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Introduction

Summary

The role of antigen-presenting cells in the skin immune system, in partic-
ular Langerhans cells and dendritic cells, has not been well defined. We
recently published a study in ‘Immunology’ where we reported that the
loss of langerin-positive cells in the skin accelerated wound repair in the
Lang-DTR mouse. The study published here by Li, et al. reports delayed
wound closure following depletion of CD11c-positive cells in the CD11c-
DTR mouse. In this commentary, we attribute the differences between
these results to several factors that differ between the studies including
the depletion of different cell populations; differences in the age and the
sex of mice; differences in antibiotic use between the studies; and differ-
ences in the location of the biopsies that were taken. Here, we describe
the impact of these differences on wound healing and conclude that fur-
ther standardization of the wound model, and further characterization of
the specific cells that are depleted in these mice, is necessary to better
understand how antigen-presenting cells contribute to wound healing.

Keywords: antigen-presenting cells; wound healing; depletion models;
mouse.

In our recently published study in Immunology, we
reported that loss of langerin'* cells in the skin acceler-

Given the tremendous strain that chronic wounds place
on healthcare systems, considerable efforts are underway
to investigate the regulation of wound healing. In particu-
lar, the immune system has been found to play a central
role in healing due to its impact on all the phases of
wound repair." The innate immune system is capable of
rapid activation in response to a breach to the integu-
ment and is crucial for the recruitment of cells of the
adaptive immune response. However, the role of antigen-
presenting cells in the skin immune cell system, in partic-
ular Langerhans cells (LCs) and dendritic cells (DCs), has
not been well defined.

ated wound repair in Lang-DTR mice.” The more rapid
healing was characterized by increased re-epithelialization
and granulation tissue formation. The study published
here by Li et al. investigated the role of CD11c" cells in
wound healing using the CD11c-depletable CD11c-DTR
mouse. In contrast to our observations in the Lang-DTR
mouse, the authors showed a significant delay in wound
closure in the absence of CD11c"" cells using that model.
The aim of this commentary is to highlight the impor-
tance of antigen-presenting cells in wound healing and
the differences in experimental approaches between the

Abbreviations: DCs, Dendritic cells; DT, Diphtheria toxin; LCs, Langerhans cells; MHCII, Major histocompatibility complex class

II; MSB, Martius Scarlet Blue; PBS, Phosphate-buffered saline
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two studies, and the impact of those differences on the
results of those studies.

Methods

Mice and wounding

Female transgenic Lang-DTR’ mice were used for this
skin wound model between 8 and 14 weeks of age. Mice
were kept in a specific pathogen-free environment at the
Hercus Taieri Research Unit of the University of Otago
under Animal Ethical Approval 20/13.

The transgenic mice were separated into control and
experimental groups and given intraperitoneal injections
of phosphate-buffered saline (PBS) or diphtheria toxin
(DT; 100 ul of 1 ug diluted in PBS),* respectively. These
injections were administered at 4 and 1 day prior to
wounding to deplete mice of langerin®™ cells in the
experimental groups.

Full-thickness wounds (4 mm thick) were created on
each shaved hind limb of anaesthetized mice (ketamine
75 mg/kg; Domitor 1 mg/kg) using a sterile biopsy punch
(Shoof International®). Prior to wounding, pain relief
was administered to the site by subcutaneous injections
of bupivacaine (2 mg/kg). A subcutaneous injection of
Amphoprim (10-2 mg/kg) was administered in the scruff
of the neck to prevent infection. Once the procedure was
completed, Antisedan (5 mg/kg) was given by subcuta-
neous injection to the inguinal region to reverse the
effects of the anaesthesia.

