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Abstract

The aim of this study was to characterize the evolution of lung function and -structure 

in elastase-induced emphysema in adult mice and the effect of mesenchymal 

stromal cell (MSC) administration on these parameters. Adult mice were treated 

with intratracheal (4.8 units/100 g bodyweight) elastase to induce emphysema. 

MSCs were administered intratracheally or intravenously, before or after elastase 

injection. Lung function measurements, histological and morphometric analysis 

of lung tissue were performed at 3 weeks, 5 and 10 months after elastase and at 

19, 20 and 21 days following MSC administration. Elastase-treated mice showed 

increased dynamic compliance and total lung capacity, and reduced tissue-specifi c 

elastance and forced expiratory fl ows at 3 weeks after elastase, which persisted 

during 10 months follow-up. Histology showed heterogeneous alveolar destruction 

which also persisted during long-term follow-up. Jugular vein injection of MSCs 

before elastase inhibited deterioration of lung function but had no effects on 

histology. Intratracheal MSC treatment did not modify lung function or histology. 

In conclusion, elastase-treated mice displayed persistent characteristics of 

pulmonary emphysema. Jugular vein injection of MSCs prior to elastase reduced 

deterioration of lung function. Intratracheal MSC treatment had no effect on lung 

function or histology. 
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is the most common 
chronic lung disease in adults, characterized by an incompletely revers-
ible airflow limitation, and is associated with high mortality (1) and 
health-care costs (2). Pulmonary emphysema is an important compo-
nent of COPD, and is characterized by alveolar destruction, resulting in 
a reduced alveolar surface area and increased alveolar size (3). Not all 
patients with pulmonary emphysema exhibit airflow limitation, respec-
tively COPD (4), showing that there is a discrepancy between lung func-
tion and histological abnormalities. Oxidative stress, sustained inflam-
mation and protease-antiprotease imbalance (5) are believed to be major 
contributors to the pathogenesis of COPD. To date no curative therapy is 
available, and smoking cessation and domiciliary oxygen supplementa-
tion only prolong survival in a small subset of patients with resting PaO2 

< 60 mmHg (6).
Mesenchymal stromal cells have recently emerged as a successful, 

cell-based therapy in a variety of models of lung disease, such as hyper-
oxia (7), bleomycin (8) and endotoxin-induced lung injury (9). MSCs are 
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multipotent stromal cells that have the ability to self-
renew. The hypothesis for the mechanism underlying 
the beneficial effects of MSC treatment has shifted 
from engraftment and differentiation of MSCs in the 
target organ towards the effects of paracrine factors 
produced by these MSCs (10). Levels of engraftment 
below 1% were found in several studies (11–14). 

Th us, it is highly unlikely that engraftment is respon-
sible for the favourable eff ects of MSCs in various mod-
els of lung injury (11,15–17). MSC have been shown to 
inhibit apoptosis (18) and secrete anti-infl ammatory 
mediators (19) and growth factors, such as epidermal 
growth factor (20) and hepatocyte growth factor (21). 
It has been shown that the intravenous infusion of con-
ditioned medium, derived from MSCs, prevents LPS-
induced lung injury, supporting that MSCs exert their 
eff ect via paracrine signalling (22). 

Katsha et al. have shown that treatment with MSCs 
improves histological and morphometrical outcome 
in a low dose elastase-induced emphysema model (1 
Unit/100 gram bodyweight) and decreases inflam-
matory cytokine levels (23). Also Cruz et al. have 
shown that injection of bone marrow mononuclear 
cells (BMNCs) improves histological and morpho-
metrical outcome in a low dose (4 times 0.4 Units/100 
gram bodyweight) elastase model (24). Based on the 
results of MSC treatment in different animal models, 
a phase II-trial of intravenous mesenchymal stem 
cell infusion in COPD patients was started in 2008. 
The interim report of this study stated that, although 
this treatment was safe and reduced C-reactive pro-
tein levels, lung function in these patients did not 
improve (25). 

Th e absence of an improvement in lung function 
suggests that MSCs did not repair the structural defect 
(26). Since these human trial fi ndings were not in line 
with the aforementioned animal studies (23,24), the 
question arises whether the animal models may not 
mimic human COPD, and that a better response to 
MSC is seen because of a lower level of lung damage. 
One possibility is that the elastase dose had been too 
low to cause the desired level of alveolar damage. We, 
therefore, examined the eff ects of MSC treatment in 
a mouse model of emphysema, using a relatively high 
dose of elastase (4.8 Units / 100 gram bodyweight). 
Because some previous studies (24,25) used an intra-
venous route of MSC administration, yet others (23)
used intratracheal delivery, we tested both methods of 
administration of MSCs, aiming at either prevention or 
repair of lung injury. 

