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24 SUMMARY:
25  Presented here is a step-by-step procedure to induce acute lung injury in mice by direct
26  intratracheal lipopolysaccharide instillation and to perform FACS analysis of blood samples,
27  bronchoalveolar lavage fluid, and lung tissue. Minimal invasiveness, simple handling, good
28 reproducibility, and titration of disease severity are advantages of this approach.
29
30 ABSTRACT:
31  Airway administration of lipopolysaccharide (LPS) is a common way to study pulmonary
32 inflammation and acute lung injury (ALI) in small animal models. Various approaches have
33  been described, such as the inhalation of aerosolized LPS as well as nasal or intratracheal
34  instillation. The presented protocol describes a detailed step-by-step procedure to induce
35 ALl in mice by direct intratracheal LPS instillation and perform FACS analysis of blood
36 samples, bronchoalveolar lavage (BAL) fluid, and lung tissue. After intraperitoneal sedation,
37 thetrachea is exposed and LPS is administered via a 22 G venous catheter. A robust and
38 reproducible inflammatory reaction with leukocyte invasion, upregulation of
39 proinflammatory cytokines, and disruption of the alveolo-capillary barrier is induced within
40 hoursto days, depending on the LPS dosage used. Collection of blood samples, BAL fluid,
41  and lung harvesting, as well as the processing for FACS analysis, are described in detail in the
42  protocol. Although the use of the sterile LPS is not suitable to study pharmacologic
43  interventions in infectious diseases, the described approach offers minimal invasiveness,
44  simple handling, and good reproducibility to answer mechanistic immunological questions.
45  Furthermore, dose titration as well as the use of alternative LPS preparations or mouse
46  strains allow modulation of the clinical effects, which can exhibit different degrees of ALI
47  severity or early vs. late onset of disease symptoms.
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INTRODUCTION:

Experimental animal models are indispensable in basic immune research. Administration of
whole bacteria or microbial components has been frequently used in small animal models to
induce local or systemic inflammation?. Lipopolysaccharide (LPS, or bacterial endotoxin) is a
cell wall component and surface antigen of gram-negative bacteria (e.g.,
Enterobacteriaceae, Pseudomonas spp., or Legionella spp.). The thermostable and large
molecule (molecular weight 1-4 x 10° kDa) consists of a lipid moiety (Lipid A), core region
(oligosaccharide), and an O polysaccharide (or O antigen). Lipid A, with its hydrophobic fatty
acid chains, anchors the molecule into a bacterial membrane and mediates (upon
degradation of bacteria) the immunological activity and toxicity of LPS. Following binding to
the LPS binding protein (LBP), LPS:LBP complexes ligate the CD14/TLR4/MD2 receptor
complex located on the surface of many cell types, inducing a strong proinflammatory
reaction with NF-kB nuclear translocation and subsequent upregulation of cytokine
expression?.

Acute lung injury (ALl) is defined as acute hypoxemic respiratory failure with bilateral
pulmonary edema in the absence of heart failure3. Airway administration of LPS is a
common way to induce pulmonary inflammation and ALI*”. Although the sterile substance
is not suitable to study pharmacologic interventions in infectious diseases, mechanistic
immunological questions may be answered with adequate precision. Instillation of LPS into
the trachea induces a robust inflammatory reaction with leukocyte invasion, upregulation of
proinflammatory cytokines, and disruption of the alveolo-capillary barrier within hours to
days, depending on the LPS dosage®®’.

The presented protocol describes a detailed step-by-step procedure to induce ALl in mice by
intratracheal LPS instillation. The model has been validated by assessing cytokine
expression, neutrophil granulocyte invasion, and intra-alveolar albumin leakage as
previously described?®.

PROTOCOL:

This animal protocol was approved by the local committee for animal care (LANUV,
Recklinghausen, Germany; protocol no. 84-02.04.2015) and was performed in accordance
with the National Institutes of Health guidelines for the use of live animals (NIH publication
No. 85-23, revised 1996).

1. ALl induction

1.1. Use adult female C57BL/6 mice at ages of about 10-12 weeks. House the animals in
individually ventilated cages with free access to water and standard rodent chow. However,
it is possible to perform this approach on younger animals and with other mice strains.

