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Abstract Aminopeptidase N (APN)/CD13 is a widely
expressed transmembrane ectoenzyme and has been
implicated in a myriad of physiological processes that are
specific to cell type and tissue origin, including cancer cell
metastasis, angiogenesis, cholesterol uptake, apoptosis, and
cell migration. Skin cells, in particular fibroblasts have a
relatively high level of APN/CDI3 expression. The
migratory capacity of skin cells is critical for the outcome
of wound repair, as successful wound healing requires
timely re-epithelialization which involves reformation of
epithelium over wound surface by migrating keratinocytes.
While failure of keratinocytes to undergo proper migration
leads to chronic non-healing wounds, the presence of
excess fibroblasts may contribute to formation of hyper-
trophic scars and keloids. The aim of this study was to
investigate the role of APN/CD13 in skin cell migration
and explore its potential as a therapeutic target in wound
healing. Our results show an elevated expression of APN/
CD13 in fibroblasts on the edge of the wound compared to
unwounded cells. The presence of anti-APN/CDI13 anti-
bodies WM15, 3D8, and H300 reduces the migratory
activity of human dermal fibroblasts in a dose-dependent
manner by 42, 21, and 28%, respectively. However, the
antibodies have no effect on keratinocyte migration. Fur-
ther, none of the anti-APN/CD13 antibodies used in this
study has any antiproliferative and cytotoxic effect on
primary human keratinocytes or fibroblasts when used at
10 pg/ml in vitro. The differential inhibition on the
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migratory capacity of fibroblasts and keratinocytes presents
an opportunity for anti-APN/CD13 antibodies to be used as
a therapeutic agent for high fibroblast cellularity seen in
fibroproliferative disorders.
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Introduction

Wound closure requires concerted efforts of fibroblasts and
keratinocytes. Following the inflammatory phase, basal
keratinocytes at the wound edge begin migrating as a sheet
to cover the wound surface - a process referred to as
“re-epithelialization” [1]. While keratinocytes migrate and
divide to generate a protective layer for the dermis, resident
dermal fibroblasts from the deep layers of the reticular
dermis and the hypodermis, as well as fibroblasts differ-
entiating from bone marrow-derived mesenchymal stem
cells in the circulation enter the wound, and synthesize
extracellular matrix components needed for structural
repair [2, 3]. Clinically, defects in keratinocyte migration
are associated with chronic non-healing wounds, while the
presence of excess fibroblasts in the wound seems to
contribute to hypertrophic scar formation [4, 5].
Aminopeptidase N (APN, also known as APN/CD13;
EC.3.4.11.2) is a heavily glycosylated transmembrane
peptidase [6] that also serves as a receptor for coronavi-
ruses such as the transmissible gastroenteritis virus and
human coronavirus 229E [7, 8]. It is ubiquitously expressed
in endothelial cells, monocytes, macrophages, dendritic
cells, neutrophils, fibroblasts, fibroblast-like cells such as
synoviocytes, epithelial cells, and synaptic membranes and
pericytes [9-14]. With dual roles as a peptide-cleaving
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enzyme and a cell surface receptor, APN/CD13 performs a
myriad of functions in tumor cell invasion, proliferation/
apoptosis, differentiation, antigen presentation, and viral
infection [15]. However, due to the short intracellular
domain lacking obvious signaling motifs [16], APN/CD13
was not regarded as a signal mediator until recently [17].
Since then, the functionality of APN/CD13 has expanded
to adhesion, angiogenesis, and monocyte signaling [18-
20]. For instance, Wulfaenger et al. associated the
expression of enzymatically active wild-type APN/CD13
with diminished cell proliferation, migration and invasion
in embryonic kidney cells [21]. Meanwhile, Pasqualini
et al. demonstrated that APN/CD13 peptidase activity is
necessary for endothelial invasion [17]. The broad func-
tionality and wide-ranging expression pattern suggest that
the function of this transmembrane peptidase may very
well depend on the cell type and tissue origin.

A recent study showed that the APN/CDI13 protein
expression in fibroblasts is three times as high as that of
keratinocytes [22]. Although the exact role of APN/CD13
in skin disease remains to be elucidated, its preferential
expression in fibroblasts and its implication in tumor cell
invasion make targeting APN/CDI13 of potential value
[23-26]. Considering the fact that cell migration is critical
for the wound healing process, the present study investi-
gated whether APN/CD13 plays a role in the cell migration
of fibroblasts and keratinocytes, and examined the potential
of APN/CD13-specific antibodies as a therapeutic agent for
high cellularity seen in fibroproliferative disorders such as
hypertrophic scarring.

