGS51 gene increases rate of MEF proliferation.

Wildtype control or TDAG51"" MEFs were grown as described in the experimental
procedures. (A) Ethidium bromide (ETB) fluorescence obtained from C57 wildtype,
TDAG51” or TDAG51™ reconstituted with TDAGS5]1 using pBabe retroviral vector
system (tdko recon). (B) Quantification of ETB fluorescence mapped to cell number
obtained from wildtype, TDAG51” and td_recon MEFs. The data presents significantly
(P<0.05) greater cell number of TDAG51” MEFs, compared to wildtype or td_recon

MEFs at 48hrs.
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cell contacts, compared to wildtype MEFs (Figure 55). Reintroduction of TDAGS51 into

TDAG51"" MEFs normalizes the cell distribution pattern similar to wildtype MEFs.

4.3.3 Effect of TDAGSI1 deficiency on the phenotype of migratory MEFs

Using a Laser Scanning Confocal Microscope, images were captured at the site of the
wound to investigate the phenotype of migratory wildtype or TDAG51" MEFs.
Migrating TDAG51”" MEFs showed distinct filopodial and lamellipodial extensions,
compared to wildtype MEFs (Figure 56). Interestingly, re-introduction of TDAGS51 into
TDAG517" MEFs reversed the phenotype similar to that observed for migratory wildtype
MEFs. The expression of FACs in migratory cells was assessed by staining for vinculin,
a marker of FAC assembly. The status of stress fiber (F-actin) was also examined.
Confocal laser scanning microscopy showed that vinculin containing focal adhesions
appeared mainly on the leading edge of the cells adjacent to the wound (Figure 56A).
The migratory cells from TDAG51” MEFs appeared to contain more prominent vinculin
containing focal adhesions than wild type at the leading edges of the migratory cells
(Figure 56A). The migratory cells from TDAG517 MEFs also contain increased stress
fibers, compared to wildtype MEFs (Figure 56B). Reintroduction of TDAG51 into the
TDAG517 MEFs converted the phenotype back to wildtype (Figure 56A and 56B,
tdko_recon). It is possible that the greater density of vinculin containing focal adhesions
in the TDAG51” MEFs, combined with their increased interaction with F-actin

filaments, enhances cell migration in the TDAGS 17" MEFs.

245



PhD Thesis - G.M.S. Hossain McMaster - Medical Sciences

Figure 55: Morphological differences in MEFs with or without TDAGS51

Wildtype control or TDAGS51” MEFs were plated onto glass coverslips coated with 10
pg/mL fibronectin. Using pBabe retroviral vector system, TDAGS51""MEFs reconstituted
with TDAGS51 (tdko _recon) were grown as described above. Forty eight hours after
plating, the cells were washed with 1X PBS ‘and fixed with paraformaldehyde. The
image was then taken. The figure presents that the morphology of the confluent

TDAG517 MEFs is different, compared to wildtype control MEFs.
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Figure 56: Co-localization of vinculin and F-actin in migratory MEFs.

Wildtype control, TDAG517" or reconstituted TDAG51 (tdko_recon) MEFs were grown
to confluence on fibronectin-coated (10 pg/mL) coverslips. A wound in the monolayer
was caused by dragging a 1 mL pipette tip across the bottom of the plate to disrupt the
cell layer. Cells were labeled for vinculin (green) (A) and F-actin filaments (red) (B) and
imaged 3hrs after injury (direction of migration, arrows). Images were collected on a
Zeiss LSM 510 confocal microscope with 1 um optical section depth to determine the co-
localization of vinculin and F-actin (merged image C). The results demonstrate that
migratory TDAG51”" MEFs have distinct filopodial and lamellipodial extensions,

compared to wildtype or tdko _recon MEFs. Bar represents 10 um.
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4.3.4 Assessing the status of B; integrin in the MEFs’

Migratory cells are believed to express an increased number of active B integrin on the
cell surface (Carragher and Frame 2004). Binding of active [, integrin to its receptor,
fibronectin, facilitates cell adhesion and migration. We therefore investigated the
expression of active B-integrin on the cell surface of wildtype or TDAG51” MEFs. The
results demonstrated that TDAGS51"~ MEFs expressed a higher percentage of active B-
integrin on the cell surface (52%), compared to wild type C57 control MEFs (39%)
(Figure 57). Following inhibition of the active site of P;-integrin with the 9EG7
inhibitory antibody, TDAG51"~ MEFs grown on a fibronectin matrix demonstrated a

decrease in proliferation (Figure 58). This decrease in the rate of proliferation occurred
mainly in the exponential phase of cells grown at 48 h after plating from a low density.
The Bi-integrin inhibitory antibody (9EG7) had little effect on the growth of C57 wild
type MEFs. The effect of 9EG7 inhibitory antibody on TDAGS51” MEFs was to

normalize the pattern of growth to that observed for the wild type MEFs (Figure 58).