1.2. Store LPS (Escherichia coli 0111:B4) in aliquots in concentrations of 100 pg/mL at -20
°C. For intratracheal instillation, dilute LPS in sterile phosphate-buffered saline (PBS) to a
final concentration of 2,000 pg/mL.
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1.3. Weigh the mouse. Inject ketamine [120 mg/kg mouse bodyweight (BW)] and xylazine
(16 mg/kg BW) intraperitoneally (lower one-third of the abdomen, paramedian), and wait
until the onset of anesthesia.

1.4. Check the depth of anesthesia by inducing a tactile stimulus. In case of insufficient
anesthesia, repeat the injection with ketamine (30 mg/kg BW) and xylazine (4 mg/kg BW).

1.5. Place the mouse in prone position on a temperature-controlled table to maintain a
body temperature of 37 °C.

1.6. Apply sterile ophthalmic lubricant to prevent desiccation of corneas under anesthesia.

1.7. Lift the head and hook incisors on a horizontal bar positioned approximately 5 cm
above the table while the forepaws remain in close contact with the table. Super-extend the
neck in a 90° angle relative to the table (Figure 1). Hold the tongue with forceps to
straighten the throat for easier intubation conditions.

1.8. Cut a 22 gauge (G) venous catheter to a length of 20 mm. Gently insert the catheter in
the vertical direction along the tongue’s root. Place a cold-light source on the skin above the
larynx to help visualize the vocal chords and aim for the trachea. If resistance of the larynx
occurs, retract the catheter a few millimeters before advancing again.

1.9. Insert the catheter approximately 10 mm into the trachea. Ensure that the insertion is
not too deep as this will result in unilateral instillation of fluid into the right or left main
bronchus.

1.10. Inject LPS (5 pg/g BW) diluted in PBS [injected volume depends on mouse bodyweight
(e.g., 20 g per 50 pL of LPS solution)].

NOTE: The mouse will typically respond with coughing or gasping to proper instillation of
fluid into the trachea.

1.11. Disconnect the syringe and add a bolus of 50 pL air to assure that complete liquid
volume is distributed in the lungs. Slowly remove the catheter.

1.12. Keep the mouse’s upper body in an upright position for 30 s to avoid leakage of the
fluid from the trachea.

1.13. In sham-operated animals, inject 50 pL of sterile PBS intratracheally instead of LPS.
1.14. Inject buprenorphine hydrochloride 0.08 mg/kg BW subcutaneously into the loose skin
over the neck immediately following ALl induction and every 12 h thereafter, during the first

48 h.

1.15. Maintain a body temperature of 37 °C until full awareness is regained by keeping the
mouse on the warming pad.
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1.16. Transfer the mouse into an individually ventilated cage with free access to food and
water. Monitor the mouse regularly. Decreasing body temperature and respiratory
depression indicates proper induction of ALI.

2. Blood sampling, bronchoalveolar lavage, organ harvesting

NOTE: Timing of euthanization depends on the scientific issue addressed. Usually, it is
performed 12-72 h following LPS instillation®4%1°, Severity of ALl can be determined
clinically by regular observation of body temperature and respiratory distress symptoms?..

2.1. Induce anesthesia by placing the mouse in a chamber flooded with isoflurane. Use 3
vol% isoflurane with an oxygen flow of 1 L/min. Ensure deep narcosis by inducing a tactile
stimulus. In case of insufficient depth of anesthesia, increase isoflurane up to 5 vol%.

2.2. Sacrifice the mouse in deep anesthesia by atlanto-occipital dislocation.

2.3. Fix the mouse with tape on an operation table and shortly disinfect the fur over the
abdomen with 70% ethanol. Open the abdominal cavity carefully in the median line with
scissors and tweezers. Remove parts of the intestine to achieve access to the vena cava
inferior (IVC) right to the vertebral column and the abdominal aorta.

2.4. Locate the kidney veins and insert a bent 23 G canula connected to a 1 mL syringe into
the IVC directly below the confluence of the veins. Aspirate 250 puL of blood and transfer
into a 1 mL tube filled with 20 uL of 0.5 M ethylenediaminetetraacetic acid (EDTA) solution.
Shake gently to facilitate EDTA mixing and put the tube on ice.