Methods and materials
Cell culture

Skin punch biopsies were obtained with informed consent
from patients undergoing elective surgery under local
anesthesia. Written informed consent was obtained from
each participant, and the study was approved by the Uni-
versity of British Columbia Hospital Human Ethics Com-
mittee and conducted according to the Declaration of
Helsinki Principles. The detailed protocol of harvesting
fibroblasts and keratinocytes from skin is described previ-
ously in [25]. Fibroblasts were grown in DMEM with 10%
FBS and keratinocytes in KSFM (Invitrogen Life Technol-
ogies, Carlsbad, CA) supplemented with bovine pituitary
extract (50 pg/ml) and epidermal growth factor (0.2 pg/ml).

In vitro wound scratch assay

For wound scratch assay, primary human fibroblasts or
keratinocytes of passages 3-5 were seeded on 12-well
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plates in 10% FBS/DMEM or KSFM supplemented with
bovine pituitary extract (50 pg/ml) and epidermal growth
factor (0.2 pg/ml), respectively. At 95% confluency, the
cells were washed with PBS twice and a scratch wound
was made across each well with a 200-pl pipette tip. The
cells were treated with anti-APN/CD13 antibodies, WM15,
3D8, and H300 (10 pg/ml each; Santa Cruz Biotechnology,
Santa Cruz, CA) in serum-free DMEM and incubated at
37°C. Photographs were taken immediately, 12, and 24 h
after treatment. Similarly, keratinocytes were treated with
the respective antibodies in KSFM, and photographs were
taken immediately and 48 h after treatment. Photographs
were taken using a Zeiss HB-100 fluorescence microscope
and analyzed using Northern Eclipse image analysis
software (Carl Zeiss Canada, Toronto, ON).

Enzymatic assay

The quantitative assay for APN/CD13 on cultured human
dermal fibroblasts was performed according to the pre-
viously published method [27]. In brief, the assay
was performed in triplicate using Ala-4 nitroanilide (Ala-
pNA, Sigma-Aldrich, Oakville, ON, Canada) in phos-
phate buffer pH 7.4 as chromogenic substrate. Cells were
incubated with equal amounts of various CD13-specific
antibodies 30 min prior to the assay. Ala-pNA (100 pl)
was added in a concentration of 5 mM to 1 x 10° cells.
Reactions were stopped by adding 900 pl acetate buffer
(1.0 M, pH 4.4) after 60 min of incubation at 37°C.
After centrifugation (2 min at 10,000x g), the absorbance
of the supernatant was detected spectrophotometrically at
405 nm.

Cell proliferation assay

Cells were seeded on clear 96-well plates at a density of
1 x 10* cells/well. After 24 h, the culture medium was
replaced by fresh medium (serum-free DMEM for fibro-
blasts and KSFM for keratinocytes). Antibodies 3DS§,
WMI15, and H300 were added to the cells individually
(10 pg/ml each), and the cells were incubated at 37°C for
2 days (fibroblasts) or 5 days (keratinocytes) in a 5% CO,
atmosphere. In untreated control cells, no antibody was
added. Cell proliferation was evaluated using the MTT cell
proliferation assay. Briefly, cells were rinsed twice with
PBS and 100 pl of 4 mg/ml thiazolyl blue terzolium bro-
mide (Sigma-Aldrich, Oakville, Ontario, Canada) was
added to each well. After 5 h incubation, the blue crystal
was solubilized by adding 200 pl of DMSO, and the
absorbance was measured at 570 nm on a BioTek
Microplate Spectrophotometer (BioTek Instruments, Inc.,
Winooski, VT).
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Live/dead viability/cytotoxicity assay

The cell viability of dermal fibroblasts and keratinocytes
after antibody treatment was examined using the live/dead
viability/cytotoxicity kit for mammalian cells according to
the manufacturer’s instructions (Invitrogen Life Technol-
ogies, Carlsbad, CA). Live cells appear green as a result of
the intracellular hydrolysis that converts the non-fluores-
cent calcein AM (acetoxymethyl ester) to green fluorescent
calcein. Dead cells yield red fluorescence as a result of the
permeation of ethidium homodimer-1 into the compro-
mised membranes of dead cells.

