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Abstract
The nasal epithelium is the initial contact between the external environment and the respiratory tract and how it responds to
noxious stimuli and repairs epithelial damage is important. Growing airway epithelial cells in culture at air-liquid interface
allows for a physiologically relevant model of the human upper airways. The aim of the present study was to characterize
human primary nasal epithelial cells grown at the air-liquid interface and establish a model for use in wound healing assays.
This study determined the time required for full differentiation of nasal epithelial cells in an air-liquid interface culture to be
at least 7 weeks using the standardized B-ALI media. Also, a model was established that studied the response to wounding
and the effect of EGFR inhibition on this process. Nasal epithelial cultures from healthy subjects were differentiated at air-
liquid interface and manually wounded. Wounds were monitored over time to complete closure using a time lapse imaging
microscope with cultures identified to have a rate of wound healing above 2.5%/h independent of initial wound size. EGFR
inhibition caused the rate of wound healing to drop a significant 4.6%/h with there being no closure of the wound after 48 h.
The robust model established in this study will be essential for studying factors influencing wound healing, including host
disease status and environmental exposures in the future.

Introduction

The airway epithelium provides the first line of innate
immune protection that includes anti-oxidant defence and
orchestrating an inflammatory response against respiratory
viruses and bacteria [1]. It also plays important roles in
modulation of adaptive immunity, mucociliary clearance,
with production of antimicrobial peptides and proteins,
reactive oxygen species and release of cytokines, chemo-
kines, and growth factors [2, 3]. A critical role for the
epithelium in maintaining homeostasis is the ability to
provide a physical barrier protecting against invading
microorganisms and noxious stimuli. An important part of
this barrier function is the formation of tight junctions and
the ability to repair epithelial injury rapidly.

Previous studies using a monolayer of cultured epithelial
cells harvested from both nasal and bronchial sites have
demonstrated important aspects of wound healing from
migration and proliferation of basal epithelial cells [4, 5].
However, submerged monolayer cultures lack many fea-
tures of the normal epithelium such as mucociliary differ-
entiation [6]. Growing epithelial cells at the air-liquid
interface (ALI) allows for differentiation into a pseudos-
tratified epithelium with basal cells, cilia projecting from the
apical surface, and goblet cells producing mucus [7, 8].
Many studies confirm ALI as a physiologically relevant
platform for studying epithelial function and mechanisms
associated with respiratory diseases and represents an
excellent and more realistic model for airway epithelial
function experiments [9–15]. Differentiation of nasal epi-
thelial cells at ALI takes at least 21 days after “lift” as
recommended by the media manufactures [16] but much
conjecture about this differentiation period exists in the
literature. Studies have used ALI cultures from as early as
14 days for human rhinovirus infections [17] with cells
harvested from the trachea and nose, to as late as 42 days to
see mucus production [17] and cilia beat frequency from
nasal cells [18]. These studies harvested bronchial epithelial
cells from the trachea whereas this study proposes to use
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epithelial cells harvested from the nasal cavity. Ong et al.
[19] has already reported that nasal epithelial cells take
longer to differentiate (7 weeks) than bronchial epithelial
cells (3 weeks) and explains the wide differences seen in
time it takes to form a pseudostratified epithelial culture at
ALI.

Mechanisms underlying epithelial growth and repair
have been studied in submerged monolayer culture [20, 21]
but not yet in ALI cultures. Epidermal growth factor (EFG),
signalling through the epidermal growth factor receptor
(EGFR), regulates cell division and death but also normal
differentiation, mucus production and mediates repair in
epithelial cells [22, 23]. Normal function through the
receptor allows for activation of the MAPK and PI3K
pathways that are essential in cell proliferation and cell
survival. Erlotinib, an inhibitor of EGFR, binds to the tyr-
osine kinase domain instead of ATP causing a reduction in
cell proliferation and cell survival [24]. Data are lacking of
the effect of EGFR on epithelial cells grown in ALI culture.

The nasal epithelium represents the point of first contact
between the external environment and the respiratory tract.
As such, how the nasal epithelium respond to noxious sti-
muli and repairs epithelial damage is important. The aim of
the present study was to characterize human primary nasal
epithelial cells, grown at the ALI, for use in wound healing
assays. We determined the time required for full differ-
entiation of the epithelium, developed methods for studying
the response to wounding and the effect of EGFR inhibition
on this process.