2.5. For bronchoalveolar lavage (BAL), prepare three 1 mL syringes with 0.5 mL of sterile PBS
and 0.1 mL of air each. Shortly disinfect the fur of the throat with 70% ethanol and carefully
expose the trachea with scissors and tweezers. Mobilize the trachea and wrap around a
suture.

2.6. Perform BAL: Puncture the trachea using micro-scissors and insert a 22 G venous
catheter cut to a length of 20 mm. Fix the catheter with the suture and instillate 0.5 mL of
sterile PBS and 0.1 mL of air. Aspirate the fluid after 60 s. Repeat the procedure with the
additional two syringes and collect the whole aspirate in a 15 mL tube on ice.

2.7. Carefully open the thorax with scissors and tweezers to harvest the lungs. Cut the
diaphragm along the costal margin and cut through the ribs with two lateral incisions.
Carefully avoid puncturing the lungs. Lift the sternum cranially and fix it.

2.8. Prepare two 10 mL syringes with 37 °C warm PBS (without calcium and magnesium).
Make a small incision into the left ventricle. Puncture the right ventricle with a 26 G canula
and flush the pulmonary circulation with the prewarmed PBS. Be aware of the lungs turning
pale during the procedure.
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2.9. Remove the right lobe of the lungs and cut it in two halves. Snap-freeze them in liquid
nitrogen, followed by long-term storage at -80 °C for further gene expression and protein
analysis.

2.10. Remove the whole left lung and homogenize it in a 48 well plate by mincing the
tissue with scissor and tweezer. Incubate the tissue in 2 mL of RPMI 1640 [with 10% fetal
calf serum (FCS) and 0.1% NaNs, collagenase | (1 mg/mL), and DNase Il (7 mg/mL)] at 37 °C
for 60 min. Perform further homogenization by careful pipetting of the lung tissue pieces up
and down.

3. Tissue preparation for FACS analysis

3.1. Prepare fresh FACS buffer (Table 1): always use calcium- and magnesium-free PBS to
reduce cation-dependent cell-to-cell adhesion and prevent clumping. Supplement with FCS
(1%) to protect cells from apoptosis, prevent non-specific staining, and prevent cells from
sticking to the FACS tubes. Include EDTA (0.5 mM) to prevent cation-based cell-to-cell
adhesion when working with sticky and adherent cells like macrophages. Add sodium azide
(0.1%), as it prevents bacterial contamination and photobleaching of fluorochromes and
blocks antibody shedding.

3.2. Transfer the blood samples (step 2.4) into 5 mL FACS tubes and gently mix the blood
with 2 mL of red blood cell lysis buffer. Put the tubes on ice and terminate the reaction after
2 min by adding 2 mL of ice-cold PBS. Centrifuge the samples for 5 min at 400 x g and
discard the supernatant. Resuspend the cell pellet with 60 uL of FACS buffer and process for
subsequent FACS staining according to previously described protocols!?.

NOTE: Timing of euthanization of the mouse influences leukocyte count as part of the
systemic inflammation. Therefore, it is recommended to adjust the cell number to 1 x 10°
cells/60 p: in this step to achieve the best staining results for flow cytometry analysis.

3.3. Centrifuge BAL fluid (step 2.6) for 5 min at 400 x g. Aspirate the supernatant and freeze
it in liquid nitrogen, followed by long-term storage at -80 °C for further protein analysis.

Resuspend BAL cell pellet with 2 mL of cold FACS buffer, then transfer the suspension into a
5 mL FACS tube using a 100 um mesh filter to restrain hairs and imperfectly digested tissue.

3.4. Again, centrifuge the sample for 5 min at 400 x g. Resuspend the pellet with 60 pL of
FACS buffer and process for subsequent FACS staining according to previously described
protocols!?.

NOTE: Timing of euthanization of the mouse influences leukocyte count in BAL as part of the
inflammation. Therefore, it is recommended to adjust the cell number to 1 x 10° cells/60 pL
in this step to achieve the best staining results for flow cytometry analysis.