Methods

Animals
All animals were obtained from Charles River 
(St. Constant, Quebec, Canada). Animal studies were 
conducted according to the criteria established by the 
Canadian Council for Animal Care and approved by the 

Animal Care and Use Committee of the Hospital for 
Sick Children, Toronto, ON, Canada. Adult C57/BL6 
mice were used for all experiments described below, 
except for the extraction of MSCs from bone marrow, 
for which 4-week-old C57/BL6 mice were used.

Elastase-induced lung injury
Porcine pancreatic elastase (Type I, aqueous suspen-
sion, ≥4.0 units/mg protein, Calbiochem, EMD biosci-
ences USA) was dissolved in sterile saline to create a 
total volume for injection of 100 μL per mouse, with a 
concentration of 4.8 Units/100 g bodyweight, a dosage 
used previously (27–29). Animals were anesthetized 
with 3% isofl urane and ip administration of 75 mg/kg 
ketamine (75 mg/kg) and 5 mg/kg xylazine (5 mg/kg).  
Following induction of anesthesia, a 25 G intubation 
tube was inserted past the vocal cords, and 100 μL of 
elastase was injected into the trachea. Control animals 
were treated similarly, but received sterile saline instead 
of elastase. 

Mesenchymal stromal cell extraction and characterization
Bone marrow was collected from 4-week-old C57/BL6 
mice. Mice were sacrifi ced by cervical dislocation, and 
the tibia and femur removed, from which the bone 
marrow was extracted by fl ushing through Dulbecco’s 
Modifi ed Eagle Medium (DMEM). Th e suspension was 
fi ltered using a 70-μm sterile fi lter before being cultured 
using StemXVivo Mesenchymal Stem Cell expansion 
medium (R&D systems, Minneapolis, USA) according 
to a modifi ed protocol (30). Mesenchymal stromal cells 
were isolated by plastic adherence, and prior to injec-
tion, passage 8 adherent MSCs were characterized using 
fl ow cytometry. 

MSCs characterized according to the International 
Society of Cellular Th erapy consensus in 2006 must ful-
fi ll the following three criteria: (1) MSC must be adher-
ent to plastic under standard tissue culture conditions; 
(2) MSC must express the cellular markers CD73, CD90 
and CD105, and must not express CD34, CD45, CD14 
or CD11b; and (3) MSC must have the capacity to diff er-
entiate into mesenchymal lineages under in vitro condi-
tions (31). Adherent cells were collected from their cul-
ture fl asks by trypsin digestion and a subset of cells were 
stained with primary conjugated antibodies for CD34, 
CD45, CD73, CD105 and Sca-1 (Miltenyi Biotec, Ber-
gisch Gladbach, Germany) according to manufacturer’s 
protocol. Expression of the above mentioned markers 
was characterized using a Gallios fl ow cytometer (Beck-
man Coultier, Mississauga, Canada). 

A diff erentiation assay was performed on passage 8 
MSCs to test their multi-lineage diff erentiation capacity. 
According to a protocol by Lama et al. (32), MSCs were 
cultured in diff erent media to obtain adipogenic, chon-
drogenic, and osteogenic diff erentiation. Adipogenic: 
DMEM + 1 μM dexamethasone + 10 μM insulin + 200 
μM indomethacin + 0.5 mM isobutyl-methyl xanthine. 
Chondrogenic: DMEM + 10 ng/mL TFG-β1. Osteogenic: 
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DMEM + 100 nM dexamethasone + 10 mM beta-glyc-
erophosphate + 0.05 mM ascorbic acid-2-phosphate. 
Histological staining for adipocytes (Oil-red stain), 
osteoblasts (Von Kossa stain) and chondrocytes (Alcian 
Blue stain) were performed according to a previously 
published protocol (32). 

Mesenchymal stromal cell administration
MSCs were dissolved in plasmalyte (Baxter, Mississauga, 
Canada) at a concentration of 500,000 cells per 200 μL 
for intratracheal instillation and at a concentration of 
100,000 cells per 100 μL jugular vein injection. 