Photographs of each wound were taken using a single-
lens reflex camera (Nikon®), and a ruler for scale,
immediately post-wounding and at day 1. Wound tissue
was harvested after euthanasia of the mice by CO,
asphyxiation at day 1 — post-wounding. Wound biopsies
were excised (1 cm x 1-5 cm) and fixed in 0-5% zinc
salt fixative and transferred into 70% ethanol for 4 h.
The tissues were dehydrated with xylene and graded
ethanol water baths to displace the water. The tissues
were then embedded in paraffin. Serial 4-um sections
were cut, and one section from the centre of each
wound was used for Martius Scarlet Blue (MSB) stain-
ing, following a standard protocol.” All embedding, sec-
tion cutting and MSB staining were performed at the
Histology Services Unit, Department of Pathology,
Dunedin School of Medicine.

Immunofluorescence and histochemical analyses

Antigen-presenting cells were stained using a FITC-conju-
gated anti-MHCII monoclonal antibody (Cat. No.
ab93560; clone M5/114-15-2; 1:400 dilution; Abcam) and
supernatant from cells expressing anti-langerin (Cell line
99:1; clone 929 F3; undiluted) monoclonal antibody in
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conjunction with an Alexa Fluor®
IgG2a.

Slides were incubated at 37°C in oven overnight before
staining to improve adhesion of the tissues onto the slide.
Sections were de-paraffinized and taken to water, and

594 goat anti-rat

antigen retrieval was achieved by incubating the sections
in 37°C Tris-buffered saline, pH 7-4 (TBS) for 20 min for
the MHCII staining and then at RT for a further 20 min,
followed by three 5-min washes in TBS containing 10%
Tween-20 (TBST). Non-specific antigen-binding sites
were blocked by incubation with 10% normal sheep
serum in TBS containing Fc block (rat anti-mouse CD16/
CD32 (1:700; BD Biosciences) and Rat IgG (1:500, Jack-
son ImmunoResearch) for 1 h RT. The sections were then
incubated with primary antibodies diluted in antibody
diluent (1% BSA, 10% Triton-X-100 in TBS) overnight at
4°C, followed by three 5-min washes in TBST. Secondary
antibody was added, if necessary, to the tissues for an
hour at RT. At around 30 min into the incubation, the
nuclear stain DAPI (1:50) was added to counterstain the
nuclei. Sections were washed three times for 5 min in
TBST, mounted with SlowFade™ Diamond anti-fade
reagent (Invitrogen) and stored overnight at 4°C. Images
of the entire tissue section were taken using a fluorescent
microscope (Olympus BX51 TRE®) under the 40x objec-
tive lens. Photographs were merged and converted into
panoramas using Fiji (https://imagej.net/Fiji).

Morphometric analyses

The area of the wound was measured using Fiji by setting
the scale, then using the free-hand polygon tool to trace
the neo-epidermal area, length and width along with
granulation tissue area and selecting the ‘measure’ key
from the ‘analyse’ menu. All analyses were conducted on
sections from the middle of the wound.

The numbers of Langerin™ and MHCI™” cells within
the epidermis (avoiding glands and hair follicles), dermis
and hypodermis were quantified in the immunofluores-
cent histochemistry sections at day 1 wounding. The skin
within each section was divided into different zones:
wound bed (between the cut edges of the PC), adjacent
region (adjacent to the wound) and periphery (peripheral
to the wound edge) with the latter two zones measuring
700 pm in width.

Statistical analyses

All data are presented as the mean =+ standard error of
the mean, and statistical analyses were conducted in
GraphPad Prism 8 and performed using one- or two-
way ANOVA with multiple comparisons determined
using the Bonferroni or Sidak’s multiple comparisons
tests.
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Results and Discussion

There are some similarities and a number of notable dif-
ferences in both the models and the approaches taken by
Li, et al.,, and us, are summarized in Table 1, and which
we will discuss here.

The closure of the wounds in the untreated mice
appears somewhat similar for both studies, as might be
expected. The common time-point reporting closure for
both studies is day 5. Li, et al. carried out three-dimen-
sional imaging of the wound in the untreated (no diph-
theria toxin; DT) CD11¢-DTR mice to provide a measure
of ‘wound openness,” with a mean of approximately 36%
at day 5. In our report, we used two-dimensional imaging
of the wound and reported a mean ‘% original wound
size’ of 32% in the untreated Lang-DTR mice at day 5.
These data indicate that healing in these transgenic mice
is similar in the absence of DT depletion; however, a
direct comparison should be carried out experimentally
to robustly confirm this.

