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Abstract

Background:
Mechanical ventilation (MV) has the potential to induce lung damage in healthy lungs or 
aggravate existing lung injury. Polymorphonuclear cell (PMN) recruitment plays an important 
role in driving the inflammatory response in ventilator-induced lung injury (VILI). The CDK 
inhibitor r-roscovitine has been shown to induce apoptosis in PMNs in vitro and in vivo.

Aim and Methods:
In this study, we investigated the potential of r-roscovitine treatment in reducing lung damage 
in a mouse model of VILI. Mice were tracheotomized and subjected to lung-protective MV 
with lower (~7.5 ml/kg) or lung-injurious MV with higher (~15 ml/kg) tidal volume (VT).

Results:
R-roscovitine treatment enhanced apoptosis in PMNs in vitro. VILI was associated with 
pulmonary PMN influx in low and high VT MV. During lung-injurious MV r-roscovitine 
treatment reduced the number of PMNs and lowered levels of the lung damage markers 
RAGE and total IgM in bronchoalveolar lavage fluid. R-roscovitine did not affect cytokine or 
chemokine levels in the bronchoalveolar space, neither during lung-protective nor lung–
injurious MV.

Conclusion:
R-roscovitine treatment reduces lung damage in VILI, possibly dependent on increased 
apoptosis of PMNs.
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Introduction

Mechanical ventilation (MV) has the potential to aggravate lung damage in patients 
with acute lung injury (ALI) and even to initiate injury in patients with healthy lungs, a 
phenomenon frequently referred to as “ventilator–associated lung injury - VALI” [1,2]. 
Prevention of VALI by using lower tidal volumes (VTs) has been found to reduce mortality 
of patients with ALI [3], presumably via attenuating MV–induced inflammatory responses 
[3,4,5,6]. However, MV with lower VTs may still cause lung damage via regional hyperinflation 
and non–physiologic forces acting on the alveolar cells [7]. Injured regions are collapsed and 
filled with fluid; other, not-affected, regions are well aerated and ventilated. Ventilation of 
a lung with a decreased number of aerated alveoli, places the less injured regions at risk for 
overdistension [8].
Recruitment of polymorphonuclear cells (PMNs) to the lungs is considered an important 
feature of VALI. PMN histotoxic contents can be potentially dangerous to healthy tissues and 
PMN sequestration in uninfected lungs should be prevented.

R–roscovitine, a purine analog, is a potent cyclin-dependent-kinase (CDK) inhibitor, especially 
of CDK 1, 2, 5, 7 and 9 [9]. R-roscovitine has the ability to induce cell cycle arrest and apoptosis 
[10,11,12,13]. Consequently, clinical trials are testing r–roscovitine as an anticancer therapy 
[11,12]. Recently, r–roscovitine was described to attenuate inflammation in lungs and brain 
[13,14,15]. This is attributed to induction of apoptosis of PMNs [13,14,16]. R-roscovitine may 
reduce inflammatory response via reducing the pro-survival factor myeloid cell leukemia 
sequence 1 (MCL)–1 [16].

We hypothesized r-roscovitine to reduce lung damage in ventilator–induced lung injury 
(VILI) via apoptosis of PMNs. Therefore, we first established the apoptosis inducing potential 
of r-roscovitine in peripheral human blood PMNs. Second, we compared r-roscovitine to 
placebo in an established model of VILI, in which mice are subjected to lung–injurious MV 
using high VTs [17].
 

Material and methods

Ethics Statement
This study was carried out in accordance with the Dutch Experiment on Animals Act. The 
Animal Care and Use Committee of the University of Amsterdam approved all experiments 
(Permit number: 101611). Human blood for ex vivo experiments was obtain with written 
informed consent of all participants.

Animals
The Animal Care and Use Committee of the University of Amsterdam approved all 
experiments. For all experiments male C57BL/6 mice (aged 8 to 10 weeks, weighing 19 to 25 
g) were purchased from Charles River (Maastricht, The Netherlands). 
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In vitro apoptosis
EDTA anticoagulated peripheral blood was obtained from healthy volunteers. Within 2 hours 
of drawing blood, PMNs were isolated using Polymorphprep (Axis-Shield, Oslo, Norway) and 
2x105 cells per well were seeded in a 24–wells plate (Greiner Bio-one, Aplhen a/d Rijn, The 
Netherlands). Cells were treated with 20 µM r-roscovitine (LC Labs, Woburn, MA, USA) or 
vehicle (0.05% DMSO). After 6 hours cells were stained using a Annexin V FITC Apoptosis 
Detection Kit I (BD Pharmingen, Franklin Lakes, NJ, USA) and analyzed on a FACS Scan (BD 
Biosciences, San Jose, CA, USA). 
In a similar setup after 6 hours of treatment DNA fragmentation was determined. Cells 
were taken up in a hypotone PI solution (1% Triton X-100, 0.1% sodium citrate, 50 µg/ml 
propidium iodide, 0.1 mg/ml Ribonuclease A) and incubated at room temperature for 60 
minutes. Fragmentation was assessed by FACS analysis.