4.3.5 Examining the expression of genes that are involved in cell migration and
atherosclerosis from the loss of TDAGS1

Following isolation of mRNA from C57 wild type and TDAG51™" MEFs, we performed

affymetrix microarray analysis and compared the expression of 39,000 transcripts in wild

type and TDAG51” MEFs. Approximately, 34 genes were found to be induced at the

arbitrary cut off level of 4-fold (Table 3). Interestingly, we observed several genes

involved in cell migration and atherosclerosis that were upregulated in TDAG51”- MEFs,
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Figure 57: TDAG51”- MEFs express increased cell surface active B;-integrin.

Wild type control or TDAG517" MEFs were grown to near confluence in T25 flask as
described in the exi)erimental procedures. Following trypsinization, the cells were
stained with an antibody against active Bi-integrin (9EG7) to measure the cell surface B;.
integrin. The fluorescence was measured using flow cytometry after staining with
secondary antibody. To measure the total [j.integrin, cells were permeabilized and
stained with 9EG7 antibody. The figure from the flow cytometry analysis shows the
distribution of both cell types. Based on geometric mean analysis, TDAGS51"MEFs
demonstrate increased percentage of cell surface B;-integrin within total amount of ;-

integrin, compared to wild type MEFs.
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Figure 58: B;-integrin antibody (9EG?7) inhibits the proliferation of TDAG51™"

MEFs.

Wildtype or TDAGS51” MEFs (1x10* cells/mL) were grown as described in the
experimental procedures. (A) Ethidium bromide (ETB) fluorescence obtained from C57
wildtype and TDAG517" MEFs with or without B;-integrin antibody. (B) Quantification
of ETB fluorescence was mapped to cell number obtained from wildtype and TDAG51™
MEFs with or without B;-integrin antibody. Graph B shows the inhibitory effect on the
proliferation of MEFs from the incubation with B-integrin antibody. The results
demonstrate that the effect on proliferation is more prominent in TDAG51”- MEFs. The

result is statistically significant (P<0.05) as shown by the asterisk.
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compared to wildtype MEFs. Ones that show highest upregulation include PPAR-y (29-
fold), Bcl2 (78.7-fold), decorin (34.2-fold), astrotactin 2 (57-fold) and Claudin 1 (26-

fold).

4.3.6 Effect of fibroblast migration on wound healing ability in TDAG51" mice

Since loss of TDAGS51 promotes migration and proliferation of MEFs, we hypothesized
that TDAG51” mice enhance wound healing. Earlier studies have demonstrated that
migration of fibroblasts plays a major role in repairing wounds (McAnulty 2007).
However, the results showed that skin wound healing ability in TDAG51”" mice is less
efficient or slower, compared to C57 control mice (Figures 59 & 60). To explain this
observation, we examined whether there is any difference in the formation of FACs in
C57 control and TDAG51”™ MEFs. The protein pattern identified from the mass
spectrometry analysis of wild type MEFs was consistent with mature FACs (in
collaboration with Dr. Christopher McCulloch of University of Toronto; Table 4).
However, mass spectrometry analysis from TDAG517 MEFs revealed a more immature

FACs.

255



PhD Thesis - G.M.S. Hossain McMaster - Medical Sciences

Figure 59: Loss of TDAGS1 delays skin wound healing in mice.

Mice were generated and then skin wound healing experiment was performed with the
help of Dr. Jeff Dickhout. C57Bl/6 (n=10, 1 female and 9 males) and TDAG51”" (n=8, 5
females and 3 males) mice of 30-32-weeks old were generated at the Henderson animal
care facility.  The experiment was performed under gas inhalation anesthesia
(Isoflourane/oxygen mixture). A 1 cm incisional wound was made in the dorsum of the
mouse with standard surgical scalpel. The wound was a full thickness wound through all
layers of the dermis and epidermis and was closed with a single surgical suture and
allowed to heal for periods of 2, 8 or 11-day. Wound healing in TDAGS51-/- mice was
compared to that in C57B1/6 wild type mice by imaging the wounds through a Leica
surgical microscope on days 2, 8 and 11. Image analysis of wounded area was performed
from the resulting images with Image J software. The figure demonstrates scar formation
in normal C57Bl/6 wildtype mice versus mice lacking the gene TDAG51. Mice lacking
TDAGS1 showed delayed dorsal skin wound healing and decreased scar formation at

days 8 and 11 in comparison to control C57Bl/6 wildtype mice.
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Figure 60: Quantitative measurement of wound area in mice with or without

TDAGS]1.

C57Bl/6 (n=10, 1 female and 9 males) and TDAG51" (n=8, 5 females and 3 males) mice
of 30-32-weeks old was generated at the Henderson animal care facility. The experiment
was performed with the help of Dr. Jeff Dickhout as described in the legend of Figure 59.
Image analysis of wounded area was performed from the resulting images with Image J
software where region of wound was selected and quantified. The figure demonstrates
the quantification of total wound area in C57Bl/6 wildtype mice versus TDAGS]1 lacking
mice. Mice lacking the gene TDAGS51 showed a statistically significant increase in
wound area (p<0.05) at the 8 and 11 day time points versus normal C57Bl/6 wildtype
controls (C57). Statistical comparison was performed with student’s unpaired Two-tailed

T-test.
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Table 4: Tandem mass spectrometry analysis of MEFs.

