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Bronchiolitis obliterans syndrome (BOS) is a main cause of allograft dys-
function and mortality after lung transplantation (LTx). A better under-
standing of BOS pathogenesis is needed to overcome this treatment-
refractory complication. Orthotopic tracheal transplantation using human
bronchus was performed in Brown Norway (BN) and nude (RNU) rats.
Allografts were recovered in both strains at Day 7 (BN,, n = 6; RNU,,
n =7) or Day 28 (BNyg, n = 6; RNU,, n = 6). Immune response of the
host against the bronchial graft was assessed. Human samples from BOS
patients were used to compare with the histological features of the animal
model. Obstruction of the allograft lumen associated with significant infil-
tration of CD3+ and CD68+ cells was observed in the BN group on Day
28. Immune response from type 1 T-helper cells against the tracheal xeno-
graft was higher in BN animals compared to nude animals on Days 7 and
28 (P < 0.001 and P = 0.035). Xenoreactive antibodies were significantly
higher at Day 7 (IgM) and Day 28 (IgG) in the BN group compared to
RNU (respectively, 37.6 & 6.5 vs. 5.8 & 0.7 mean fluorescence, P = 0.039;
and 22.4 £+ 3.8 vs. 6.9 £+ 1.6 mean fluorescence, P = 0.011). Immunocom-
petent animals showed a higher infiltration of S100A4+ cells inside the
bronchial wall after 28 days, associated with cartilage damage ranging from
invasion to complete destruction. In vitro expression of S100A4 by human
fibroblasts was higher when stimulated by mononuclear cells (MNCs) from
BN rats than from RNU (2.9 & 0.1 vs. 2.4 & 0.1 mean fluorescence inten-
sity, P = 0.005). Similarly, S100A4 was highly expressed in response to
human MNCs compared to stimulation by T-cell-depleted human MNCs
(4.3 £ 0.2 vs. 2.7 £ 0.1 mean fluorescence intensity, P < 0.001). Oblitera-
tive bronchiolitis has been induced in a new xenotransplant model in
which chronic airway obstruction was associated with immune activation
against the xenograft. Cartilage infiltration by S100A4+ cells might be stim-
ulated by T cells.

Transplant International 2016; 29: 1337-1348

Key words
chronic rejection, humanized model, lung transplantation, S100A, T cells

Received: 1 April 2016; Revision requested: 30 May 2016; Accepted: 29 August 2016; EV Pub
Online 4 October 2016

1337



Guihaire et al.

Lung transplantation (LTx) is considered as the last
resort treatment for end-stage pulmonary disease. How-
ever, it provides the patient with the lowest long-term
survival among all solid organ transplantations with an
overall median survival of 5.5 years [1]. Chronic lung
allograft dysfunction (CLAD) accounts for 30% of
recipients’ death at 5 years after LTx and is mainly
because of the development of a bronchiolitis obliterans
syndrome (BOS). The progressive airway obstruction,
unexplained by acute rejection, infection, or other con-
founding complications, affects 49% and 75% of recipi-
ents by 5 and 10 years post-LTx, respectively. An
irreversible decline in pulmonary function tests is
observed with a significant decrease in the forced expi-
ratory volume in second.

The exact mechanism by which BOS occurs is still
unknown even if an immune-mediated process has been
strongly suggested [2,3]. Repeated acute cellular rejec-
tions are known to be strong predictors of CLAD. Sev-
eral nonimmunological factors have also been reported
to be linked to BOS development such as cytomegalo-
virus infections, gastroesophageal reflux, respiratory
viral infections, and pneumonitis because of Pseu-
domonas aeruginosa [4]. Despite a wide heterogeneity of
risk factors, chronic airway rejection is characterized by
a relatively homogenous phenotype among LTx recipi-
ents regarding time of onset, histological features, dis-
ease severity, and lack of response to treatment [5]. To
date, there is neither relevant preventive strategy to
improve long-term outcomes, nor efficient therapy to
reverse established BOS [6].