Administration of DT in the Lang-DTR and CDI1lc-
DTR models results in the depletion of different and only
partially overlapping populations of cells, likely contribut-
ing to the varied responses observed in wound repair in
these models. In our study, administration of DT at —4
and —1 days prior to wounding in the Lang-DTR model
resulted in the total depletion of epidermal LCs and a
reduction in dermal langerin® cells at day 1 post-
wounding.’

Table 1. Summary of the differences between the Rajesh, et al. and
Li, et al. studies

Rajesh et al. Li et al.

Mouse C57BL/6 background ~ C57BL/6 background
Females aged 8- Females aged 6—
12 weeks 9 weeks and males
aged 8-18 weeks
Model used Lang-DTR CDI11¢-DTR

Number and
timing of DT
administration

Depleted cells

Wound
Location of the
biopsy

Antibiotic used

Wound closure
analysis method

Primary technique
used to detect
immune cells

2 (—4 and —1 days
before wounding)

Langerhans cells and
langerin™ dermal
dendritic cells

4-um full-thickness
excision

Lateral-caudal
dorsum

Amphoprim

Two-dimensional
imaging

Immunofluorescence
staining

2 (—3 and —1 days
before wounding)

Dendritic cells

4-um full-thickness
excision

Medial—caudal
dorsum

None

Three-dimensional
imaging

Flow cytometry

100

Unlike the Lang-DTR mice, repeated DT injections in
the CD11¢c-DTR model result in severe toxicity and death
of the mice, limiting the number of injections that can be
administered. This leads to only partial depletion of
CD11c"™ cells® and restricts the time interval when the
impact of depletion can be measured.” In the report by
Li, et al., two injections were administered, which resulted
in partial depletion of CD11c™ cells.

Other studies using the CD11¢c-DTR mouse model have
reported loss of several other cell populations in addition
to CD11c™ cells following the administration of DT,* !
including plasmacytoid DCs, activated T cells, natural
killer cells and certain populations of macrophages in the
skin. Broader depletion of cells in the CD11¢c-DTR model,
for example the loss of macrophages prior to wound
healing, has been known to impair healing processes'”
and thus might be contributing to the observed delay in
healing.

CD11¢-DTR mice have been reported to display neu-
trophilia in the blood following injection of 8 ng/g body
weight of DT (noting that Li, et al. administered two
doses of 100 ng DT 48 h prior to wounding and on the
day of wounding)."" Following DT administration, poly-
morphonuclear cells were increased by twofold at 24 h,
fivefold at 72 h and twofold at 7 days.'' In contrast, the
expansion of neutrophils has not been reported in the
Lang-DTR mouse following DT administration. Depletion
of neutrophils in vivo by injecting anti-mouse neutrophil
serum results in the acceleration of wound closure,
which suggests by implication that an increase in neu-
trophils may delay healing. This should be tested directly,
and any functional implications of the neutrophilia in the
CD11¢-DTR model should be taken into consideration
when interpreting results.