C57 control and TDAG51”" MEFs were grown in fibroblast growth media. Type I collagen coated iron
beads were used to interact with the focal adhesion complex of TDAGS51” and C57 control MEFs.
Magnetic force was utilized to separate the beads from the cells and the proteins attached to the beads were
subjected to tandem mass spectometry analysis. Herein, the table compares the genes that were present
within focal adhesion complex of TDAGS5 17" and C57 control MEFs during mass spec.

C57 MEFs

TDAG51” MEFs

25kDA nuclear protein

Annexin A2

annexin Al

BC007171

Caldesfmon 1

cell division cycle 10 homolog

Colla2 protein (procollagen typel)

DEAD box 1

dead-box RNA helicase

DNA segment, Chr 3, ERATO Doi 194, expressed

eukaryotic translation elongation factor 1 a

fibronectin

fibulin 2

G kinase anchoring protein 1

hepatoma derived growth factor related protein 2

GPI-anchored membrane protein 1

Heterogeneous nuclear ribonucleo AQ

heterogeneous nuclear ribonucleoprotein AQ iso 2

Heterogeneous nuclear ribonucleo Al

High mobility group nucleosomal binding domain 1

High mobility group nucleosomal binding domain 2

Hist1h2bc hist1h2bc

Hmga2 histone 1; histone 2

Hnrpa3 protein Hnrpa 3 protein

Lamin A IC7

Lysy! oxidase

microtubule-associated protein 4

moesin

Myosin IC non-POU-domain-containing octamer binding protein
Nucleolin nucleolin

Nucleophosmin 1

nucleoplasmin 3

oly ADP-ribose polymerase 3

Poly A binding protein nuclear 1

Ribosomal protein L6

ribosome receptor isoform mRRp47

RNA binding motif protein 3

RNA binding motif protein 3

S100 calcium binding protein A10

Sept9 protein

serpine]l mRNA binding protein 1

similar polyadenylation specific factor 6

similar to histone, H3

small acidic protein

similar to splicing factor SRP20

Vimentin

THO complex 4
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4.4 Discussion

Vascular repair is a common mechanism in response to injuries by cardiovascular risk
factors. Acute injuries are repaired rapidly but recurrent injuries result in a chronic
inflammatory state. A number of cells, including endothelial cells, smooth muscle cells
(SMC) and fibroblasts, are involved in vascular remodelling. Migration and proliferation
of SMCs are important during transition from moderate to advanced atherosclerosis.
Although the functions of SMCs and endothelial cells are well defined during vascular
remodelling, relatively little is known regarding fibroblast migration in this process
(Haurani and Pagano 2007). Furthermore, the underlying cellular components that
induce migration and differentiation of fibroblasts as well as contribute to the
pathogenesis of vascular disease are incompletely understood.

In our earlier studies, we demonstrated that TDAG51 induces detachment-
mediated PCD and co-localizes with FAK (Hossain et al., 2003). We therefore
investigated whether the functional deficiency of TDAGS1 affects cytoskeletal
organization, cell migration and/or proliferation of MEFs. Our major findings can be
explained here. First, loss of TDAGS1 promotes migration and proliferation of MEFs in
a time-dependent manner. Second, TDAG51” migratory MEFs present distinct
filopodial and lamellipodial extensions, compared to wild type MEFs. Third, cell
proliferation is mediated in part through f;-integrin given that active B;-integrin antibody
significantly inhibits migration and proliferation in TDAG517"MEFs. Fourth, TDAG51

is also a critical molecule in cell differentiation since the deficiency of TDAGS51 impairs
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the differentiation of myofibroblasts, leading to slower dorsal skin wound healing in mice
(Dickhout and Austin; unpublished results).

Although our earlier findings have demonstrated a causal association between
TDAGS51 and atherosclerosis, we do not have any direct evidence to link cell migration
and atherosclerosis from the loss of TDAGS51. The significance of cell migration can be
explained in regard to reduced atherosclerotic lesions observed in DKO mice. It is
possible that deficiency of TDAGS51 in apoE” mice promotes migration of inflammatory
cells, such as macrophages and T-cells, from the atherosclerotic lesions, thus decreasing
inflammation and lesion progression. It can further be speculated that migratory
macrophages carrying LDL or VLDL can be taken up by the liver, contributing to fatty
liver but attenuated atherosclerosis as we have observed in DKO mice. In support of this,
Yamashita et al. (2002) reported that prevention of monocyte/macrophage infiltration
into atherogenesis by propagermanium, a  suppressor of monocyte/macrophage
infiltration, reduces atheroslcerosis in apoE'/ " mice. Furthermore, Seki et al. (2005)
reported that overexpression of PPAR-y inhibits the recruitment and migration of
macrophages and SMCs in the intima, leading to reduced intimal thickening observed in
hypercholesterolemic rabbits. In brief, regulated migration of atherogenic cells can have
significant affect on the development of atherosclerotic lesions.