Increased level of S100 family protein expression in
fibroblasts has been reported in patients suffering from
CLAD [7]. A recent clinical study showed that the
level of S100 proteins in the bronchoalveolar lavage
fluid varied according to the phenotype of CLAD [8].
Among the multigene calcium-binding S100 protein
family, the S100A4 protein is usually expressed by
fibroblasts and immune cells [9]. Overexpression of
the S100A4 protein, also known as metastatin or cal-
vasculin, has been identified in many malignant
tumors and is associated with a more aggressive
phenotype in these cancers [9,10]. The expression
of S100A4 in the fibroproliferative lesions observed
after LTx has not been investigated and might repre-
sent a new biomarker of obliterative bronchiolitis
(OB).

Since the first description of OB following combined
heart-lung transplantation in the mid-1980s, many
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efforts have been made to create a relevant animal
model of OAD. The orthotopic tracheal transplantation
model has been shown to be more representative of the
OB found in human LTx recipients, even if luminal
obliteration is moderate and delayed compared to the
heterotopic model [11]. This preclinical model provides
also excellent opportunities to investigate immunosup-
pressants’ delivery by the route of inhalation [12]. How-
ever, rodents do not share the human respiratory
histology and immunogenicity, so that the orthotopic
animal model cannot closely reproduce human OB
pathogenesis and may have a different sensitivity to
medical treatment compared to human tissue. In this
study, we first developed an original xenotransplant
model using human bronchial graft in rats. Then, we
investigated the expression of the S100A4 protein in the
fibroproliferative disorder that progressively leads to
OAD.

Animals

Adult Brown Norway (BN) and nude (RNU) rats,
320-450 g, were purchased from Charles River Labora-
tories (Sulzfeld, Germany). All animals were housed
under normal conditions and received standard rodent
food and water, and humane care in compliance with
the Guide for the Principles of Laboratory Animals,
prepared by the Institute of Laboratory Animal
Resources and published by the National Institutes of
Health. The animals were maintained in the animal
care facilities of the Campus Research from the
University Hospital Hamburg-Eppendorf (Hamburg,
Germany).

Study groups

For each strain, animals were randomly assigned to two
groups: Animals were sacrificed either at the seventh
postoperative day (BN, group, n = 6 and RNU; group,
n=7) or at the 28th postoperative day (BN,g group,
n = 6 and RNU,g group, n = 6).

Experimental surgery

Graft preparation

Distal bronchi of human native lungs were procured
from LTx recipients. Lungs with bronchial disease such
as cystic fibrosis were excluded. In this study, all
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patients had primary pulmonary hypertension, without
pulmonary fibrosis, and thus were supposed to have
healthy distal bronchi. These donors gave their full,
informed, written consent to the study. The experi-
mental protocol was approved by the local ethics com-
mittee for animal study using human tissues. The
recovered lungs were preserved in a 4 °C medium
(RPMI medium; Gibco, Life Technologies GmbH, Pais-
ley, UK), and human bronchi were transplanted to rats
in the following 48 h to avoid graft ischemic injuries.
Human bronchi were prepared for an equivalent
length of a six-ring segment of rat trachea. Careful
attention was paid to the airway anatomic polarity of
the graft to prevent any disturbance of the mucous
clearance. The graft was flushed with cold saline and
then stored at 4 °C until the recipient trachea was
divided.

Recipient operation

Orthotopic tracheal transplantation was performed in
rats according to the method previously described [11].
The recipient trachea was transversally opened three to
four rings caudal from the cricoid cartilage. As the tra-
chea was not distally divided before the proximal graft
anastomosis was performed, animals maintained spon-
taneous ventilation through the tracheostomy thereby
avoiding the need for mechanical ventilatory support
during the procedure. The human graft was first
sutured to the proximal recipient trachea (cervical) by
an edge-to-edge method maintaining the anatomic
polarity of the human bronchus. The posterior aspect
of the anastomosis was performed in continuous run-
ning fashion using 8-0 (Prolene, Ethicon, Germany).
The anterior aspect was completed using interrupted 8-
0 stitches. After airway secretions and clots cleaning, a
four-ring segment of the recipient
removed. An edge-to-edge distal suture to the mediasti-
nal trachea was realized in the same fashion than the
proximal one.

trachea was

Histopathology

General histology

See Supporting Information.