Materials and methods

Primary human nasal epithelial cells were collected from 18
adult non-atopic healthy adult subjects aged 18–55 years
old. From these 18, only 13 were successful in ALI culture
with three used for determination of full differentiation
experiments and ten for the wound healing assay. Cells
were isolated from the epithelial layer lining the nasal cavity
by scraping the anterior surface of the inferior turbinate
using a purpose designed curette (ASI Rhino-Pro, Arlington
Scientific, USA) [25]. The project was approved by the
human research ethics committees of Children’s Health
Queensland (2011000058) and of The University of
Queensland (2017000520). All volunteers gave written
consent for the study.

Cell culture

Cells were grown in submerged culture for 3 weeks until
they reached passage 2, harvested and cryopreserved for
later use. When required, cells were thawed and seeded
(25,000 cells/insert) on collagen coated Transwell

permeable polyester membrane inserts with a 0.4 μm pore
size in 24 well plates (Corning Costar, Cambridge, MA,
USA) and grown in Bronchial Epithelial Cell Growth
Medium (BEGM, Lonza). After approximately three days
of cell division the cells are “lifted” with media removed
from the apical chamber and media in the basal chamber
replaced with B-ALI™ Bronchial Air Liquid Interface
BulletKit™ (B-ALI, Lonza) [26]. Cells were maintained for
at least 3 weeks until a pseudostratified epithelium with a
high transepithelial electrical resistance (TEER) was estab-
lished. A successful ALI culture contains basal cells, tight
junctions, goblet cells, and ciliated epithelial cells in which
the cilia are seen to be beating. Cilia were observed under
light microscope and detected by their movement.

Transepithelial electrical resistance

The TEER value was measured using the EVOM2 machine
(World Precision Instruments). TEER was measured before
the start of each experiment and at each time point before
sample collection and change of media. TEER was calcu-
lated by subtracting the resistance of a blank insert then
using the formula as follows to correct for the surface area
of the insert:

Ω:cm2 ¼ Ω OHMSð Þ � Transwell area insert ð0:33 cm2Þ

Time to full differentiation

ALI cultures were maintained using B-ALI media, with
hydrocortisone, for a period of 7 weeks with TEER values
recorded at 3, 5, and 7 weeks. Wells were harvested at each
time point for immunofluorescence staining and confocal
imaging.

Immunofluorescence staining and confocal imaging

Epithelial ALI cell cultures were washed with PBS three
times and fixed in paraformaldehyde (3%) for 10 min at
room temperature and rinsed in PBS. Cell membranes
were permeabilized with Triton X100 (0.5% in PBS) for
10 min at room temperature and blocked with BSA (2%) in
Triton X100 (0.2%) for 1 h at room temperature. Cells
were incubated with primary antibodies at 4 °C overnight
and washed three times with Triton X100 (0.5% in PBS).
Secondary antibodies were added and incubated for 1 h
at 37 °C. After two washes with Triton X100 (0.5% in
PBS) and PBS each, cells were stained with DAPI
(Hoechst) for 10 min before mounting with Prolong Gold
Antifade reagent (Life Tech). Anti-ZO-1/TJP1 (40–2200)
antibody and Acetyl-alpha-tubulin (32–2700) antibody
were purchased from Thermo Scientific. Anti-MUC5B
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(HPA008246) was purchased from Sigma and anti-
cytokeratin 14 (ab192694) purchased from Abcam. Alexa
fluor 594 goat anti-mouse, alexa fluor 488 chicken anti-
rabbit, alexa fluor 594 goat anti-rabbit and alexa fluor 488
goat anti-guinea pig obtained from Life Technology
(Carlsbad, CA). Images were captured from two fields per
well at 20× magnification with a Nikon inverted fluorescent
microscope (Model HB-10101AF), filters suitable for DAPI
(blue), 488 (green), and 594 (red) fluorescence were used
with a Spot CCD camera (Model 1.1.0).