Compared to macrophages, fibroblasts are rarely found in early atherosclerotic
lesions. As the lesions progress to the advanced stage, chronic inflammatory conditions
facilitate migration of fibroblasts to replace injured cells. Importantly, migratory

fibroblasts deposit components of extracellular matrix (ECM), such as collagen, into the
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intima of atherosclerotic artery to form a fibrous cap. Collagen maintains the mechanical
strength of lesions and plays a major role in the stability of atherosclerotic lesions (Shah
et al., 1995). Studies have demonstrated that myofibroblasts can be generated from three
primary sources, including adventitial fibroblasts, bone marrow-derived mesenchymal
progenitor and smooth muscle cells (SMCs) (Hinz ef al., 2007; Bellini and Mattoli 2007;
Michel et al., 2009). Adventitial fibroblasts play a critical role in response to injury since
they can migrate, proliferate and differentiate into myofibroblasts and secrete
procollagen-1 (Michel et al., 2009). In response to ballon injury, it has been reported that
myofibroblast proliferation was greater within the adventitia, leading to an increased
collagen turnover and matrix metalloproteinase expression (Strauss ef al., 1996). Studies
have demonstrated that fibrocytes, bone marrow-derived mesenchymal progenitors, can
differentiate into myofibroblasts and can migrate into the wound sites (Bucala et al.,
1994; Abe et al., 2001; Mori et al., 2005; Haudek et al., 2006). Further, recent studies
suggest that dedifferentiated smooth muscle cells can convert into potential
myofibroblasts by the observation that myofibroblasts can develop the capacity of
producing a long-lasting tension regulated at the level of Rho/Rho kinase-mediated
inhibition of myosin light chain phosphatase, compared to that observed in SMCs (Hao et
al., 2006; Tomasek et al., 2006).

Interestingly, affymatrix microarray analysis has revealed an upregulation of
atheroprotective molecule PPAR-y in the TDAG517 MEFs. Earlier studies have
demonstrated that increased expression of PPAR-y can impair differentiation of

myofibroblasts through inhibition of transforming growth factor $; (TGF-B;) signaling
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(Burgess et al., 2005). This inhibitory function of PPAR-y can potentially result in less
fibrosis and a less rigid blood vessel wall since there will be less deposition of collagen.
Although we have not observed fibrosis in DKO mice, we have demonstrated an
impaired myofibroblast differentiation in TDAGS 17" MEFs (Dickhout et al.; unpublished
results). Also, atherosclerotic vessels in humans are fundamentally different from mice
and are much more fibrotic (Wynn 2007). In mice, fibrosis allows the lesions to become
more stable due to formation of fibrous cap and the size of the necrotic core determines
whether the lesions will progress into prothrombotic state. As for human, years of
repeated injuries from risk factors cause the replacement of elastin with collagen. Rigid
and calcified blood vessels thus become prone to rupture. Herein, it is important to
mention one of our recent observation associating TDAGS1 and fibrosis. Our
preliminary findings demonstrate that TDAG51”" mice appeared to present less fibrosis
from acute lung injury, compared to C57 control mice.

Furthermore, microarray analysis demonstrated an increased expression of
decorin in the TDAG51”" MEFs. Decorin is a small ECM matrix proteoglycan that can
regulate cell proliferation and/or migration (Comalada et al., 2003; Kresse and Schonherr
2001). Decorin can also inhibit TGF-B; signaling by forming complexes, leading to an
impairment of myofibroblast differentiation (Jahanyar et al., 2007). Importantly, earlier
studies demonstrated that overexpression of decorin reduces inflammation and attenuates
atherosclerotic lesion progression in apoE” mice (Al Haj Zen et al., 2006). Since
increased decorin expression is observed in TDAG517 MEFs, it is possible that TDAG51

is a negative regulator of decorin. Increased decorin can inhibit TGF-B signalling in
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DKO mice, leading to decreased atherosclerotic lesions. However, the mechanisms by
which loss of TDAGS51 contribute to the upregulation of decorin in MEFs remains to be
explained. Collectively, fibroblast migration may not have a direct effect on the
attenuation of atherosclerosis observed in DKO mice since fibroblast migration is
believed to occur at advanced stages of atherosclerosis. Other afherogenic cells,
including monocytes, macrophages, lymphocytes and smooth muscle cells, are involved
in all stages of atherosclerosis. Therefore, recruitment, migration and differentiation of
these cells into lesions can have profound impact on the development and progression of
atherosclerotic lesions.