Immunofluorescence

See Supporting Information.
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Immune response assays

ELISPOT assays

Donor lymphocytes were isolated and counted after
mitomycin inhibition (1 x 10° cells/ml, 100 ul/well).
During graft recovery at Days 7 and 28, recipient’s
spleen was removed and homogenized and splenocytes
were isolated and counted (1 x 107 cells/ml, 100 pl/
well). Donor’s lymphocytes were pooled with recipient’s
cells. After a 24-hour incubation time at 37 °C, type 1
T-helper (Th-1) response was quantified according to
ELISPOT protocol (BD Biosciences, Heidelberg, Ger-
many) using rat interferon-y (IFN-y). Spots were auto-
matically enumerated using an ELISPOT plate reader
(Cincinnati Testing Laboratories, Cincinnati, OH, USA)
for scanning and analyzing.

Donor-specific antibodies

Sera from BN and RNU recipients were decomplemented
by heating to 56 °C for 30 min and subsequently diluted
by 1 of 3 in phosphate-buffered saline containing 3% fetal
calf serum and 0.1% NaNj3. Sera were incubated for 1 h
at 37 °C and then mixed with donor cells. Mean fluores-
cence intensity was measured by flow cytometry using
antibodies against human IgM and IgG alloantibodies
(AbD Serotec, Dusseldorf, Germany). Mean fluorescence
emission of sera from naive BN rats served as reference
and was set to 1000. Data were analyzed using the Flowjo
software (Tree Star Inc., Ashland, OR, USA).

S100 A4 cell infiltration and cartilage damages

Light microscopy

See Supporting Information.

In vitro assay

See Supporting Information.

Cartilage transplant experiment

See Supporting Information.

Statistical Analysis

Results are presented as mean value + SD. Comparison
between groups was performed by one-way analysis of
variance with least significant difference post hoc test.
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P <0.05 was considered statistically significant. All
analyses were performed using spss software (Statistical
Package for the Social Sciences, version 17.0; SPSS Inc.,
Chicago, IL, USA).

Chronic obliterative airway disease in the
xenotransplant model

Microscopic examination revealed enhanced mononu-
clear graft infiltration in the BN group. Severe signs
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of chronic rejection in the BN group were observed
on Day 28 with interstitial and peribronchiolar fibrosis
resulting in marked airway obstruction. Nude animals
also showed fibroproliferative lesions but only involv-
ing the submucosal area, between the cartilage ring
and the epithelial layer (Fig. 1la). The histomorphology
of 28-day xenografts in BN rats was similar to that of
human BOS samples. Thus, the main pathologic features
of human airway allograft chronic rejection can be repro-
duced in this model (Fig. 1a). The origin of epithelial
cells and proliferating cells was human as confirmed by
confocal immunofluorescence staining with HLA-I
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Figure 1 Development of obliterative airway disease after transplantation. (a) Comparative overview of the obliterative lesion observed in
human bronchiolitis obliterans syndrome (BOS), Brown Norway (BN), and nude (RNU) models (trichrome staining, upper pictures). The fibropro-
liferative disorder seems to be more severe in the BN model (trichrome staining, lower pictures). (b) The composition of the epithelial coverage
is reported in human BOS, BN, and RNU model (PAS staining). The physiological epithelium is highly preserved in human patients while it is
absent in the BN group and accounts for less than 50% in the RNU group. C: cartilage; O: obliterative lesion.
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(Fig. S2). Both BN and RNU animals presented major
epithelial destruction within the luminal airway at 7 days
after orthotopic tracheal transplantation, without any dif-
ference in epithelial coverage categories (Fig. 1b). It may
be related to ischemic injury of the epithelial layer. Physi-
ological respiratory epithelium recovered in RNU at Day
28 (40% + 17% of epithelial coverage) and was not
detectable in BN group (P = 0.009). Epithelial layer
denudation was more severe in BN group at Day 28 com-
pared to nude animals (87% 4+ 7% vs. 28% =+ 13%,
P =0.005). There was no significant difference in flat-
tened cuboidal rate between BN and RNU groups at Day
28 (respectively, 13% + 7% vs. 32% =+ 13%, P = 0.319).
The epithelial layer was preserved in the bronchi of BOS
patients as 83% =+ 17% of the luminal circumference
included a physiological epithelium (Fig. 1b).