Wound healing assay

Fully differentiated ALI cultures were starved of hydro-
cortisone in basolateral media for three days prior to
wounding. Mechanical injury was performed by scraping a
P10 sterile pipette tip across the cell layer creating a wound
with a diameter ranging from 600 to 1500 μm. After
wounding, the apical surface of the culture was washed with
200 μL PBS to remove cellular debris. The leading edge of
the wound was tracked with the aid of time-lapse micro-
scopy (CytoSmart, Lonza) with images taken every 60 min
at 4× magnification and image analysis software used to
track the wound area over time. Image editing software
(Adobe Photoshop) was used to remove the wound area and
convert image files to .TIFF. Wound area was calculated
each hour using ImageJ by converting pixels to area, where
one pixel= 2 μm2. The initial wound area was expressed as
100% to remove variability from wounds of different size.
Wounds were considered to be closed when the calculated
area fell below 3%, the effective limit of detection of the
image processing. Wound closure was calculated as fol-
lows:

Wound closure %ð Þ ¼ 100� Area=Initial areað Þ � 100ð Þ
Wound closure (%), plotted as a function of time (h), was

used to calculate the rate of wound closure (%/h).

Cytokine

Supernatants of epithelial ALI cells were collected by
washing the apical surface of the ALI culture with PBS at
pre-wounding and 48 h. Washes were tested for cytokine
detection using AlphaLISA kit (Perkin Elmer) following
manufacturer’s recommendations. Cytokines tested: GM-
CSF (AL216C, dynamic range 1.6–10,000 pg/mL), IL-13
(AL24OC, dynamic range 3.0–100,000 pg/mL), and IP-10/
CXCL10 (AL326C, dynamic range 3.3–300,000 pg/mL).

EGFR inhibition

Erlotinib HCl (2 μg/mL)(OSI-744, Shelleckchem) [27] was
added to the basolateral media 7 days prior to wounding and
replenished every two days when media was changed.

Statistics

Data were analyzed with GraphPad Prism 7.0 (GraphPad Inc.,
La Jolla, CA, USA) using paired t-test and correlation, as
appropriate, with a p < 0.05 taken to be statistically significant.

Results

Time to full differentiation

Epithelial cells were grown at ALI for 7 weeks and stained for
the presence of tight junctions with basal, goblet and ciliated
cells. Three ALI cultures were stained at 3, 5, and 7 weeks
post air-lift. Tight junctions, basal cells and goblet cells were
present at 3 weeks in all cultures (Table 1). Ciliated cells
appeared by week 7 in two subjects but were not seen in the
third (Table 1). Representative data are shown in Figs. 1, 2.
The TEER value for all three subjects shows an increase from
week 3 to week 7 with a peak at week 5 (Table 1).

Table 1 Summary of the
observed fluorescence staining
of the epithelial cells at ALI over
a 7 week differentiating period

Subject Days to
lift

Weeks post
lift

TEER
(Ωcm2)

Ciliated cells Basal
cells

Goblet
cells

Tight
junctions

11 1 3 65 ✗ ✓ ✓ ✓

5 610 ✗ ✓ ✓ ✓

7 461 ✓ ✓ ✓ ✓

14 7 3 252 ✗ ✓ ✓ ✓

5 772 ✗ ✓ ✓ ✓

7 291 ✓ ✓ ✓ ✓

15 4 3 43 ✗ ✓ ✓ ✓

5 511 ✗ ✓ ✓ ✓

7 626 ✗ ✓ ✓ ✓

Presence or absence of immunofluorescence stain for three subjects. Ciliated cells were only seen for all
subjects at week 7
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In vitro model for airway epithelium wound healing

The average rate of wound closure for three subjects
showed 4.34% ± 0.75/h for Subject 1 and 3.09% ± 0.37/h
for Subject 2 both after 1 repeat, and 3.89% ± 1.08/h for
Subject 8 after two repeats (data not shown).

Rate of wound closure

Wound closure was complete within 35 h for 9/10 (91.7%)
of cultures (Fig. 3, Table 2). The group mean rate of healing
for those subjects was 4.3%/h (SD= 1.3%/h), with all
“healing” subjects achieving a rate above 2.5%/h (Table 2).
One non-healing subject had a rate of 0.73%/h (Table 2).
There was no correlation between the rate of epithelial rate
of wound closure in healthy and initial wound size (μm2)
with r2= 0.06 (Fig. 4).

Cytokines released

Detection levels of IL-13, GM-CSF, and IP-10 showed no
difference before wounding and after wound closure with
levels at the lower detection limits for the assays (Fig. 5).