In addition to the athero-protective properties of TDAGS51, we speculated that
TDAGS51 may have a role in wound healing. Since loss of TDAGS51 promotes migration
of fibroblasts and differentiated myofibroblast can play a critical role in wound closure
process, it was hypothesized that dorsal skin wound in TDAG51™" mice would heal faster
than that in C57 control mice. Interestingly, in contrast to our assumption, loss of
TDAGS!1 significantly slows down skin wound healing ability in mice, compared to C57
control mice. Delayed wound healing was in part due to an impaired myofibroblast
differentiation in TDAG51”" mice. This has been supported by recent observations that
TDAG51” MEFs treated with TGF-B; did not differentiate into myofibroblasts
(Dickhout et al.; unpublished results). Following treatment with TGF-B;, TDAG51™
MEFs also demonstrate decreased SMAD2 phosphorylation. Earlier studies have shown
that activation of TGF-; differentiates fibroblasts and increases collagen synthesis

through phosphorylation of SMAD2/3 (Kuratomi et al., 2005; Brown et al., 2007).
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Furthermore, we have observed through protein profiling from mass spectrometry that
TDAG517 MEFs displayed fewer proteins assocaited with focal adhesion complexes,
compared to wild type MEFs. Earlier studies have demonstrated that mechanical force
increases myofibroblast differentiation with more mature focal adhesion complexes
(Wang et al., 2003). In support of this, migratory TDAG517 MEFs had distinct
filopodial and lamellipodial extensions, compared wildtype MEFs, suggesting that
TDAG517" fibroblasts are not attaching well to the fibronectin éoated matrix. Thus,
impaired wound healing in the TDAG51™ mice likely results from impaired adherence of
fibroblast and lack of subsequent myofibroblast differentiation. It is also possible that
normal contact inhibition is suppressed in TDAG517" MEFs, suggesting that deficiency
of TDAG51 may contribute to impaired adherence of fibroblasts. The underlying
mechanisms by which enhanced fibroblast migration reduces wound healing in TDAGS51"
" mice remains to be explained.

Taken together, loss of TDAG51 promotes the migration and proliferation of
fibroblasts through interaction between p;-integrin and fibronectin on the ECM.
Increased fibroblast migration may have a significant affect on atherosclerosis and wound
healing. However, future studies are needed to explain the in-dept mechanisms by which
loss of TDAGS51 impairs myofibroblast differentiation and thus contributes to the
pathogenesis of atherosclerosis and wound healing. Importantly, this will further allow

us to investigate whether TDAGS51 is involved in the pathogenesis of fibrosis.
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CHAPTER 5: Concluding discussion and future directions

5.1 Concluding remarks

This research project was initiated to identify gene(s) that were responsive to the
cardiovascular risk factor, homocysteine, using mRNA differential display technique. As
a result, I have identified TDAGS51 as a homocysteine-responsive gene. Further, we
demonstrated that TDAGS51 is an ER stress-induced pro-apoptotic gene in cultured
endothelial cells and is associated with the development of atherosclerosis in HHcy
(Hossain et al., 2003). Subsequently, we have established a causal association of
TDAGS51 in the development and progression of atherosclerosis given that loss of
TDAG5]1 attenuates the progression of atherosclerosis in apoE” mice fed a normal chow
diet. Although we have not established a definitive mechanism for the reduction of
lesion size in DKO mice, several mechanisms have been proposed in this thesis. First,
since TDAGS51 is a pro-apoptotic gene, it is conceivable that the deficiency of TDAGS1
may reduce apoptosis of cells relevant to atherosclerosis leading to reduced lesion size in
DKO mice. This has been demonstrated by the statistically significant reduction in
necrotic core size of the atherosclerotic lesions and the contribution of this reduction to
the overall reduction in lesion size. In support of this, Thorp et al. (2009) have recently
demonstrated reduced atherosclerotic lesion size in apoE” or LDLR™ mice lacking
CHOP, an ER-stress response pro-apoptotic gene. Second, since overexpression of

TDAGS1 promotes detachment-mediated PCD in endothelial cells, loss of TDAG51 may
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decrease endothelial dysfunction and apoptosis resulting in reduced inflammation and
lesion size in DKO mice. Third, since there is increased expression of PPAR-y in
TDAG51" MEFs, it is possible that deficiency of TDAGS51 may attenuate the
development and progression of atherosclerosis in DKO mice through a mechanism
involving PPAR-y. It has been reported that PPAR-y has both anti-atherogenic and anti-
inflammatory properties (Lehrke and Lazar 2005). Fourth, given that loss of TDAGS51
promotes cell migration and proliferation in MEFs, it is possible that there may be an
increased migration of macrophages from the lesions, thus contributing to attenuated
atherosclerosis in DKO miice.