In vivo immune activation

Inflammatory cell infiltration

CD3+ cell infiltration of the xenograft was higher at
Day 28 in the BN group compared to nude animals
(33% £ 10% vs. 6% =+ 4%, respectively, P < 0.001).
There was no difference for CD68+ macrophage infiltra-
tion between BN and RNU groups after 28 days
(28% £ 10% vs. 30% =+ 9%, respectively, P = 0.487).
Human samples showed infiltrating rates of 18% =+ 8%
and 13% =+ 5%, respectively, for CD3+ cells and CD68
cells (Fig. 2a and b).

ELISPOT assay

Few spots were detected in the RNU group after ELI-
SPOT analysis. Th-1 mediated a response against the
tracheal xenograft which was higher in BN animals
compared to nude animals on both Days 7 and 28, as
shown by the increased frequencies of donor-reactive
IEN-y-producing cells (P < 0.001 and P = 0.035). Th-1
immune response was also higher at 7 days compared
to 28 days in the BN group (Fig. 2¢).

Donor-specific antibodies’ detection

Xenoreactive antibodies of the IgM type were signifi-
cantly higher at Day 7 after transplant in the BN group
compared to RNU (37.6 4+ 6.5 vs. 5.8 + 0.7 mean fluo-
rescence, P = 0.039). Increase in IgG serum level was
also significantly higher in the BN group after 28 days
(22.4 + 3.8 vs. 6.9 + 1.6 mean fluorescence, P = 0.011)
(Fig. 2d).
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Infiltration of S100A4-positive cells associated with
cartilage damages in the bronchial graft

Infiltration of S100A4+ cells in the bronchial wall was
higher in BN animals compared to RNU after 28 days,
especially in the cartilage area (respectively, 2.8 £ 0.5 vs.
1.3 + 0.8 S100A4-staining score, P = 0.006). In the
mucosal and submucosal areas, there was a trend for a
higher infiltration of S100A4+ cells in the BN group
(P =0.069 and 0.058, respectively) (Fig. 3). Cartilage
areas were preserved in all animals on Day 7 after trans-
plantation, with a trend to a cellular infiltration of the
smooth borderline in immunocompetent animals at that
time (data not shown). Signs of cartilage destruction were
observed in the BN group at Day 28, ranged from small
areas of invasion to complete destruction of the trans-
planted cartilage. The cells invading the cartilage, as well
as cells surrounding the cartilage area, were positive for
the S100A4 protein. Damaged cartilage areas were par-
tially replaced by connective tissue cells. The RNU group
had a lower score of cartilage damages compared to BN
after 28 days. Most of bronchial cartilages from RNU ani-
mals were completely preserved at that time (Fig. 4).