Immunohistochemistry

Following a scratch assay described above, cultured
fibroblasts were fixed with 4% paraformaldehyde (PFA) for
30 min on ice, and blocked with TBS containing 5% goat
serum and 1% goat albumin (Sigma-Aldrich, Oakville,
Ontario, Canada). APN and vinculin were detected using
1:250 rabbit anti-APN (Santa Cruz Biotechnology, Santa
Cruz, CA) and 1:100 mouse anti-vinculin antibodies
(Sigma-Aldrich, Oakville, Ontario, Canada) followed by
1:4,000 Rhodamine-conjugated goat anti-rabbit (Millipore,
Billerica, MA) and 1:4,000 Alexa 488-conjugated goat

CONTROL

Fig. 1 Evaluation of the effect a
of anti-APN/CD13 antibodies
on fibroblast migration.

a Images of human fibroblasts
taken immediately, 12 and 24 h
after addition of anti-APN/
CD13 antibodies 3D8, WM15
and H300 (10 pg/ml) in an in
vitro wound scratch assay. Scale
bar: 10 um, b Reduction of
fibroblast migration in the
presence of the anti-APN/CD13
antibodies. Fibroblast migration
was evaluated by counting the
number of cells migrated from
the edges of the wound into the
denuded area after the 12- and
24-h treatment, and expressed as
the percentage of cells present
in the open wound area relative
to that of the control well at the
end of the 24-h incubation b
(n=6,* P <0.01),

¢ Enzymatic assay of

endogenous APN/CD13 in

human fibroblasts after

treatment with the various APN/

CD13-specific antibodies

(10 pg/ml; n = 6, * P < 0.02) 20

anti-mouse IgG (Invitrogen, Eugene, OR), respectively.
Samples were mounted in ProLong Gold antiface reagent
with DAPI (Invitrogen, Eugene, OR) and examined by a
Zeiss Axioplan-2 fluorescent microscope and Northern
Eclipse image analysis software (Carl Zeiss Canada,
Toronto, ON).

Statistical analysis

Data were expressed as mean = SD and the #-test was used
to compare the mean values between different treatments.
P values <0.02 were considered statistically significant in
this study.

Results

To examine the role of APN/CD13 in fibroblast migration,
primary human fibroblasts were treated with anti-APN/
CD13 antibodies with differential enzyme-inhibiting
activities [28] in an in vitro wound healing assay. Images
of cells were taken at 0, 12, and 24 h post-treatment
(Fig. 1a). The total number of cells in the untreated (con-
trol) and antibody-treated wells that have migrated into the
open wound area by the end of the 12- and 24-h incubation
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was recorded. Cell migration was evaluated as the per-
centage of cells present in the open wound area of the
treated wells relative to the control well at the end of the
24-h incubation. There was no significant difference
between treatment and control at 12 h post-scratch. How-
ever, at the end of the 24-h incubation when the control
wound has closed, the WM15-treated cells showed a 42%
reduction in migratory activity relative to the control,
whereas the 3D8 and H300 antibodies slowed down cell
migration by 21 and 28%, respectively (Fig. 1b). To
examine whether the differential effect of the antibodies on
cell migration inhibition is related to their ability to inhibit
the enzymatic activity of endogenous APN/CD13, human
dermal fibroblasts treated with the same concentrations of
antibodies used in the scratch assay, and the enzymatic
activity was measured using a chromogenic substrate, Ala-
4 nitroanilide. As shown in Fig. 1c, 3D8, WM15, and H300
reduced the endogenous APN/CD13 enzymatic activity by
36, 76, and 9%, respectively.

The inhibitory effect of WMI15 was further examined
with different doses of the antibody. As shown in Fig. 2,
WMIS5 inhibits fibroblast migration into the wound in a
dose-dependent manner. Specifically, the percent inhibition
of fibroblast migration as a result of adding 1.0, 5.0, and
10.0 pg/ml of WMIS5 was 18, 34, and 48%, respectively.