Intratracheal instillation of MSCs
Animals were anesthetized with 3% isoflurane and 
ip administration of 75 mg/kg ketamine (75 mg/kg) 
and 5 mg/kg xylazine (5 mg/kg).  Following induction 
of anesthesia, a 25 G intubation tube was inserted 
past the vocal cords and 500.000 MSCs suspended in 
200 μL of plasmalyte were injected into the trachea. 
Control animals were treated similarly, but received 
plasmalyte only. To test whether MSCs could pre-
vent elastase-induced lung injury, intratracheal MSC 
installation was performed 24 hours before elastase 
injection in experimental group 1, and 24 hours after 
elastase injection in experimental group 2. To test 
whether MSC’s could repair elastase-induced lung 
injury, intratracheal MSC installation was also per-
formed 21 days after elastase treatment (Figure E1 of 
the online supplement).

Infusion of MSCs via the jugular vein
Animals were anesthetized with 3% isofl urane, which 
was maintained during the entire procedure. Th e jugular 
vein was exposed and 100,000 MSCs suspended in 100 
μL plasmalyte were slowly infused. Pressure was applied 
on the jugular vein until bleeding ceased, the wound was 
sutured and the animals were allowed to recover. Jugu-
lar vein MSC infusion was performed 30 minutes before 
intratracheal elastase injection. 

Lung function measurements 
At multiple time points (Figure E1 of the online supple-
ment) following the instillation of elastase and/or MSC 
treatment, unrestrained whole body plethysmography 
(Buxco Research Systems, Wilmington, NC, USA) was 
used to measure breathing frequency, tidal volume and 
minute volume. Afterwards the Flexivent rodent venti-
lator (Scireq, Montreal, Canada) was used to invasively 
assess lung function (described in detail in the online 
supplement) following a protocol previously published 
(33). 

Bronchoalveolar lavage
A subset of mice was used to obtain BAL samples only.
Immediately after sacrifi cing the animal, the lungs were 
lavaged at 6 hours, and 1–5, 8, 14 and 21 days after 
elastase injection through a separate endotracheal tube 

with 3 × 600 μL sterile saline, followed by withdrawal 
(34,35). Th e collected pooled aliquots were centrifuged 
at 1400 g for 8 minutes. Th e supernatant was collected 
for cytokine analysis.

Measuring cytokines
Cytokines were measured in BAL fl uid using xMAP 
technology on a Luminex 200 (Luminex Corporation, 
Austin, Texas, USA) using a milliplex kit from EMD 
Millipore Corporation (Billerica, Massachusetts, USA) 
according to the manufacturers protocol. Th e following 
analytes were measured: IL-1β, IL-6, IL-10, IL-13, MCP-
1, TNF-α, KC, GM-CSF.

Histology of the lungs
Following lung function measurements histology was 
performed as described in the online supplement.

Statistics
All values are presented as mean ± standard error of the 
mean when normally distributed (Sigmaplot version 11 
for Windows). Diff erences were assessed by Student’s 
t-test or, for comparison of more than two groups, by 
one-way analysis of variance, followed by Tukey HSD 
comparison test. p-values below 0.05 were considered 
signifi cant.

Results

Elastase-induced alveolar injury
Elastase-treated mice showed signifi cant decreases 
in resistance and tissue-specifi c elastance, and sig-
nifi cant increases in dynamic compliance, total lung 
capacity and static compliance when compared to 
saline-treated mice. Forced expiration measurements 
revealed a signifi cant increase in forced vital capacity 
and a signifi cant decrease in mean forced expiratory 
fl ow in elastase-treated mice (Figure 1, Table E1 of the 
online supplement). At 5 months and 10 months after 
elastase instillation, the increase in dynamic compli-
ance and FVC, as well as the decrease in tissue-specifi c 
elastance and forced expiratory fl ows seen at 3 weeks 
after elastase had persisted (Figure 2, Table E2 of the 
online supplement). 

No signifi cant changes in plethysmographic lung 
function parameters were found when compared to 
saline-treated controls (Table E2 of the online supple-
ment). Histology at 21 days after elastase showed a 
heterogeneous pattern of alveolar destruction with 
enlarged airspaces. Th is was refl ected in a signifi cant 
increase in mean linear intercept and a reduced alveolar 
number. No signifi cant change in radial alveolar count 
was detected. Histological analysis of lungs at 5 and 10 
months after elastase treatment revealed a persistent, 
heterogeneous pattern of enlarged airspaces and an 
increased mean linear intercept (Figure 3). 