Infiltration of S100A4-positive cells in cartilage
transplantation

Similarly, we observed that the cartilage smooth border-
line was preserved on more than 70% of the cartilage
circumference among RNU 28 days after subcutaneous
cartilage transplant. BN rats showed a higher rate of
cartilage damages (16.6% =+ 11.3% vs. 40.2% + 13.2%
for invasion grade, P < 0.01; and 1.8% =+ 1.2% vs.
35.6% =+ 18.2% for infiltration grade, P < 0.01). The
cells attaching and invading the damaged cartilages were
highly positive for S100A4 protein. Multiple areas of
infiltration associated with remodeling of the cartilage
matrix were observed at a similar rate on right and left
sides of BN recipients (respectively, 39.2% =+ 13.9% vs.
41.1% =+ 12.8%  for  invasion, P =0.91; and
33.7% =+ 18.6% vs. 37.6% =+ 18.6% for Iinfiltration,
P =0.85) (Fig. 5).

T-cell-mediated expression of S100A4 protein in
human fibroblasts

In vitro expression of S100A4 protein in human fibrob-
lasts was observed with or without T-cell stimulation.
MNCs were isolated from rats and from human blood.
The mean fluorescence intensity from each sample was
normalized by the intensity measured on native human
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Figure 2 * and # explain significant difference between BN and RNU groups with a P value <0.05 and <0.01 respectively. /n vivo immune acti-
vation after transplantation. (a) Infiltration of CD3- and CD68-positive cells revealed by immunofluorescence staining in Brown Norway (BN) and
nude (RNU) models and in human bronchiolitis obliterans syndrome (BOS). (b) Quantification of CD3 and CD68 cells among the cellular population
of the bronchial wall (CD3/DAPI and CD68/DAPI ratios). (c) Th1 immune response at seven and 28 days after transplant in BN and RNU models. (d)
Donor-specific antibodies (DSA) in the peripheral blood at Day 7 (IgM) and Day 28 (IgG) in both groups.
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Figure 3 Infiltration of ST00A4-positive cells in the wall of bronchial allografts. The bronchial wall was divided into mucosal, submucosal, and
cartilage areas. Bronchial graft infiltration by S100A4-positive cells (black arrows) was higher in Brown Norway (BN),g compared to nude
(RNU,g), especially in the cartilage area. * explains significant difference of ST00A4 infiltration between BN,g and RNU,g with a P value<0.05
(immunohistochemistry staining for human S100A4 protein, x50).
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Figure 4 Cartilage damages of the bronchial allograft in the Brown Norway (BN) and nude (RNU) models. The smooth borderline of the carti-
lage was analyzed and reported either respected (stage CO) or invaded (stage C1, black arrows). Complete infiltration of the cartilage area
associated with partial or complete destruction of the cartilage defined stage C2. For each sample, the maximum score was recorded for semi-
quantification of cartilage damages. The cartilage damages were more severe in BN than in RNU and also more important at 28 days com-
pared to seven days. C means cartilage. * explains significant difference in cartilage damages between BN,g and RNU,g with a P value<0.05
(immunohistochemistry staining for human S100A4 protein, x50).

fibroblasts without MNCs. After addition of MNC from  slides of human fibroblasts pooled with MNCs from BN
RNU lacking T cells, SI00A4 expression highlighted by  rats (respectively, 2.4 £+ 0.1 vs. 2.9 & 0.1 fluorescence
immunofluorescence was lower compared to culture intensity, P = 0.005). Similarly, stimulation of fibroblasts

Transplant International 2016; 29: 1337-1348 1343
© 2016 Steunstichting ESOT



Guihaire et al.

Preserved

Invaded

Infiltrated

R = Preserved
= 08 == Infiltrated
o == Invaded
T 064
S
=]
& 0.4
]
T 0.2
(&

0.0 T T T T

o LS o X
& & & ¢

Figure 5 Damages of the cartilage borderline at 28 days after subcutaneous transplantation in rats. The black arrows show invasion of the
human cartilage by S100A4-positive cells (red staining). The cartilage was mainly preserved among nude (RNU) animals whereas it was either
invaded or infiltrated in Brown Norway (BN) rats. Loss of cartilage architecture was observed in case of major infiltration of the graft in BN rats
(black dots) (immunohistochemistry staining for human S100A4 protein, x50 on the upper line, x400 on the lower line).

by human MNCs lacking CD3+ cells resulted in a signifi-
cantly lower mean fluorescence intensity compared to
stimulation with nondepleted MNCs (2.7 £ 0.1 vs.
4.3 £ 0.2 fluorescence intensity, P < 0.001) (Fig. 6).
Characterization by flow cytometry of human CD3-
depleted MNC:s is displayed in Figure S3.