In order to look more broadly at the impact of DT
injection on the numbers of langerin'~ mononuclear
phagocytes in the Lang-DTR mouse, we enumerated der-
mally located major histocompatibility complex class II
(MHCII)-positive cells that were negative for langerin in
8- to 14-week-old mice following DT administration (Fig-
ure 1A). MHCII-positive cells in mouse dermis are
reported to consist predominantly of dermal macrophages
and dermal dendritic cells,'* including migrating LCs and
langerin™) dermal DCs. Langerin'~’ and MHCI" cells
were enumerated in the dermis of the wound bed, adja-
cent area and periphery at day 1 post-wounding (Fig-
urelB), using the same protocol that we reported
previously.” There was a slight, but not statistically signif-
icant, drop in the number of MHCII", langerin~ cells
in both the periphery and adjacent to the wound bed,
indicating that there no significant depletion of these cells
occurred (Figure 1B). The number of MHCII®”, lan-
gerin ™) cells were very few in the wound bed in either
the DT-treated or control groups, and there was no sig-
nificant difference between the two groups. In contrast,
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the MHCII"", langerin™ cells were lost from the epider-
mis in the depleted group (data not shown), were signifi-
cantly reduced in the periphery (ANOVA, P < 0-01) and
the adjacent region (ANOVA, P < 0-001) of the wound
1 day following DT administration (Figure 1C) and were
absent in the wound bed. These trends echoed our previ-
ous report, with some inter-experimental variations in the
absolute numbers that were observed. We do note that
there was a difference in the ages of the mice between the
two studies (8-12 weeks in our previously published
study, 10-14 weeks in this study) that may have con-
tributed to this variability. These findings indicate that
the accelerated healing observed in this model® occurs as
) cells, which
includes LCs and a proportion of the langerin® dermal
DCs. Importantly, we show here that langerin‘~,
MHCII™ cells are not significantly altered following the
administration of DT in this model and therefore do not
contribute to the accelerated healing that we observe in
this model.

While differences in the cell populations depleted in
the Lang-DTR and CD11c-DTR models provide an expla-
nation for the incongruent healing responses observed,
there were methodological differences between our paper
and the work of Li, et al. that could contribute to the

a consequence of depletion of langerin

12 weeks

Antigen presenting cells and healing

differences in the findings between these studies
(Table 1). We might expect these factors to also be
reflected in differences between the untreated mice
between the two studies; however, apart from the day 5
data mentioned earlier, there are no other data presented
that are common to both studies that can be directly
compared to help establish if this is the case. Further
experimentation is required to establish which parameters
might impact only following cell depletion in these mod-
els.

In our previous study, we used only female mice that
were aged between 8 and 12 weeks,> while Li et al. used
female mice aged 6-9 weeks but also some males that
ranged from 8 to 16 weeks."” Male skin is 40% stronger
due to their thicker dermis, while female skin exhibits a
thicker epidermis, hair shaft and hypodermis. These dif-
ferences in the structure of the skin between male and
female mice, along with the influence of sex hormones,'°
may contribute to different rates of healing observed in
the depleted mice in these studies.

Hair cycling changes as mice age, which impacts on
wound repair. While in the hair follicle growing phase
(anagen phase), mouse skin exhibits accelerated wound
re-epithelialization relative to skin in other stages.'” It has
been shown increased numbers of hair follicles facilitate
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Figure 1. Effect of DT treatment on the langerin™ MHCI” and langerin” MHCII®" cells in the dermis of Lang-DTR mice. (A) Representative
images of mouse tissues treated with PBS (control) or diphtheria toxin (depleted) at day 1- post-wounding stained with antibodies against MHCII,
langerin and nuclear stain DAPI (blue). Scale bar represents 50 pm. The number of (B) langerin(+) MHCII®™ double-positive cells and (C) lan-
gerin ™ MHCII™ cells per mm? of the wound in the periphery, adjacent region and wound bed were quantified at day 1 — post-wounding in both

the control and depleted mice. Data presented as mean = SEM from #n = 8 on mice aged 10-14 weeks. Statistical differences between the groups

were determined by two-way ANOVA followed by Bonferroni multiple comparisons test
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Figure 2. Relationship between the age of the mice and dorsal hair coverage and initial wound sizes. (A) Representing macroscopic images dorsal
hair coverage and initial size upon wounding in Lang-DTR mice at ages 8, 10 and 12 weeks. Scale bar represents 4 mm. (B) The percentage of
dorsal hair coverage (dark hair growth), and (C) initial area of the wound, with each data point representing the mean of two wounds per ani-
mal, was determined in mice aged 8 (n = 21), 10 (n = 21) and 12 (n = 14) weeks of age. Mean & SEM is shown. Statistical analysis was carried