3.5. Transfer the digested left lung tissue (step 2.10) into a 5 mL FACS tube using a 100 plL
mesh filter to extract clumps and terminate the digestion process by adding 2 mL of ice-cold
FACS buffer. Centrifuge the sample for 5 min at 400 x g. Discard the supernatant and
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resuspend the pellet with 60 pL of FACS buffer and process for subsequent FACS staining
according to previously described protocols!?.

NOTE: Timing of euthanization of the mouse influences leukocyte count in lung tissue as
part of the inflammation. Therefore, it is recommended to adjust the cell number to 1 x 10°
cells/60 pL to achieve the best staining results for flow cytometry analysis.

3.6.  For FACS analysis, incubate cells with CD16/CD32 antibody at 4 °C for 15 min to block
non-specific binding of immunoglobulin to the Fc receptors. Add 20 ulL of blocking solution
to 1 x 108 cells in 60 pLin a 5 mL tube.

3.7. Meanwhile, prepare a master mix with FACS buffer and antibodies as described in
Table 2.

3.8.  After blocking, do not wash the cells. Add 20 pL of antibody master mix per sample
to obtain a final volume of 100 pL. Incubate the samples for 20 min in the dark at 4 °C.

3.9.  Wash each sample with 1 mL of FACS buffer and centrifuge for 5 min at 400 x g.
Discard the supernatant and resuspend the pellet with FACS buffer to the appropriate cell
concentration for FACS measurements.

NOTE: A cell number of 1 x 10° cells/500 pL is suggested to achieve the best immune
phenotyping results in FACS analysis with this protocol. However, it is recommended that
antibodies have to be titrated individually.

3.10. If required, add live/dead staining prior to the surface staining using specific
commercially available kits®.

3.11. Finally, add fixed numbers of commercially available fluorochrome-coupled
calibration beads (3 x 10° beads in 20 pL of FACS buffer) to each sample to determine
absolute cell numbers'2. The gating strategy for blood, BAL, and tissue cells is shown in
Figure 2.

REPRESENTATIVE RESULTS:

The described approach to induce ALl in mice was validated by assessing cytokine
expression, neutrophil granulocyte infiltration, and alveolo-capillary barrier disruption 24 h
and 72 h after LPS instillation. PBS-injected animals served as control. Intratracheal LPS
administration induced a robust pulmonary proinflammatory response. Expression of TNF-a
in lung tissue was significantly upregulated, reaching a sustained and more than 50-fold
increase compared to the control animals [RQ (TNF-a/18s); 24 h: 53.7 (SD = 11.6); 72 h: 55.0
(SD =20.6); p < 0.05)] (Figure 3A). Leukocyte invasion into tissue and alveolar space is a
hallmark and characteristic for the development of ALI'3. FACS analysis revealed a significant
infiltration of neutrophil granulocytes (NG) into the lung interstitium, with absolute cell
count having increased almost 9-fold compared to the controls after 24 h [65,243 (SD =
15,855) vs. 7,358 (SD = 4,794), p < 0.05] (Figure 3B). Absolute NG count slightly decreased
after 72 h; however, the factor increases compared to the controls remained stable [48,946
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(SD =5,223) vs. 5,510 (SD = 654), p < 0.05]. Consistent with interstitial NG infiltration, MMP-
9 expression in whole lung tissue was likewise significantly increased over the total
observation period [RQ (MMP-9/18s), 24 h: 7.4 (SD = 1.5); 72 h: 10.4 (SD = 2.0); p < 0.05]
(Figure 3C).

NG were not only increased in the lung tissue but also in the BAL fluid. The fold increase
compared to control animals was more pronounced than in lung tissue, with absolute NG
counts 24 h following ALI induction of 52,005 (SD = 21,906) vs. 1,829 (SD = 1,724) (p < 0.05)
(Figure 3D). After 72 h, NG were increased to 37,254 (SD = 4,478) vs. 17.0 (SD = 10.8) (p <
0.05). Lung edema due to severe impairment of the alveolo-capillary barrier is
pathognomonic for the development of ALI, with LPS rapidly inducing endothelial apoptosis
and increased permeability'*1°. Analysis of albumin content in BAL fluid by ELISA revealed a
significant loss of barrier function. 24 h following LPS instillation, albumin in BAL fluid was 43
ng/mL (SD = 13), compared to 20 ng/mL (SD = 9) under control conditions (p < 0.05) (Figure
3E). After 72 h, in ALl animals, albumin content was 48 ng/mL (SD = 14), compared to 29
ng/mL (SD =9) (p < 0.05).