We report a new xenograft animal model reproducing
the characteristics of OB. The main findings of this
study are twofold. First, S100A4 protein is highly
expressed in the lesions of OAD observed in trans-
planted rats and is associated with cartilage damages of
the bronchial xenograft. Second, we show that the
expression of S100A4 in human fibroblasts is stimulated
by T cells both in vitro and in vivo.

Human OB is a primary disease of distal bronchi after
LTx. To be close to this pulmonary obstructive physiol-
ogy, we chose to transplant a human distal bronchus
rather than doing the classic model of orthotopic tracheal
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transplant between rats. Fibroproliferative lesions narrow-
ing the bronchial lumen were observed in our model
after 28 days. This model may reproduce the pathogene-
sis of the human OB with the immunological limitation
of interspecies cross-reactivity. However, anti-human-spe-
cific antibodies are not present in immunocompetent
rats. In the present study, immunocompetent animals
showed a higher degree of luminal xenograft obliteration
compared to nude rats. The orthotopic tracheal trans-
plantation was preferred to the heterotopic model to pre-
serve the airflow continuity of the bronchial graft. Our
group previously demonstrated the advantages of the
orthotopic tracheal preclinical model compared to the
heterotopic model in rats [13,14]. As inhaled drug
administration is possible, this model may be useful to
investigate inhaled immunosuppressant therapy as well as
innovative therapy targeting post-transplant airway dis-
ease. Moreover, we presume that our histological findings
are close to human features of OB because we used a
human xenograft. We found a significant infiltration of
lymphocytes and macrophages on Day 28 in the

Transplant International 2016; 29: 1337-1348
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bronchial graft of the BN group associated with a stron-
ger Th-1 immune response as well as the presence of
donor-specific antibodies (DSA). Although the epitope
targets of these DSA are unknown, the increase in host
humoral and cellular responses suggests an immune-
mediated process for the OAD observed in our study. All
of these experimental findings support evidence for using
this preclinical xenotransplant model to further investi-
gate the pathophysiology and response to therapy of the
human OB.

Moreover, we observed a significantly higher
amount of S100A4+ cells in the bronchial graft of
rats that developed OAD after transplantation. As all
donors were free from pulmonary fibrosis, we hypoth-

esized that the expression of S100A4 was not

Transplant International 2016; 29: 1337-1348
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S100A4 Merged

Figure 6 In vitro expression of ST00A4 protein in human fibroblasts. Immunofluorescence intensity of ST00A4 protein expressed in human
fibroblasts in response to mononuclear cells (MNCs) stimulation is normalized with the basal intensity produced by native human fibroblasts.
The expression of ST00A4 protein was higher in response to stimulation by MNCs including T cells, both in rat and human experiments (im-
munofluorescence staining for human S100A4 protein, x400).

influenced by transmitted fibrotic lesions. Yousem
et al. [7] first observed that heart-lung transplant
recipients with BOS had a significant increase of den-
dritic cells expressing S100 proteins in the epithelial
layer of the airway conduct. Our findings are also in
accordance with a recent report from the Toronto’s
group suggesting that the family of S100 proteins
detected in the fluid after bronchoalveolar lavage may
help to discriminate the different subtypes of CLAD
[8]. To our knowledge, we report for the first time
that S100A4 is highly expressed experimentally in
OAD lesions. Furthermore,
pected histological characteristic associated with OAD
in our model. The S100A4+ cells partially or com-
pletely engulfed the cartilage areas of the bronchial