Fig. 2 Dose-dependent
inhibitory effect of the WM15
antibody on fibroblast
migration. a Photos of human
fibroblasts were taken
immediately, 12 and 24 h after
addition of different doses of the
WMI15 antibody. The in vitro
wound scratch assay was
performed as described in
Methods and materials. Scale
bar: 10 um, b Dose-dependent
inhibitory effect of WM15 on
fibroblast migration. Fibroblast
migration was evaluated by
counting the number of cells
migrated from the edges of the
wound into the denuded area
after the 12- and 24-h treatment,
and expressed as the percentage
of cells present in the open

CONTROL
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Although effective inhibition of fibroblast migration is a
critical aspect in preventing hypertrophic scar formation, a
similar effect in keratinocytes may lead to failure of wound
closure. For this reason, the influence of anti-APN/CD13
antibodies on keratinocyte migration was also examined. A
monolayer of confluent human keratinocytes was similarly
scratched as described above, and cell migratory activity
was observed up to 48 h at which time the control scratch
closed. As shown in Fig. 3a, keratinocyte migration
appeared to be little affected by the antibodies even after
48 h. Few keratinocytes have moved by the 24-h time point
(data not shown) as there is generally a time lag in kerat-
inocyte migration after wounding, which correlates with
the reported optimal time (24-48 h) for keratinocyte
movement [29]. Figure 3b shows that the percent inhibition
of keratinocyte migration by 3D8, WM15, and H300 was 4,
1, and 11%, respectively, which are not significantly dif-
ferent from that of the control.

To ensure that the inhibitory effect on fibroblast
migration was not due to cell growth retardation, an MTT
assay was performed to study whether the antibodies have
any effect on cell proliferation. After exposing confluent
cell cultures of fibroblasts to individual antibodies for a
period of 48 h, cell proliferation was measured in terms of
the fluorescence intensity in each sample. The result

1 pg/ml 5 pg/mi 10 pg/ml
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Fig. 3 Evaluation of the effect CONTROL
of anti-APN/CD13 antibodies
on keratinocyte migration.

a Images of human
keratinocytes were taken
immediately and 48 h after
addition of the 3D8, WMI15 and
H300 antibodies (10 pg/ml
each) in an in vitro wound
scratch assay. Scale bar: 10 pm,
b Keratinocyte migration was
not affected by antibody
addition. Keratinocyte
migration was evaluated by
counting the number of cells
migrated from the edges of the
wound into the denuded area
after the 48-h treatment, and
expressed as the percentage of
cells present in the open wound
area relative to that of the
control well at the end of the
48-h incubation (n = 5,

* P <0.01)
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showed that the antibodies had no anti-proliferative effect
on fibroblasts, as the proliferation relative to control cells
was 99, 99, and 98% in the presence of 3D8, WM15, and
H300, respectively (Fig. 4a, left).

As any negative effect on cell proliferation may impair
the outcome of wound healing, an MTT assay was simi-
larly performed on keratinocytes to examine the effect on
keratinocyte proliferation. In consideration of the fact that
keratinocytes require more time to cover the wound surface
in the in vitro scratch assay, we have extended the period of
antibody exposure to 5 days in keratinocyte MTT assay.
The cell proliferation was 95, 95, 94% in the presence of
3D8, WM1S5, and H300, respectively, indicating a subtle
effect on keratinocyte proliferation (Fig. 4a, right). How-
ever, this reduction was not significantly different from that
of the control.

To ensure the safety of these antibodies as a therapeutic
agent, a cytotoxicity/cell viability assay was performed.
The assay utilizes two reagents, calcein AM and ethidium
homdimer-1, for labeling live and dead cells, respectively.
Calcein AM is an esterase substrate hydrolyzed intracel-
lularly to calcein, showing live cells in green. Ethidium
homdimer-1 is a red fluorescent nucleic acid stain capable
of permeating only the compromised membranes of dead
cells which are shown in red. The photos presented in
Fig. 4b are superimposed images of the live and dead cells
in fibroblast (upper panels) and keratinocyte cultures
(lower panels). Fibroblasts were incubated with the anti-
bodies for 2 days prior to cytotoxicity assay, while kerat-
inocytes were exposed to the antibodies for a longer period
(5 days). Live and dead cells were counted visually, and