Erlotinib exposure

Exposure to erlotinib 7 days prior to wounding caused a
significant decrease in the rate of wound closure from
5.06%/h (SD= 1.48%/h) to 0.43%/h (SD= 0.07%/h)
(Fig. 6).

Discussion

The differentiation of a pseudostratified epithelium at ALI
allows for greater understanding of the cell-to-cell interac-
tions and provides a unique opportunity to study epithelial
cells in vitro. In the present study, we analysed healthy adult
epithelial cells at ALI to determine the ideal timing and
conditions needed for a representative model of wound
healing and repair. The results demonstrated rapid wound
healing within 36 h that could be characterized by a linear
rate using image analysis software.

Full differentiation takes longer than often reported

The culture conditions used to differentiate epithelial cells
into pseudostratified epithelial layer, containing goblet,
basal, and ciliated cells vary in the literature. We chose to
use the standardized B-ALI media from Lonza because of
its concentration controlled additives and its commercial
availability. For BALI media, hydrocortisone is an additive
of the media that is included and suggested by manu-
factures. We have excluded it just from the wound healing
experiments because hydrocortisone treatment is effective at
reducing inflammatory immune reaction and airway
hyperresonsiveness [28]. Hydrocortisone was present for
the full differentiation period but removed from the basal
media three days prior wounding. There was no difference
seen in the health of the culture when hydrocortisone was
removed (data not included). Numerous past studies have
also used this media for differentiation of the airway
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Fig. 1 Cells grown at ALI in B-ALI media for 7 weeks. Cultures
subjected to immunofluorescence labelling as in 'Methods'. Cultures
were labelled with basal (cytokeratin 14), goblet (MUC5B) and

ciliated (Acetyl-alpha-tubulin) cells and tight junctions (ZO-1/TJP1)
with DAPI staining. Representative images form Subject 11 are
shown. Scale bar represents 100 μm
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epithelium but with experimentation at varying days post
lift [7, 17, 18, 29]. The reported days post lift vary from
14 to 42 days with the shortest reported by Hao et al., which
is 7 days earlier than even the manufacture recommends
[17, 18]. The site epithelial cells are harvested from also
plays a part in the time to full differentiation, with nasal
epithelial cells reported to take much longer [19]. These
differences can also be seen in a study by Comer et al. [30]
where they have conducted experiments side-by-side using
both nasal and bronchial epithelial cells. For our study of
the epithelium we must first look at nasal epithelial cells as
they are easier to obtain and can be used as an alternative to
bronchial epithelial cells. These discrepancies identified a
gap where standardized methods of growing nasal epithelial
cells at the ALI needed to be established. In our lab with
B-ALI media, 3 weeks after lift was insufficient, with a
longer period needed for the ALI culture to differentiate into
all three cell types. By staining ALI cultures over a 7 week

period for basal, goblet, and ciliated cells with tight junc-
tions we are able to confirm that only at 7 weeks post lift
are we able to see all cell types, with ciliated cells only
visible at that time in conjunction with a high TEER reading
(Table 1). The reduction in the TEER from 5 to 7 weeks
does not indicate a reduction in tight junctions. The
development of cilia may be the cause of the lower TEER
with more cell types present at that time. Ong et al. [19]
reported that they also saw a decrease in TEER after
3 weeks in conjunction with the observation of cilia for-
mation, with TEER only representing the resistance of the
tight junctions. The lineage of each cell type and structure
of the epithelium developed at differing rates over the
7 weeks. Basal cells develop early with studies identifying
them as the progenitor cells of the epithelium [31]. They
were seen from the earliest time point of 3 weeks post lift
with studies confirming that the monolayer of submerged
cells at seeding stage of ALI are basal cells [32]. Tight
junctions were also present from week 3 but with devel-
opment increasing by week 5 as confirmed by the high
TEER value for all subjects (Table 1). Goblet cells were
identifiable at 3 weeks post lift but became much more
evident after 5 and 7 weeks (Table 1). Mechanisms
involved in the differentiation of goblet cells are more
complex and include the activation of the EGFR [23]
and transcription factors, FOXA2 and SPDEF [33], result-
ing a longer differentiation period. The last cell type to
differentiate in the ALI culture were ciliated cells. For
two of the three subjects they were evident at 7 weeks post
lift (Table 1) with more time presumably needed for cilis to
occur in the remaining subject. In the airway epithelium,
ciliated cells are essential for the transport of mucus and
removal of external pathogens [34]. Waiting 7 weeks for
cilia cells to develop in the ALI model is essential because
of their importance in maintaining the upper airway
homeostasis.