Mechanical ventilation in animals
Animals were anesthetized as previously described [17,44]. In short, mice received 
an intraperitoneal bolus of 0.8 ml sodium chloride (154 mM), and 0.2 ml of sodium 
bicarbonate (200 mM) every 30 minutes. Anesthesia was achieved by of injection of 7.5 
µl/g of body weight of 1.26 ml 100 mg/ml ketamine (Eurovet, Bladel, The Netherlands), 
0.2 ml 1 mg/ml medetomidine (Orion Corporation, Espoo, Finland), and 1 ml 0.5 mg/ml 
atropine (Pharmachemie, Haarlem, The Netherlands) in 5 ml normal saline. Maintenance 
anesthesia consisted 10 µl/g i.p. injection of 0.72 ml 100 mg/ml ketamine, 0.08 ml 1 mg/ml 
medetomidine, and 0.3 ml 0.5 mg/ml atropine in 20 ml saline. Body temperature was kept 
constant at 36.5 – 37.5 ˚C with the use of warming plate (Adamas instruments, Rhenen, 
The Netherlands). After induction of anesthesia, mice received a tracheostomy (y-tube 
connector, 1.0 mm outer diameter, 0.6 mm inner diameter; VBM Medizintechnik GmbH, 
Germany). Systolic blood pressure and heart rate were non-invasively monitored using 
a murine tail-cuff system (AD Instruments, Spenbach, Germany) and recorded on a data 
acquisition system (PowerLab/4SP, ADInstruments, Bella Vista, Australia).
Mice received 70 mg/kg of r-roscovitine (LC Laboratories) in 200 µl 10% DMSO/Saline or 
200 µl 10% DMSO/Saline (vehicle) was administered intraperitoneally immediately before 
coupling to the mechanical ventilator. For both treatment regimens were 9 mice not 
ventilated which served as controls.
Mice were kept in a supine position, connected to a human ventilator (Servo 900 C, Siemens, 
Sweden) and pressure–controlled ventilated with either an inspiratory pressure of 10 cmH2O 
(resulting in lower VTs of ~ 7.5 ml/kg) or an inspiratory pressure of 18 cmH2O (resulting in 
higher VTs of ~ 15 ml/kg). Positive end–expiratory pressure (PEEP) was set at 2 cm H2O with 
both strategies. Respiratory rate was set at 110 breaths/minutes and 70 breaths/minutes 
with lower and higher VTs, respectively.
After 5 hours of MV mice were sacrificed. Blood samples were drawn from the inferior vena 
cava. The right lungs of 9 mice per group were subjected to bronchoalveolar lavage (BAL) 
by instilling two times 0.4 ml sterile phosphate buffered saline (PBS; Fresenius Kabi, Bad 
Homburg, Germany). Left lungs were used to determine the wet to dry ratio. In a separate 
experiment the right lungs of mice not subjected to BAL were excised, weighed and diluted 
1:4 in sterile saline. 
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Tissue handling
Blood gas analysis was done in a Rapidlab 865 blood gas analyzer (Bayer, Mijdrecht, the 
Netherlands). The other blood samples were centrifuged and the supernatants were 
aliquoted and frozen at −20 °C. Cell counts were determined using a hemacytometer 
(Beckman Coulter, Fullerton, CA).
Differential counts were done on BAL fluid cytospin preparations stained with a modified 
Giemsa stain. Cells were pelleted by centrifugation and BAL fluid was stored at −20 °C for 
subsequent measurements.
After homogenization of lungs, samples were diluted with one volume of lysis buffer (pH 
7.4) containing 300 mM NaCl, 30 mM Tris, 2 mM MgCl2, 2 mM CaCl2, 1% Triton X-100, and  
AEBSF (4-(2-aminoethyl)benzeensulfonyl fluoride, EDTA-Na2, pepstatin and leupeptin (all 8 
μg/ml; pH 7.4) and incubated at 4 °C for 30 minutes. Homogenates were centrifuged at 
4000 rpm at 4°C for 15 minutes, and supernatants were stored at -20 °C until assays were 
performed.