out using a one-way ANOVA with Sidak’s multiple comparisons test

the migration of epithelial stem cells to aid faster re-ep-
ithelialization.'® We have explored the impact of anagen
in the Lang-DTR mouse model. We found that the per-
centage of mice exhibiting anagen phase (demonstrated
by hair growth) increased as the age increased (Fig-
ure 2A,D). The mean dorsal hair coverage was nearly
doubled (Figure 2A,B), which likely contributed to the
creation of a smaller wound in the 12-week-old mice,
when compared to their younger counterparts (Fig-
ure 2A,C). A limitation of both studies is the use of a

102

broad range of ages of mice, hence potential variability in
mice in the anagen phase. Moving forward, it will be
important to use tighter age ranges and to compare mice
at different ages, to differentiate between the wound heal-
ing effects of cell depletion and hair cycling.

The location of the punch biopsies on the dorsum of
the mice varied between our study and that of Li, et al.
(Table 1). The rate of healing processes such as wound
contraction, re-epithelialization, total tissue repair and
thus wound closure varies depending on the location."

© 2021 John Wiley & Sons Ltd, Immunology, 163, 98-104



Wound contraction was reported to be higher in medial-
caudal wounds when compared to lateral-caudal wounds
in a porcine model.® Although both depletion studies
described here standardized the wound site for all mice,
the impact of cell depletion on rate of healing may differ
between anatomical locations, thus making comparisons
between studies difficult.

Another major difference between the studies described
here related to the use of antibiotics (Table 1). In the
Lang-DTR model, both depleted and non-depleted groups
of mice were comparably treated with an antibiotic at the
time of wounding.2 Li et al. did not use antibiotics,'°
posing a higher risk of wound infection, and when com-
bined with the loss of a broad range of immune cells,
could contribute to delayed healing or non-closure of
wounds.”® Indeed, previous studies have shown that
antibiotic use can accelerate cutaneous healing, reducing
the wound area and inflammatory infiltration, increasing
fibroblast proliferation and synthesis of extracellular
matrix, formation of epithelial tissue and wound clo-
sure.”!

The methods of immune cell analysis differed between
the studies utilizing the Lang-DTR and CDI11c-DTR
models (Table 1). Li et al. utilized flow cytometry, which
is a useful means of identifying populations of cell types
with high sensitivity and specificity; however, it also has
limitations. Calculations of cell populations as a percent-
age can mask changes to immune cell populations post-
depletion, while absolute numbers relative to tissue
weight can better represent those changes.”> Immunofluo-
rescence staining of wound sections, by contrast, provides
spatial information on the location of cells relative to
each other and to the architecture of the tissue, which is
particularly relevant when studying changes within the
wound during healing. Evidence shows that these two
analyses are comparable® and there are benefits to using
both techniques together. While these approaches provide
considerable insights, they could be used in conjunction
with novel technologies such as single cell sequencing to
gain better understanding of the functions of LCs and
DCs during skin repair.

In conclusion, these studies utilizing depletion models
have provided valuable information regarding the dis-
parate roles of skin antigen-presenting cells in the mur-
ine wound microenvironment. The Lang-DTR and
CD11¢-DTR mouse models, and the wounding and ana-
lytical methods used in these studies have their own
share of advantages and limitations. The depletion of
particular cell types is not always specific, and the deple-
tion may only be partial. Depletion in the Lang-DTA
mouse model is exclusive to the epidermal LCs and is
therefore more selective than the Lang-DTR mouse so is
beneficial for the study of this cell type.** The use of
different mouse models to study the depletion of differ-
ent cell types not surprisingly may show variable effects
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on the rate of healing, and we must display caution
while comparing studies. There is utility in standardizing
experimental approaches in these models so as to
improve reproducibility and comparability. Both the
studies discussed here provide valuable information
regarding the regulatory roles of antigen-presenting cells
in healing. Addressing the points raised here in future
studies will allow for an improved understanding of the
contribution of innate immune cells to the regulation of
healing.
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