0 HOURS 16 HOURS 24 HOURS

A 

B 

C 

Fig. 2 Wound closure assay in
epithelial cells at ALI.
Representative photographs at
0 h, 16 h, and 24 h after
wounding in Subject 9 (a) with
wound area identified (b) and
removed (c) for ImageJ analysis

Fig. 3 Rate of wound closure. Leading edge of the wound was tracked
and the area of the wound determined every 60 min until closure of
wound. Wound areas were graphed for each participant as a percentage
of wound closure (wound closed= 100%) over time
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A pseudostratified columnar airway epithelium can be
established in an ALI culture, however, for adult nasal
primary cells this must be monitored on a subject-to-subject
basis with a minimum 7 weeks required for full differ-
entiation. This period allows for the development of basal,
goblet, and ciliated cells with a stable TEER value. Authors
should be encouraged to report the state of the ALI cultures
used in their studies.

Rate of closure is an appropriate outcome variable
for studying influence on wound healing

Previous reports on wound healing have used cells cultured
in monolayer, submerged cultures with only basal cells

present [5, 35]. The present study used the method of
scratch assays similar to these previous studies, adapted for
ALI culture. The 3D nature of the ALI system creates
obstacles in the wounding, imaging, and even sampling of
the cultures. Common software programs previously used
for analysis of monolayer scratch assays are not able to
identify the wound edge (TScratch and Robust Quantitative
Scratch Assay) in ALI cultures. The present study used
simple programs such as Adobe Photoshop and ImageJ that
allow identification and calculation of the wound area
(Fig. 3). The initial wound size did not correlate with the
rate of wound closure (Fig. 4). This allowed normalization
of the initial wound to 100% with healing plotted as a
percentage of the initial wound and the rate of wound clo-
sure taken from the slope (Fig. 3). Only one subject failed to
close the wound and had a rate of wound healing less than
1%/h. From the remaining subjects that did close, we report
a rate of wound healing of above 2.5%/h (Table 2). Thus,
we suggest 2.5%/h as a baseline rate of wound healing for
healthy subjects that can be used in future experiments
investigating factors that disturb normal wound healing in
the airway epithelium. The robustness of this wound healing
assay was measured by repeated wound healing of the same
subject on different wells and on different days, for three
subjects. Each subject showed a minimal assay-to-assay
variation (<28%). All remained above the recommended
2.5%/h allowing for confidence in the wound healing assay
and ALI model.

Epithelial wound healing occurs by four processes:
dedifferentiation, migration, proliferation, and rediffer-
entiation [36–39]. The present study shows that ALI cul-
tures of primary nasal epithelial cells from healthy subjects

Table 2 Characteristics of
subjects

Subject Sex TEER (Ω.cm2) Time to
closure (h)

Wound area (μm2), %a Rate of
wound
closure
(%/h)

R squared

Pre
wounding

48 h Initial Final

1 Female 1402 643 25 586,748 4820 0.8% 4.49 0.93

2 Male 280 313 31 461,552 1790 0.4% 3.36 0.95

3 Male 577 478 16 457,662 1626 0.7% 6.75 0.94

4b Female 1270 181 46 462,954 270058 58.3% 0.73 0.67

5 Male 1699 1699 27 335,258 2804 0.8% 3.94 0.98

6 Female 280 280 32 550,584 3532 0.6% 3.58 0.98

7 Male 280 280 21 307,284 8772 2.9% 5.22 0.96

8 Female 346 643 31 522,444 4378 0.8% 3.47 0.97

9 Female 1930 2293 32 432,494 3562 0.8% 2.9 0.90

10 Female 181 214 33 395,260 874 0.2% 3.08 0.98

No significant difference was seen between TEER values pre wounding and at 48 h (t-test, p-value 0.42).
Significant difference was seen between the initial and final wound area for all except subject 4 (t-test,
p-value < 0.0001)
aFinal wound area expressed as a percent with the initial wound area normalized to 100%
bSubject 4 was removed from further analysis as the wound failed to close

Fig. 4 Rate of healing (%/h) compared against the initial area (μm2)
of each wound. At time 0, the area of the initial wound was calculated as
initial area (μm2). There was no correlation seen between initial area (μm2)
and rate of healing (%/h) for all donors at the 95% confidence interval
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heal within 36 h (Fig. 3). However, this period may only
represent the first two stages of wound repair, dediffer-
entiation and migration. Proliferation and redifferentiation
are likely to occur once the wound is visually closed, but
may be inferred from the TEER at 48 h post wounding
using this model (Table 2). The use of fluorescence staining

and cytokine release could confirm this. For eight subjects
TEER returned to the around the pre-wounding value by
48 h, which is likely to indicate that the epithelium has
polarized with tight junction present and indicate complete
repair of the wound.