The most significant finding of my research is that TDAGS51 is a novel gene
involved in the development and progression of atherosclerosis. The attenuation of
atherosclerosis from the loss of the pro-apoptotic gene TDAGS51 is in contrast to the
previously reported studies involving deficiency of cell cycle and pro-apoptotic genes,
including p53, Bax or Rb. Studies have implicated that the deficiency of macrophage
specific p53, Bax or Rb enhances atherosclerotic lesion development (Guevara et al.,
1999; Liu et al., 2004; Boesten et al., 2006). Loss of macrophage specific p38a MAPK
in apoE'/ " mice, however, does not affect lesion development, even though deficiency of
p38a MAPK promotes macrophage apoptosis and plaque necrosis in advanced lesions
(Seimon et al., 2009). Since p38a MAPK has both pro- and anti-apoptotic function
depending on the stimulus (DeVries-Seimon et al., 2005; Park et al., 2002; Wang et al.,
2007), it is possible that p38a MAPK plays a crucial role in suppressing ER stress-

induced macrophage apoptosis in advanced atherosclerosis. Further, p38a MAPK may
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not be a crucial molecule in regulating atherosclerotic lesion size. Interestingly, Thorp et
al. (2009) have recently demonstrated that functional deficiency of CHOP in apoE” or
LDLR” mice results in reduced atherosclerotic lesion sizes. Like TDAGS 1, studies have
demonstrated that CHOP is an ER stress-induced pro-apoptotic gene and promotes
apoptosis in cells relevant to atherosclerosis (Seimon and Tabas 2008).

The ability of TDAGS5]1 to decrease atherosclerotic lesion development may not
be solely due to its pro-apoptotic characteristics. Since reduction in necrotic core size
does not fully account for the reduction in lesion size, we have proposed involvement of
other factors for the attenuation of atherosclerotic lesion observed in DKO mice.
Additional factor(s), such as PPAR-y, may be associated with the reduction of lesion in
DKO mice, given that PPAR-y is atheroprotective and that its expression is increased in
TDAG51”" MEFs. Importantly, PPAR-y influence cholesterol efflux and our preliminary
results demonstrate an increased cholesterol efflux in TDAGS517 peritoneal macrophages
(unpublished results). Future studies, however, are essential to elucidate the underlying
mechanism(s) by which functional loss of TDAGS51 contributes to the reduction of
atherosclerotic lesions in DKO mice.

My findings further suggest that TDAGS51 can be an important target for anti-
atherogenic therapy. During the last-two decades, statins have been successful in the
management of cardiovascular disease. However, despite the use of statins as a first
order therapy against atherosclerosis, significant morbidity and mortality still occurs.
Identifying drugs and/or small molecules that suppress the expression/activity of

TDAGS51 may allow the opportunity to explore whether TDAGS1 can potentially be a
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relevant therapeutic target for the treatment of cardiovascular disease, especially clinical
complications such as myocardial infarction.

In addition to its atheroprotective properties, we demonstrated that TDAGS51 is a
critical molecule during wound healing. We observed that the dorsal skin wounds do not
close efficiently in TDAGS51” mice, compared to those in C57 mice. This delayed
wound healing in TDAG51” mice may in part be from an impaired differentiation of
myofibroblasts. Studies have shown that myofibroblasts play very important role in
wound healing, especially during contraction of wounds (Hinz et al., 2007). Further, it
has been suggested that PPAR-y mediates the differentiation of fibroblasts into
myofibroblasts through a cross talk influence of TGF-B1 signaling pathway. Our
observation that TDAGS517" MEFs have increased PPAR-y expression and have reduced
TGF-B1 mediated SMAD2 phosphorylation, may further explain the impaired
myofibroblast differentiation from the loss of TDAG51. The underlying mechanism(s),
however, remain to be explained how functional loss of TDAGS51 delays wound healing.

In this thesis, I have presented data suggesting that TDAGS51 is a novel mediator
of atherosclerosis. During the progression of atherosclerosis, migration of SMCs from
media is well documented (Ross 1999; Lusis 2000; Glass and Witztum 2001).
Subsequent proliferation of SMCs and their collagen deposition facilitates the formation
of fibrous cap. Studies have suggested that fibroblasts also migrate into the moderate or
advanced atherosclerotic lesions and differentiated into myofibroblasts that then release
ECM components to generate fibrous networks, providing lesion stability (Hinz et al.,

2007). Although we have demonstrated an association between TDAGS1 and skin
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wound healing, we have not observed fibrosis in apoE'/' or DKO mice. Interestingly, our
recent observation demonstrates that TDAGS517" mice are protective from acute lung
injury-induced fibrosis, compared to C57 mice. Herein, it is important to mention that
mice and human atherosclerosis are fundamentally different, especially at the advanced
stage. Fibrosis is believed to provide stability in mouse atherosclerotic lesions, including
apoE'/' or other atherogenic mouse models (Libby ef al., 1996; Rosenfeld er al., 2002).
However, fibrosis is more prevalent in humans and can cause blood vessels to become
more rigid as well as promoting lesion calcification. Over time, rigid and calcified
vessels become prone to rupture, thus leading to thrombosis. Collectively, our findings
demonstrate that TDAGS51 is involved in the pathogenesis of both atherosclerosis and
skin wound healing, however, future studies are required to suggest a definite

involvement of TDAGS51 with fibrosis.