Control 3D8

WM15 H300

WM15  H300

the percentage of live cells was calculated and converted
into percent cell viability by taking the percentage of live
cells in the control sample as 100%. The antibodies pro-
duced a negligible cytotoxic effect on fibroblasts, with less
than 1% reduction in cell number for all three antibodies
(Fig. 4c, left). Although the difference was not significant,
the 3D8 antibody seemed to have a more pronounced
cytotoxic effect on keratinocytes, causing 10% reduction in
cell viability compared to the control, while the effect was
only slightly stronger with WM15 and H300, reducing the
cell number by 2 and 3%, respectively (Fig. 4c, right).
The APN/CDI13 protein expression during fibroblast
cell migration was examined using independent in vitro
models. As shown in Fig. 5a, fibroblasts were seeded at
different cell densities ranging from 5.0 x 10* to
4.0 x 10° cells per cm?, and cultured under normal con-
ditions for 24 h prior to lysis. A density-dependent protein
expression was observed following immunoblotting anal-
ysis. The APN/CD13 expression peaked at 1.0 x 10° cell/
cm? where cells are most likely in the proliferative and
migratory phase of growth. This expression quickly
diminished as fibroblasts reached confluency at higher
cell densities. In addition, we analyzed the APN/CDI13
expression in a fibroblast migration assay (scratch assay),
where a confluent monolayer at its maximal density was
“wounded” by removing several wide bands of cells in
both X and Y dimensions. Migration of fibroblasts into the
open wound area occurred within 24 h before the cells
were lysed for SDS-PAGE and Western blot analysis.
When compared to uninjured cells, cell populations of
migratory fibroblasts displayed a 20% higher expression of
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Fig. 4 Evaluation of the effect a 100 100
of anti-APN/CD13 antibodies - =
3D8, WMI5 and H300 on the 280 o 80
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respectively. a Determination of e X o
cell proliferation by MTT assay, =0 O o NN W N .
b Assessment of cell viability Control 3D8 WM15 H300 Control 3D8 WM15 H300
by live/dead viability/
cytotoxicity assay. Fluorescent
images of fibroblasts (upper b CONTROL 3D8 WM15 H300
panels) and keratinocytes . . .
(lower panels) were taken at the
end of the indicated incubation
periods. Scale bar: 10 pm
Higher magnification images
are shown in the square boxes
(x40). The viable and non- . . . .
viable cells are shown in green
and red, respectively, with the
nuclei of the cells stained with
DAPI (blue), ¢ Cell viability is
represented by the percentage of =
viable cells in the total cell C —1o0r S 1001
population g >
2 98 e 80
5 96 'E 60
= 94+ 40+
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the APN/CD13 protein (Fig. 5b). Further, expression of the
APN/CDI13 protein on individual migratory cells was
examined. A scratch wound was made across a confluent
monolayer of dermal fibroblasts, and vinculin expression
was used as an indicator of cells in motion. As shown in the
upper panels of Fig. 5¢c, APN/CD13 expression was highest
in the actively migrating cells within the denuded wound
area, and lowest in the stationary cells distant from the
wound scratch. As shown in the merged image, staining the
same cell population with an anti-vinculin antibody con-
firmed significant overlap in the expression of APN/CD13
and vinculin. Higher magnification images are shown in the
lower panels of Fig. 5c.

Discussion

The concept of inhibiting cell migration by reducing APN/
CD13 expression or activity through use of siRNA,
chemical inhibitors or neutralizing antibodies has proven to
be successful in tumor cells such as ovarian carcinoma
cells [30], and in lymphocytes and endothelial cells [31].
For instance, Mina-Osorio et al. utilized anti-APN/CD13
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antibodies to induce adhesion of monocytes and endothe-
lial cells [20]. In this study, we took advantage of the
preferential expression of APN/CDI13 in fibroblasts, and
proved for the first time that the APN/CD13-neutralizing
antibody WMI15 can be used to effectively reduce the
migration of fibroblasts into an open scratch wound without
slowing down keratinocyte movement. Similarly to the
previous finding using human lung cancer cells [24], the
inhibitory effect of the antibodies on cell migration is only
partly due to the suppression of APN/CDI13 enzymatic
activity as shown by the enzymatic assay results. The most
potent cell migration-inhibiting WM15 antibody is also the
most effective enzymatic inhibitor. The other two anti-
bodies 3D8 and H300 have similar effects on cell migration
inhibition (21 vs. 28%) but suppress the enzymatic activity
differently (35 vs. 15%), indicating that the observed cell
migration-inhibitory effect is not entirely dependent on the
enzymatic activity of APN/CD13. One possible reason is
the differential binding avidity of 3D8 and H300 (mono-
clonal vs. polyclonal). Importantly, fibroblasts and kerati-
nocytes were both able to maintain a healthy state even
after days of exposure to WM15, preparing the antibody in
a better position for in vivo clinical use which may require
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Fig. 5 Fibroblast cell density and APN/CD13 expression. a Cells
seeded overnight at increasing density (50, 100, 200, 400 x 10? cells)
were analyzed for APN/CD13 protein expression by Western blotting,
b An equal number of scratch wounds were made in X and Y
directions on a confluent monolayer of dermal fibroblasts.
“Unwounded” confluent cells were used as control. Cell lysate was
obtained following overnight incubation and analyzed for APN/CD13
protein expression by Western blotting. ff-actin expression was used