Cytokine levels are a reliable and useful measurement of
inflammation and innate immunity [40–42]. However, most
previous reports used submerged monolayer cultures, where
sampling of the culture is easier and less disruptive to the
epithelial cells. The situation appears more complex with
ALI cultures. In the present study, we chose to measure
cytokines on the apical surface of the culture, as this is the
most applicable site. However, one consequence of our
decision was that we were unable to reliably sample during
the healing process. There were no significant differences
in the cytokine levels before wounding and after wound
closure (Fig. 5) which is contrary to Allahverdian et al. [43],
that show an increase in IL-13 during wound healing. There
was also only a small number of donors tested with plans
looking at increasing these numbers in the future. Although
the cytokine levels from the apical wash were low, we
were still able to detect epithelial release of GM-CSF,
IP-10, and IL-13 (Fig. 5). GM-CSF is reported to be
released by epithelial cells [42], although not widely

Fig. 5 Cytokine concentration before and after wound closure. Apical washes were taken at pre-wound, and 48 h when wound was closed. Samples
were analysed IP-10 (a), GM-CSF (b), and IL-13 (c) (Subjects 1, 2, 3, 5, and 11). No significant difference was seen between before or after
wounding for all three cytokines measured (n= 5). Note: no IL-13 was detected in subject 2

Fig. 6 Rate of wound closure for basolateral exposure. Erlotinib
(2 μg/mL) was added to the basolateral media of ALI culture 7 days
prior to wounding (n= 3). The rate of wound closure was significantly
lower after erlotinib (p= 0.03)
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reported. IP-10/CXCL10 is also of interest because it is
produced by epithelial cells with an increased expression
seen in respiratory diseases such as asthma and COPD
after pathogen exposure [44]. This observation of no
change seen before and after closure could be consistent
with the model only showing dedifferentiation and migra-
tion only, and GM-CSF, IP-10 and IL-13 may not be
involved in these processes. Other cytokines might be more
suitable for quantification using this model including, IL-6
and IL-8. IL-6 is expressed in response to environmental
stress factors including infections and tissue injuries [45],
and IL-8 has been shown to increase during cell adhesion
and migration [46].

A functional EGF-EGFR pathway is critical for wound
healing in the submerged monolayer culture system and
of interest in our wound healing assay [47]. The results
from the present study show that this is also critical
for healing wounds in ALI culture (Fig. 6). EGFR is part
of a pathway involved in the repair of damaged epithelium
[47] and by blocking this pathway with erlotinib we saw
a reduction in the proliferation and survival of epithelial
cells [48], with a rate of healing <1%/h and failure to heal
within 48 h.

The present study used epithelial cells sampled from the
nasal cavity of healthy adults. The nasal epithelium is the
“site of first contact” for pathogens and environmental
stimuli. Nasal airway epithelial cells are easily accessible
and resemble the upper airway epithelium morphology
with similar gene expression and mucus production [49].
We are deliberately studying the response of the nasal
epithelium in its own right and not as a substitute for lower
airway epithelium. As such, the results of the present study
may not be applicable in the lower airways. However, as
the structure and cell types are similar to those in the
larger conducting airways, similar results are likely for cells
obtained from those airways [50].

In conclusion, the results from the present study showed
that well-differentiated cultures of primary nasal epithelial
cells grown at the air-liquid interface are suitable for
studying wound healing and that measuring the rate of
wound healing gives a reliable outcome variable. The ALI
culture must have the presence of basal, goblet, and ciliated
cells with a stable TEER before wounding of the culture
and show a decrease in the rate of wound healing after
exposure to erlotinib. We plan to use this model to study
factors influencing wound healing, including host disease
status and environmental exposures.
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