Elastin staining at 21 days after elastase administration 
showed a disorganized pattern of elastin distribution in 
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Figure 1.  Lung function measurements 21 days after elastase instillation (n = 30) and in saline controls (n = 25). Data are expressed as mean ± SEM. * = p < 0.05.

Figure 2. Lung function measurements during long-term follow-up of elastase-treated mice (n = 30 for 21 days. n = 5 for 5 and 10 months) and saline controls (n = 25 for 
21 days. n = 5 for 5 and 10 months). Data are expressed as mean ± SEM. * = p < 0.05. ** = p < 0.01.

elastase-treated mice compared to controls. No signifi -
cant diff erence in elastin content per total tissue area 
was observed (Figure 4). Histological slides of elastase-
treated mice showed infl ux of infl ammatory cells, and 
cytokine levels in BAL fl uid showed a transient increase 
in IL-6, keratinocyte-derived-chemokine (KC) and 
MCP-1 levels at day 2 after elastase injection. Cytokine 
levels returned to baseline at day 3 and remained sta-
ble for the follow up period of 3 weeks. Levels of IL-1β, 

IL-10, IL-13 and GM-CSF were below the detectable 
range (Figure 5, Table E3 of the online supplement).

Mesenchymal stromal cell characterization
Passage 8-adherent bone marrow stromal cells were charac-
terized by diff erentiation assay and showed diff erentiation 
into adipocytes, chrondrocytes and cartilage. Flow cytom-
etry revealed that a subset of bone marrow cells was posi-
tive for CD105 (28.2%), CD73 (28.8%), CD90 (69.2%) and 
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Figure 3. Representative histological sections of saline-controls (A), elastase-treated mice 21 days after injection (B) and elastase-treated mice 10 months after elastase 
injection (C). Sections were stained with hematoxylin and eosin. Morphometry results (D) are expressed as mean ± SEM for both control and elastase-treated group for mean 
linear intercept (n = 35), radial alveolar counts (n = 6), and alveolar number (n = 4). Morphometry results for 5 and 10 months of recovery in room-air (E) are expressed as 
mean ± SEM for mean linear intercept (n = 5). * = p < 0.05 ** = p < 0.001.

Figure 4. Hart’s Elastin stain of histological slides of the lungs of saline-treated (A) and elastase-treated mice (B) 21 days after injection. Morphometry shows the 
quantifi cation of the elastin content when adjusted for total tissue area (C). All morphometrical data is expressed as mean ± SEM, n = 5 for control and elastase-treated 
mice. # = p < 0.05.

Sca-1 (99.5%) and negative for CD34 (0%) and CD45 (0%) 
(Figure E2 of the online supplement).

Intratracheal MSC instillation
Intratracheal instillation of 5 × 105 of MSCs at 24 hours 
before, and at 24 hours or 21 days after elastase treat-
ment had no eff ect on lung function or histology per-
formed 21 days after MSC injection (Figure E3, Table E4 
of the online supplement).

Intravenous MSC infusion
Infusion of 105 MSCs 30 minutes before intratracheal 
instillation of elastase ameliorated the increase in 
dynamic compliance and tissue-specifi c elastance in 
elastase-treated animals compared to controls (Figure 6, 
Table E4 of the online supplement). Intravenous MSC 

infusion had no eff ect on histology or morphometry 
(Figure E3 of the online supplement).

Discussion

In this study, we induced pulmonary emphysema in 
adult mice by tracheal instillation of a relatively high 
dose of elastase. Th ree weeks after elastase administra-
tion we found evidence of histological abnormalities and 
obstructive lung function, characteristic of pulmonary 
emphysema. Th e structural and functional changes per-
sisted up to 10 months and were not aff ected by intra-
tracheal administration of MSC prior or after the injury. 
Jugular vein MSC treatment before elastase injection 
showed an improvement in lung function but no change 
in histology.
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Figure 5. Measurement of cytokine levels in BAL fl uid after elastase injection show a signifi cant increase in MCP-1 levels at day 2 after elastase injection and a signifi cant 
increase in IL-6 and KC levels at day 2 and 3 after elastase injection. Results represent a total of 4 mice per group for all time-points. * = p < 0.05.