5.2 Future directions

Future in vitro and in vivo studies are essential to further understand the function of
TDAGS1 and to investigate the mechanism(s) by which loss of TDAGS5!1 attenuates
atherosclerosis and impairs the wound healing process.

5.2.1 Specific objective 1: To further determine the effect from transplantation of
TDAG51” hematopoietic cells on atherosclerotic lesion development

Although loss of TDAGS51 attenuates atherosclerotic lesion development in apoE'/ " mice,
it is not understood whether this is a systemic or lesion specific effect. Bone marrow

transplantation experiments can be performed to explain whether attenuated
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atherosclerosis observed in DKO mice is due to the deficiency of TDAGSI in
hematopoietic cells, including macrophages and lymphocytes. Bone marrows from apoE’
” and DKO mice can be isolated as described earlier (Covey ef al., 2003). Irradiated ten-
week old female apoE™ mice should then be injected with fresh bone marrows isolated
from either apoE” or DKO mice of similar age. Genotype of recipients and donors
should be confirmed by PCR. By 24-36 weeks, the recipient mice should be sacrificed to
analyze the lesion size. This experiment will definitely explain us whether the
atheroprotective effect of TDAGS1 deficiency involves hematopoietic cells.

5.2.2 Specific objective 2: To examine TDAGS1 as a potential therapeutic target
for the treatment of cardiovascular disease

In this thesis, [ have demonstrated that TDAGS1 is causally associated with the
development and progression of atherosclerosis. High throughput screening approach of
biomolecules can be utilized to identify molecules that suppress the expression/activity of
TDAGS51. Insulin growth factor or PBA can be used to express increased or decreased
expression of TDAGS51 in NIH3T3 cell lines, respectively (Toyoshima et al, 2004;
Ozcan et al., 2006). Stable cell lines expressing TDAGS51 reporter construct can be
generated to examine the induction or suppression of TDAGS51 expression by the
biomolecules during high throughput screening process. Following identification of
several potential compounds, pharmacokinetics and pharmacodynamics studies can be
performed in mice to define the safety and doses of the compounds. A few of the
potential compounds can then be tested on apoE” mice to demonstrate attenuated

atherosclerosis during lesion progression. If any of the compounds are successful in
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preclinical studies, the drug(s) can be tested in clinical trials to assess the safety and
efficacy in human subjects following approval from FDA.

5.2.3 Specific objective 3: To further define the functional domain(s) of TDAGS1
that mediate apoptosis and cell migration

TDAGS51 has distinct regions within the open reading frame (ORF), including
polyglutamin (QQ) stretch, proline-glutamine (PQ)/prolin-histidine (PH) rich repeats,
pleckstrin homology (PH) domain. Studies have demonstrated that proteins with QQ, PQ
or PH repeats can act as a transcriptional regulator and/or activator, and can thus
contfribute to PCD and other cellular processes (Han et al., 1989; McNabb and Courtney,
1992; Cai et al., 1994; Li et al., 1995; Park el al., 1996). Herein, generation of a series of
mutants within ORF (as described in figure 20) will facilitate to explain the region(s) that
contribute to PCD and cell migration/proliferation. In addition, TDAGS51 also have
nuclear localization signal (NLS) and nuclear export signal (NES). Generation of
mutants by disrupting NLS or NES will further define whether TDAGS1 is a nuclear
protein shuttling between cytosol and nucleus. Importantly, it will allow us to understand
whether retention of TDAGS1 within cytosol will affect the cellular processes, such as
apoptosis and/or cell migration.

5.2.4 Specific objective 4: To examine the relationship among ER stress, TDAG51
expression, PCD and atherosclerosis

We earlier demonstrated that TDAGS51 is an ER stress-inducible pro-apoptotic gene and
its transcriptional activation is dependent on the phosphorylation of eIF2a (Hossain et al.,

2003). To further define the UPR pathways that regulate TDAGS51 expression, transient
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transfection experiments could be performed using plasmid encoding wildtype, mutant or
constitutively active forms of eIF2a. Constitutively active form of elF2a should increase
TDAGS5]1 expression and PCD. Since elF2a phosphorylation activates other ER stress-
inducible pro-apoptotic gene GADDI53, it will be interesting to see whether
overexpression of TDAGS51 promotes PCD in GADDI153" cells. These experiments
should further clarify which UPR pathways directly mediate TDAGS51 expression. In
addition, studies have shown that chemical chaperones, 4-phenyl butyric acid (PBA), can
reduce ER stress (Ozcan et al, 2006). Given that loss of TDAGS1 attenuate
atherosclerosis in apoE”™ mice, a future experiment can be designed to address whether
PBA treatment reduces TDAGS51 expression in cells relevant to atherosclerosis, leading
to the attenuation of atherosclerosis in apoE” and DKO mice.