we observed a nonex-
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graft 4 weeks after transplantation. The S100A4 pro-
tein has previously been established as a regulator of
metalloproteinases and cytoskeleton activities in solid
malignancies, including lung [10,15-18].
Recently, Stewart et al. [10] reported in vitro experi-
ments showing that S100A4 blockage is associated
with reduced proliferation and decreased invasion in
a large panel of lung cancer cell lines. The authors
used niclosamide, a well-known antihelminthic agent, to
inhibit S100A4 signaling with promising results. Li and col-
leagues also demonstrated that S100A4 protein mediates
macrophage recruitment and chemotaxis in vivo [19]. The
S100A4 protein is upregulated in tissues exposed to chronic
inflammation and may promote the progression of arthritis
through cartilage destruction [20]. The S100A4 protein is
absent in normal lung tissues and is expressed by a median
of 15% (0-48%) of normal epithelial cells in the lung of
stable transplanted patients [21]. In a model of pulmonary
fibrosis, most of S100A4+ fibroblasts involved in the
disease derived from the epithelial lineage via the
epithelial-mesenchymal transition (EMT) [22]. By its
interactions with cytoskeleton components, S100A4 is one
of the main proteins supposed to promote the EMT. The
cross talk between epithelial cells and stromal fibroblasts
has been implicated in the pathogenesis of OB after
LTx, and S100A4 might be associated with abnormal
wound repair after epithelial injury [23]. The cartilage
injuries were only observed in immunocompetent animals
on Day 28 after transplantation in the present study,
suggesting that the destructive capability of SI00A4+ cells
was mediated by T cells. This hypothesis was confirmed by
our in vitro experiments. The S100A4 protein was more
expressed in human fibroblasts secondary to the stimula-
tion by rat or human MNCs, than in fibroblasts exposed to
MNCs depleted of CD3+ cells. The S100A4 protein has
also been demonstrated to be a marker of T-cell-mediated
EMT in chronic allograft rejection after liver and kidney
transplantations [24,25]. In our BN model, the physiologi-
cal respiratory epithelium was absent in animals showing
a high rate of S100A4+ cells inside the bronchial wall
after 28 days. Airway epithelium is actually known to play
an important role in OB development after LTx [26]. The
precise mechanism by which repeated epithelial injuries
lead to aberrant wound repair is unknown. The lower
quality of bronchial wound healing however contributes to
the development of EMT, and OB may play a key role
in late allograft dysfunction in the setting of solid organ
transplant. Upregulation of mesenchymal proteins such as
fibronectin, vimentin, and S100A4 might be associated
with increased cellular motility and extracellular matrix
remodeling during EMT [27]. Our study may further
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provide a rationale to target SI00A4 protein in the setting
of OAD.

Our experimental results also suggest that cartilage
damages after transplantation are potentially mediated
by S100A4-positive cells resulting from the donor lung
and activated by chronic rejection of the allograft. We
cannot exclude that ischemia may in part explain the
cartilage destruction. However, cartilage areas were
preserved in all animals on Day 7, suggesting that any
cellular death related to ischemia occurred early after
tracheal transplantation. As we observed a similar
degree of cartilage lesions on both sides after subcuta-
neous transplant, the isolated transplanted cartilage
might be invaded by S100A4 cells from the contralateral
flank. This long-distance in vivo migration spreading a
cartilage disease has been previously reported by Lefevre
et al. [28]. They observed a similar rate of cartilage
destruction after subcutaneous cotransplantation of
human healthy cartilage together with synovial fibrob-
lasts from patients with rheumatoid arthritis compared
to isolated cartilage transplant [28]. Interestingly,
fibroblasts have also been described as causing cartilage
destruction in granulomatosis with polyangiitis [29].
Hence, a common pathophysiological mechanism might
be responsible for this destruction in several disease
entities. Therefore, SI00A4 may be a potential protein
biomarker of OB after LTx and might help to develop
targeted molecular therapies.
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