Figure 6. Lung function measurements 21 days after elastase instillation (n = 5), elastase instillation + jugular vein MSC injection (n = 4) and in saline controls (n = 4). 
Data are expressed as mean ± SEM. ** = p < 0.05.

Intratracheal instillation of elastase resulted in 
increased dynamic compliance, total lung capacity, FVC 
and decreased tissue-specifi c elastance and forced expir-
atory fl ows 3 weeks after elastase injection. Th ese results 

agree with earlier fi ndings at 3 weeks after elastase injec-
tion (36–38) and  are likely due to a loss of elastin and 
disruption of the integrity of the alveolar wall with loss 
of alveolar attachments. Indeed, we observed extensive 
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alveolar damage. Hart’s staining on lung tissue showed a 
disorganized elastin deposition after elastase treatment. 
Disorganisation of elastin fi bers and loss of alveolar 
attachments reduces elastic recoil of the lung. Th is is 
likely to contribute to the decreases in forced expiratory 
fl ows, as well as to the static hyperinfl ation. 

Loss of structural integrity of the peripheral lung with 
disruption of the alveolar walls and loss of alveolar attach-
ments could also be responsible for the increase in total 
lung capacity (TLC). A possible mechanism of increased 
TLC could be air trapping. However, we consider this 
unlikely, because the simultaneous increase in FVC argues 
against substantial air trapping. Note that the forced lung 
function manoeuvres performed in this study diff er from 
those used in clinical setting because we used a negative 
pressure at the tracheal opening, whereas in human sub-
jects the driving force is a positive pressure from the dia-
phragm and thoracic wall. Th is negative pressure could 
lead to earlier airway collapse and more pronounced 
airway obstruction than active forced exhalation.

In the present study, we used both non-invasive and 
invasive lung function measurements. Non-invasive 
measurements are advantageous in longitudinal studies 
in which animals can be repeatedly measured, but the 
overall sensitivity for detecting lung function abnor-
malities appeared lower than that of invasive measure-
ments (39). Th e invasive measurements were more 
robust and sensitive, and accurately refl ected alterations 
in lung mechanics. Th us, the Flexivent method was 
superior for detecting physiological diff erences in lung 
mechanics in mice with elastase-induced lung injury, in 
agreement with earlier fi ndings in hyperoxia-induced 
lung injury (40). Th e main advantage of whole body 
plethysmography is its repeatability. However, de Vlee-
schauwer et al. have recently shown that intubating mice 
for repeated invasive measurements yielded the same 
results as performing a tracheotomy (41) and therefore 
for we consider Flexivent measurements the method of 
choice for future experiments.

To our knowledge, no long-term functional measure-
ments have been performed in the elastase-induced 
mouse model of emphysema. During long term follow-
up, we found no evidence of recovery of lung injury. Th is 
suggests that the elastase model is suitable for interven-
tion studies aimed at tissue repair. Th e repeated use of 
lung function measurements in this model enables us to 
monitor disease progression and treatment effi  cacy in a 
manner that may be relevant to clinical practice. 

Th e fi ndings with the forced expiration measure-
ments do not agree with all other fi ndings refl ecting 
emphysema. We think that this might well be due to the 
smaller number of animals used for the forced expiratory 
measurements, and the relatively large variation within 
the groups. Overall, these measurements suggest that 
forced expiration measurements are less sensitive, with 
a larger variation between animals in the same group, 
then the other lung function measurements obtained 
with the Flexivent system.   

In our emphysema model, intratracheal MSC instal-
lation shortly after elastase injection, aiming to prevent 
lung injury, had no eff ect on lung function or histol-
ogy. We chose the intratracheal route to ensure that 
the injected MSCs came into direct contact with the 
damaged alveolar epithelial layer. Th is intratracheal 
approach was successfully applied in the study by 
Katsha et al. (23). As mentioned before, our elastase 
dose was signifi cantly greater than that of Katsha et 
al., which might account for the diff erence in outcome 
of MSC treatment. We have repeated the intratra-
cheal MSC experiments in a rat model of emphysema 
(elastase dose: 30 Units / 100 g bodyweight) and 5 × 
105 rat bone marrow-derived MSCs (data not shown). 
Th ese experiments also showed no eff ect of intratra-
cheal MSC treatment on lung function, histology and 
morphometry, indicating that our results are repro-
ducible in diff erent species.  