FIGURE AND TABLE LEGENDS

Figure 1: Schematic diagram of the intubation setting. It should be noted that the mouse’s
neck should be super-extended at a 90° angle relative to the operation table.

Figure 2: FACS gating strategy for blood, BAL, and tissue cells. Exemplary dot blots of FACS
analysis are shown in two-parameter (dual color fluorescence) pseudocolor plots. Gating
strategy for the respective samples is based on single cells. (A) Gating tree for blood cells: a
= dead cells; b = living cells (according to live/dead cell staining; no CD45 staining necessary
as in the blood, high autofluorescence makes the cell populations clearly distinguishable); d
= neutrophil granulocytes; e = monocytes (according to Grl and CD115 staining). (B) Gating
tree for bronchoalveolar lavage (BAL) fluid: a = dead cells; b = living cells (according to
live/dead cell staining); c = CD45* immune cells; d = neutrophil granulocytes; and e =
macrophages (according to Ly6G and F4/80 staining). (C) Gating tree for lung tissue: a =
dead cells; b = living cells (according to live/dead cell staining); c = CD45* immune cells; d =
neutrophil granulocytes; and e = macrophages (according to Ly6G and F4/80 staining).

Figure 3: Validation of murine ALI model against control animals. (A) Expression of TNF-a
in lung tissue of female C57BL/6 mice 24 h and 72 h following intratracheal LPS instillation
(fold change of expression of sham operated animals). (B) FACS analysis of absolute
neutrophil granulocyte count in lung tissue. (C) Expression of MMP-9 in lung tissue (fold
change of expression of sham operated animals). (D) FACS analysis of absolute neutrophil
granulocyte count in bronchoalveolar lavage fluid. (E) Albumin content in BAL fluid [mean +
SD, n =7, Mann-Whitney U test, *p < 0.05 (vs. PBS control)]. This figure has been modified
from Ehrentraut et al.8.

Table 1: Composition of FACS buffer.

Table 2: Preparation of master mix for FACS staining. The table describes master mix
preparation for 10 samples.
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DISCUSSION:

Minimal invasiveness, simple handling, and good reproducibility are key features of the
presented approach to induce ALl in a small rodent model. The use of LPS instead of whole
bacteria in animal models has advantages. It is a stable and pure compound and can be
stored in lyophilized form until use. It is a potent stimulant for innate immune responses via
the TLR4 pathway, and its biological activity may readily be quantified, facilitating the
titration of disease severity with good reproducibility. Moreover, the use of LPS has been
shown to serve as safe model to induce acute bronchitis in human healthy volunteers and
thus allows translation from bench to bedside?®. Rittirsch et al. have demonstrated the
dose- and time-dependent developments of the characteristic alveolo-capillary leakage in a
murine model of intratracheal LPS instillation®. This allows dose titration to achieve certain
desired effects, which can illustrate different degrees of ALl severity or early vs. late onset of
disease symptoms. However, if distinct infectiological or pharmacological issues are to be
addressed (e.g., antibiotic therapy), ALl induced by sterile LPS instillation is not a suitable
model.

Moreover, compared to intrapulmonary or intravenous delivery of bacteria, the disruption
of the alveolo-capillary barrier was described as being rather mild3, questioning the
suitability of this model and whether altered permeability should be investigated
particularly. Correct placement of the catheter to deliver the LPS bilaterally into the lower
respiratory tract is the critical step of the approach. To ensure proper intratracheal
intubation, visualization and identification of the larynx is facilitated by an external cold light
source. Changes in respiratory pattern (e.g., coughing or gasping) verify correct intratracheal
instillation of the fluid.