longer exposure to be effective. With the use of activity
inhibitors, actinonin, bestatin, and PAQ-22, Thielitz et al.
reported a direct correlation between enzyme activity and
cell proliferation in HaCaT cells, but did not observe any
antiproliferative effect by WM15 [32]. This reconfirmed
our finding that neither fibroblast nor keratinocyte prolif-
eration was affected by the presence of WMIS5. Thus,
WMI15 which has an effective dosage of as low as 1.0 pg/
ml in vitro is unlikely to reduce the viability of fibroblasts
and keratinocytes or impair normal wound healing.

While keratinocyte migration is known to involve for-
mation of lamellipodia, loss of contact with hemidesmo-
somes and desmosomes, changes in keratin phenotype and
redistribution of the actin cytoskeleton into lamellipodia
[33, 34], the molecular mechanism and cellular events
undertaken by migrating fibroblasts are poorly understood.
Nevertheless, fibroblasts and keratinocytes are most likely
to adopt distinctive regulatory mechanisms in cell migra-
tion due to differences in their external environments and
surrounding cells. Thus, in order to understand why the
APN/CD13-neutralizing antibody WMI1S5 affects the
migratory capacity of fibroblasts but not that of keratino-
cytes, more work on the mechanistic details involved in

o i i

197
200 400 b  CONTROL WOUND
- CD13 . —
B-actin c———
Vinculin Merged

as a loading control in both panels, ¢ A scratch wound was made
across a confluent monolayer of primary human fibroblasts, and the
cells were stained with an anti-vinculin antibody and an anti-CD13
antibody, followed by Alexa 488 and Rhodamine secondary antibod-
ies, respectively. The dotted line in the upper panels (x 10; Scale bar:
10 pm) shows the border of the scratch. Higher magnification (x40;
Scale bar: 80 pm) images are shown in the lower panels

fibroblast migration will be needed. Meanwhile, a plausible
rationale suggests that the differential effect might be due
to enhanced antibody responsiveness in fibroblasts which
have higher levels of APN/CD13 expression and activity
than keratinocytes.

The density-dependent expression pattern of APN/CD13
indicated the highest protein expression at 1.0 x 10° cell/
cmz, which allows fibroblasts to achieve an optimal cell-
cell contact for migration, thus requiring higher expression
of APN/CD13. Kehlen and colleagues [35, 36] have shown
that direct cell—cell contact of lymphocytes with fibroblast-
like synoviocytes resulted in an increase in APN/CD13
mRNA and cell surface protein in the lymphocytes. In that
regard, fibroblasts seeded at a lower cell density
(5.0 x 10* cell/cm?) expressed less APN/CDI13 possibly
due to lack of cell-cell contact, while the limited space at
higher cell densities (5.0 x 10° and 1.0 x 10° cell/cm?)
prevented cell movement by contact inhibition. Further,
immunohistochemical staining of cells migrating into an
artificially created scratch wound showed that compared to
stationary cells, actively migrating cells as indicated by
vinculin expression [37, 38] were expressing significantly
more APN/CD13. This observation further supports our
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findings on the significant role of APN/CD13 in fibroblast
motility.

In general, pathological skin conditions such as hyper-
trophic scars or keloids have high cellularity and vessel
density [39], and remain in that condition well into the
remodeling phase. In normal wound healing, timely apop-
tosis significantly reduced tissue cellularity and blood sup-
ply in early remodeling phase. We believe anti-CD13
antibodies can play a key therapeutic role in reducing wound
cellularity by inhibiting fibroblast migration into the wound
as well as in reversing high vascularity by blocking migra-
tion of endothelial cells [40]. In conclusion, APN/CD13-
specific antibodies may be used as a therapeutic agent for
normalizing fibroblast cellularity and vessel density which
are elevated in many fibroproliferative disorders.
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