We also administered MSCs intratracheally 21 days 
after elastase injection to induce repair of elastase-
induced lung injury. MSC injection had no eff ect on 
lung function or histology. Th e discrepancy between our 
negative results of repair by MSCs and those of others, 
with long-lasting low grade infl ammation in a low-dose 
elastase model and eff ects of intratracheal MSC injec-
tion shortly after elastase (7,8,20,42), may be due to the 
absence of a persisting infl ammatory component in 
our emphysema model. Since MSCs have been shown 
to possess anti-infl ammatory properties, administering 
them 21 days after elastase injection, when cytokine 
levels had normalized, might reduce their ability to exert 
positive eff ects on lung function and histology. 

COPD has been shown to possess a large vascular 
disease component (48). CT images of COPD patients 
show a decrease in small pulmonary vessels, even in 
smokers with mild emphysema (49). Compared to non-
smokers, COPD patients show increased invasion of 
infl ammatory cells in the vascular adventitial layer (50). 
Th e extent of pulmonary vascular remodelling  directly 
correlates with the severity of the endothelial infl am-
mation (51). Intravenous injection of MSCs creates a 
systemic anti-infl ammatory response via the systemic 
circulation on the endothelial surface of the pulmonary 
vasculature. Th us, the anti-infl ammatory milieu on the 
endothelial side produced by MSCs injected via the 
jugular vein could decrease the vascular infl ammation 
shown to be present in the elastase-induced emphysema 
model (52). Th ere is a large body of work suggesting that 
MSC intervention using the endothelial route, either via 
the dorsal penile vein (43) or via the tail vein (8,19,44) 
could be successful in improving elastase-induced 
emphysema, thereby improving lung function. We used 
the jugular vein infusion method to infuse the cells clos-
est to the pulmonary vasculature. Jugular vein infusion 
of 105 MSCs just prior to elastase installation to prevent 
elastase-induced lung injury signifi cantly improved lung 
function in elastase-treated mice, while histology did 
not improve. Another possible explanation is that MSCs 



Mesenchymal stromal cell treatment in emphysema 317

www.copdjournal.com

may have improved surfactant production or activity. 
It is well known that alveolar infl ammation decreases 
surfactant production and activity (45–47) and as 
MSCs have an anti-infl ammatory eff ect they may have 
improved surfactant production or activity and thereby 
improved lung function in the absence of histological 
improvement. 

Th is hypothesis is less likely, since intratracheal injec-
tion of MSCs showed no improvement in lung func-
tion. Delivery of MSCs directly into the alveolar spaces 
should generate a local anti-infl ammatory eff ect, thereby 
improving surfactant function. Th is eff ect was not seen 
in the intratracheal injection groups. More work is 
needed to study the underlying mechanism responsible 
for the improvement in lung function after jugular vein 
injection of MSCs. 

In contrast to our work, Cruz et al. showed that intra-
venous injection of bone marrow mononuclear cells 
3 hours after elastase injection decreased infl ammatory 
parameters, but also improved histology and morphom-
etry (24). Unfortunately, they did not measure lung 
function. Th e main diff erence in methodology between 
our study and the study of Cruz et al. is that they used 
a much lower dose of elastase, resulting in less alveolar 
enlargement, as measured by a MLI score of 68.5 com-
pared to our MLI score of 128. Th e diff erence in alveolar 
destruction severity might account for the diff erence in 
treatment outcome, with our higher elastase dose sur-
passing the injury threshold for an eff ect of MSC treat-
ment on histology and morphometry.

A major limitation of our study is the diff erence in 
timing of intravenous and intracheal MSC injection, 
which invalidates comparison of the two interventions in 
the present study. Future studies are needed to examine 
whether the intravenous route might be benefi cial after 
elastase. Another limitation is the diff erent cell numbers 
used for intratracheal MSC injections when compared 
to jugular vein MSC injections. Unfortunately, we were 
limited in the number of cells for jugular vein injection 
because of 100% injection-induced mortality when using 
higher doses, as used for intratracheal MSC injections.

Conclusion

Our results demonstrate that MSC injection via the 
jugular vein just before elastase prevented lung function 
changes after elastase treatment. Intratracheal adminis-
tration 24 hours before and 24 hours after elastase injec-
tion did not prevent lung function changes. Th e severity 
of elastase-induced lung injury may be an important 
determinant of the eff ect of MSC treatment.
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