Moreover, the choice of mouse strain and LPS are crucial for the induction of ALl and
generation of reproducible results in this model and depend on the scientific issue
addressed. According to literature, the dosage administered to elicit a maximum effect with
no further increase with escalating dosages ranges from 10 pg/mouse (when LPS from
Pseudomonas aeruginosa F-D type 1 is injected into female BALB/c mice) to 50 ug/mouse
when injecting E. coli (serotype 0111:B4) LPS (which was also used in the protocol) into
male C57BL/6 mice®°. In general, BALB/c mice are supposed to react sensitively when
challenged with LPS, whereas C57BL/6 mice seem to be more resistant3. Thus, initial dose
titration experiments respecting individual conditions are recommended. This also applies
to the timing of blood, BAL, and organ sampling. Severity of ALl can be determined clinically
by regular observation of body temperature and respiratory distress symptoms.
Furthermore, since mice only share approximately 50% homology of the TLR4 receptor with
humans, careful interpretation of the results is mandatory?3.

Alternatives to the herein presented approach comprise the route of endotoxin
administration to the lungs. As described by Szarka et al., LPS may also be administered via
intranasal instillation®. Liu et al. compared the direct intratracheal deposition with the
inhalation of aerosolized LPS®. Based on their findings, they concluded that the inhalational
route induces a more uniform type of ALI. However, their experiments were performed in
rats with a directed-flow nose-only inhalation and may therefore not necessarily be
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transferred to the herein presented approach. In contrast, mice are often exposed to
aerosolized LPS in a chamber!®. Chamber size, LPS concentration, and the number of mice
treated simultaneously are variables that limit the comparability between different studies
and make an individual model establishment recommendable. Last, intravenous or
intraperitoneal administration of LPS is often used to induce remote ALI*"!8, As the data
from Szarka et al. suggest, the intratracheal instillation seems to be superior to the i.v. or i.p.
route when specific pulmonary inflammatory effects are being addressed®. In conclusion,
the protocol represents a simple and reproducible approach to induce sterile ALl in mice to
address specific immunological issues.
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Table 2

Name of Material/ Equipment

Anti-CD115 (c-fms) APC
Anti-CD11b (M1/70) - FITC
Anti-CD45 (30-F11) - eF450
Anti-F4/80 (BM-8) - PE Cy7
Anti-Grl (RB6-8C5)

Anti-Ly6C (HK1.4) PerCP-Cy5.5
Anti-Ly6G (1A8) APC/Cy7

Click here to access/download;Table;Table 2.xIsx %

Suggested dilution

0.5 uL/100 pL
0.5 uL/100 L
0.5 uL/100 pL
0.5 uL/100 L
0.5 uL/100 pL
0.5 uL/100 L
0.5 uL/100 pL
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Name of Material/ Equipment

1 ml syringes

10 ml syringes

Anti-CD115 (c-fms) APC

Anti-CD11b (M1/70) - FITC

Anti-CD45 (30-F11) - eF450

Anti-F4/80 (BM-8) - PE Cy7

Anti-Grl (RB6-8C5)

Anti-Ly6C (HK1.4) PerCP-Cy5.5

Anti-Ly6G (1A8) APC/Cy7

Buprenorphine hydrochloride

C57BL/6 mice, female, 10 - 12 weeks old

CaliBRITE APC-beads (6um)

Canula 23 gauge 1"

Canula 26 gauge 1/2"

Cell strainer 70 um

Collagenase Type |

Deoxyribonuclease I

Dulbecco’s Phosphate Buffered Saline (PBS), sterile
Dulbecco’s Phosphate Buffered Saline (PBS), without calcium chloride and magnesium chloride, sterile
Ethylenediaminetetraacetic acid (EDTA) solution

FACS tubes, 5 ml

Fetal calf serum (FCS)

Forceps

Isoflurane

Ketamine hydrochloride

Lipopolysaccharides (LPS) from Escherichia coli 0111:B4
LIVE/DEAD Fixable Dead Cell Green Kit

Purified Rat Anti-Mouse CD16/CD32 (Mouse BD Fc Block™), Clone 2.4G2
Red blood cell lysis buffer

RPMI-1640, with L-glutamine and sodium bicarbonate
Scissors

Sodium azide (NaN3)

Spring scissors

Tissue forceps

Tubes

Venous catheter, 22 gauge

Xylazine hydrochloride

L]
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ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

I:l Open Access

The Author is NOT a United States government employee.

I:lThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

I:IThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

14 Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3 Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in ltem 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

T Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JOVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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1. Upload an electronic version on the JOVE submission site
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3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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University Medical Center, Rheinische Friedrich-Wilhelms University
Department of Anesthesiology and Intensive Care Medicine
Sigmund-Freud-Str. 25, 53127 Bonn, Germany

To
Prof. Dr. Ronald Myers
Editor-in-Chief Journal of Visualized Experiments

Wednesday, April 17, 2019

Manuscript revision JOVE59999 R1

Dear Prof. Myers,
dear Prof. Bajaj,

we thank you for giving us the opportunity to again submit a revised version
of our manuscript. We have carefully studied all editor’s comments and
gratefully acknowledge the helpful suggestions that further improve our
report. In order to meet all demands, we have made comprehensive
modifications within the text.

All sections that should be filmed are highlighted in yellow colour. The
highlighted section is no more than 2.75 pages including heading and
spacings.

We added detailed comments and descriptions to the FACS processing steps
and included two tables describing the preparation of FACS buffer and of
staining mastermix. Furthermore, we added appropriate citations to the

respective parts of the protocol

We hope that these additional clarifications address all of your concerns
sufficiently and that you agree that the changes improved our manuscript and

helped to clarify the report. Please do not hesitate to contact us if you should

Click here to access/download;Rebuttal Letter;response to ES

universitats
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PD Dr. med. Tobias Hilbert, MD,
D.ES.A.
Adjunct professor and consultant

Fon: +49 228. 287-14114
thilbert@uni-bonn.de

University Medical Center
Rheinische Friedrich-Wilhelms-
University

Department of Anesthesiology and
Intensive Care Medicine
Sigmund-Freud-Str. 25

53127 Bonn

Germany
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have any more questions. We are very looking forward to your decision.
Thank you very much!

Sincerely,
\ ) L3 S { i L‘(ﬁ

PD Dr. med. Tobias Hilbert, MD, D.E.S.A.

Department of Anesthesiology and Intensive Care Medicine, University Medical Center Bonn
Sigmund-Freud-Strasse 25

53127 Bonn, Germany

Email: thilbert@uni-bonn.de
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SPRINGER NATURE

Dear Dr. Hilbert,
Thank you for contacting Springer Nature.

Reproduction of figures or tables from any article is permitted
free of charge and without formal written permission from the
publisher or the copyright holder, provided that the figure/table
is original, BioMed Central is duly identified as the original
publisher, and that proper attribution of authorship and the
correct citation details are given as acknowledgment.

For more information, please visit our website:
BMC - Reprints and permissions

https://www.biomedcentral.com/about/policies/reprints-and-
permissions

If you have any questions, please do not hesitate to contact me.

With kind regards,

Neil Castil

Global Open Research Support Executive
Global Open Research Support

Springer Nature

T +44 (0)203 192 2009

www.springernature.com

Springer Nature is a leading research, educational and
professional publisher, providing quality content to our
communities through a range of innovative platforms, products
and services. Every day, around the globe, our imprints, books,
journals and resources reach millions of people - helping
researchers, students, teachers & professionals to discover, learn
and achieve.
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233 Spring Street, New York, NY 10013, USA

Registered Agent: Corporation Service Company, 251 Little Falls
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State of Incorporation: Delaware, Reg. No. 4538065

Outside the Americas: Springer Nature Customer Service Center
GmbH, TiergartenstraBe 15 - 17, 69121 Heidelberg, Germany
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Dear Sir or Madam,
I am writing you regarding the following article:

J Inflamm (Lond). 2018 Jun 14;15:12. doi: 10.1186/s12950-
018-0188-5.

eCollection 2018.

"Experimental murine acute lung injury induces increase of
pulmonary

TIE2-expressing macrophages."

Ehrentraut H, Weisheit C, Scheck M, Frede S, Hilbert T.

that had been published by us last year. We have been asked by
another

journal to visualize our methodology in a video article. This
article

will absolutely focus on the methods we used for this study,
however,

some results will have to be provided to the reader to
demonstrate the

validity of the methodology. Regarding this, we would like to re-
use

some of the figures that had been published along with the
original

article in J Inflamm. So I'm writing to you to ask for your
permission

to do so.

With kind regards,

Tobias Hilbert

Priv.-Doz. Dr. med. Tobias Hilbert, D.E.S.A.
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