5.2.5 Specific objective 5: To further investigate how TDAGS51 modulates the
expression of PPAR-y and its downstream targets

Using Affymatrix microarray analysis and real time PCR, we demonstrated that loss of
TDAGS5]1 induces expression of PPAR-y and several of its downstream targets in MEFs.
Further, reintroduction of TDAG51 into TDAG51”" MEFs reverses the effect on PPAR-y
expression, suggesting that TDAGS5]1 is a potential negative regulator of PPAR-y. Using
PPAR-responsive reporter assay system, transient transfection experiment can be
performed on wildtype and TDAG51” MEFs to examine the effect on PPAR-y targets in
presence or absence of PPAR-y specific agonists and antagonists. Herein, real time PCR
should allow us to reconfirm our findings in microarray analysis. To investigate whether

PPAR-y is regulated at transcriptional or translational level, co-transfection experiment
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can be performed using reporter gene linked to PPAR-y promoter together with TDAGS51
expression plasmids. If PPAR-y promoter activity is responsive from exogenous
TDAG51 in wildtype and TDAG517- MEFs, additional experiments such as DNA/protein
binding assays can be performed to identify the nature of regulation. In addition, an in
vivo experiment can be designed to address whether attenuated atherosclerosis observed
in DKO mice requires PPAR-y. Treatment of apoE” or DKO mice with PPAR-y
agonists should further reduce atherosclerotic lesion size since PPAR-y agonists activate
the expression of PPAR-y. Alternatively, PPAR-y antagonists should enhance the
atherosclerotic lesion size in apoE™ or DKO mice.

5.2.6 Specific objective 6: To examine whether TDAGS51 has role in macrophage
apoptosis, migration, or foam cell formation

To further understand about the underlying mechanisms by which atherosclerosis is
attenuated in DKO mice, a number of future in vitro experiments should focus attention
into the role of TDAGS51 in macrophages. Peritoneal macrophages from wildtype and
TDAG51" mice can be isolated and treated with the inducers of apoptosis to explain
whether loss of TDAGS51 protects or enhances apoptosis of macrophages. Further,
peritoneal macrophage migration experiments can be performed using Boyden Chamber
as described in section 4.2.5.2. Number of migratory cells from plated wildtype and
TDAG517" macrophages can then be counted and compared. This experiment should
explain whether migration of macrophages from the atherosclerotic lesions occurs in
DKO mice. In addition, since the atherosclerotic lesion size is attenuated in DKO mice,

it will be interesting to examine whether TDAG51”" mice macrophages accumulate less
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acetylated LDL and show enhanced cholesterol efflux, compared to macrophages from
C57 wildtype control mice. Macrophage foam cell formation can also be measured by
the uptake of acetylated lipoproteins by peritoneal macrophages (Brown et al., 1979).
Cholesterol loading and efflux assay can be performed as described previously (Chawla
et al.,2001).

5.2.7 Specific objective 7: To further investigate the role of TDAGS1 in wound
healing

We observed that loss of TDAGS51 delays skin wound healing process, perhaps through a
mechanism involving impaired myofibroblast differentiation.  Re-introduction of
TDAGS5!1 should therefore decrease wound healing time. Retroviral or adenoviral vectors
encoding TDAGS51 expression plasmids can be applied to the fresh skin wounds of
wildtype and TDAG517" mice. The healing process can be observed up to 12 days and
the images can then be compared. If TDAGS1 has a direct involvement with skin wound
healing, reintroduction of TDAGS1 should rectify the delay. Alternatively, high
throughput screen may allow for the identification of molecules that increase the
expression of TDAGS51. Skin wounds of wildtype mice can also be treated with some of
these molecules. If skin wound healing time is faster, this can further suggest a direct
involvement of TDAG51. Importantly, the compound(s) can further be investigated to
see whether there is a therapeutic potential for wound healing treatment, especially in the
reduction of scar formation.

5.2.8 Specific objective 8: To assess whether TDAGS51 is involved in fibrosis
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We earlier have shown that TDAGS51 is a mediator of atherosclerosis (Hossain et al.,
2003). Further, our recent findings demonstrated that loss of TDAGS1 promotes
fibroblast migration and delays skin wound healing in mice. Since fibroblast migration is
a hallmark feature during skin wound healing and fibrosis, we speculate that TDAG51
may have role in fibrosis. To address this issue, bleomycin-induced pulmonary fibrosis
can be introduced in wildtype and TDAG51” mice as described earlier (Hattori ef al.,
2000). If TDAGS]1 deficiency decreases fibrosis, we would expect a reduced pulmonary
fibrosis in TDAG51™ mice, compared to wildtype mice. In addition, it can be examined
whether exogenous TDAGS51 accelerates the healing within injured area of lung in
wildtype mice following infection with retroviral expression plasmids encoding TDAGS51
ORF. To further test the association between TDAGS51 and fibrosis, wildtype and
TDAG51” mice can be treated with PPAR-y agonist such as rosiglitazone. Since studies
have shown that rosiglitazone abrogates pulmonary fibrosis (Burgess et al., 2005; Wu et
al., 2009), these experiments should demonstrate whether TDAGS5]1 is associated with the

pathogenesis of fibrosis.
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