Assays
Tumor necrosis factor (TNF) α, interleukin (IL)-6, macrophage inflammatory protein (MIP)-
2, keratinocyte-derived chemokine (KC), receptor for advanced glycation endproducts 
(RAGE) and LPS-induced CXC Chemokine (LIX) levels were measured by enzyme-linked 
immunosorbent assay (ELISA) according to the manufacturer’s instructions (all from R&D 
Systems, Minneapolis, MN, USA). 
For Immunoglobulin (Ig) M measurements 96–wells plates (Greiner Bio-One) were plated 
with Anti-mouse Ig (SouthernBioTech, Birmingham, AL, USA) in sodium carbonate buffer at 
4 °C overnight. Plates were blocked in 5% bovine serum albumin (Roche Applied Science, 
Indianapolis, IN, USA) in PBS for 1 hour at room temperature and incubated with diluted 
samples in 1% BSA and 0.05% Tween 20 (Sigma-Aldrich) in PBS for 2 hours in 37 °C. Anti-
mouse IgM-HRP (SouthernBioTech) was used for detection and plates were developed with 
3,3′,5,5′-tetramethylbenzidine (TMB; Invitrogen, Paisley, UK) and 0.003% H2O2 (Merck) and 
absorbance was measured at 450 nm.
For western blotting, samples were boiled at 95 °C for 5 minutes in 3x Laemmli buffer 
and loaded onto SDS-PAGE gels. After electrophoresis, gel content was transferred to 
Immobilon-PVDF membranes (Millipore, Billerica, MA, USA). The membranes were blocked 
at room temperature for 60 minutes in 5% BSA (Roche, Basel, Switzerland) in TBS-T. Cleaved 
Caspase-3 (Cell signaling Technology, Boston, MA, USA) was diluted 1:1000; β-actin (Santacruz 
Biotechnology, Santa Cruz, CA, USA) was diluted 1:4000. Membranes were incubated 
overnight at 4 °C. Next, the membranes were incubated for 60 minutes with anti-rabbit-HRP 
conjugated secondary antibody (Cell signalling Technology) and blots were imaged using 
LumiLight Plus ECL (Roche, Basel, Switzerland) on a LAS 4000 chemiluminescence imager 
(GE Healthcare Biosciences, Pittsburgh, PA, USA). Quantification was performed using 
ImageJ software (Rasband, W.S.).

Statistical analysis
Statistical analysis was done using GraphPad Prism version 5.01 (GraphPad Software, San 
Diego, CA, USA). Data are expressed as mean ± SEM. For analysis of in vitro data, student 
t-tests were applied. For in vivo data, two sample comparisons were performed by Mann 
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Figure 1: R-roscovitine induces in vitro apoptosis in blood PMNs
Within 2 hours of drawing peripheral blood, PMNs were isolated and treated with 20 μM r-roscovitine 
or vehicle (0.05% DMSO) for 6 hours. Apoptosis was assessed by annexin V binding. Scatter plots of 
PMN forward and side scatter and PI+AnnexinV staining of vehicle and r-roscovitine treatment (left), 
PI-AnnexinV+ population data are shown in the bar graph (right) (a). PMN DNA fragmentation as 
measured by PI. Majority of cells are in G0/G1 phase, the sub G0/G1 population represents fragmented 
DNA. Percentage of fragmentation is shown in the right graph, r-roscovitine (front, black histogram) 
vehicle treatment (back, white histogram) (b). Data are expressed as mean ± SEM, N=3-6. * P < 0.05
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Whitney U tests. Comparisons between multiple groups were done using Kruskall-Wallis 
test; if overall significant individual groups where assessed by Mann Whitney-U tests. P < 
0.05 was considered statistically significant.

Results

R-roscovitine induces in vitro apoptosis in blood PMNs
PMNs (97% pure as determined by forward and side scatter on FACS) obtained from healthy 
volunteers, were treated with r-roscovitine for 6 hours. As a measure for early apoptosis, 
Annexin V staining was determined (figure 1a). Incubation with r-roscovitine resulted in 
enhanced PI-AnnexinV+ staining in PMNs when compared to vehicle, indicating enhanced 
apoptosis (P < 0.05). R-roscovitine similarly enhanced DNA fragmentation (figure 1b) 
compared to vehicle treatment (P < 0.05). These data confirm previous studies that showed 
the capacity of r-roscovitine to induce apoptosis in PMNs [13,15,16,18].

R-roscovitine induces apoptosis in BAL-fluid cells in mice
To study the effect of r-roscovitine on experimental VILI, we treated mice with r-roscovitine 
or vehicle and subjected them to either low or high VT MV for 5 hours.  Heart rate and mean 
blood pressure were well maintained over the 5–hour MV period in animals ventilated 
with lower or higher VTs (figure 2). Blood gas parameters were also maintained within 
physiological range and were not different between groups (data not shown). 
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Figure 2: Hemodynamic parameters during 4 hours of mechanical ventilation
Mice were ventilated for 5 hours with low tidal volumes (VT ~ 7.5 ml/kg) and high VT (~ 15 ml/kg). 
Positive end expiratory pressure (PEEP) was set at 2 cm H2O in both MV-strategies. Respiratory rate 
was set at 110 breaths/minutes and 70 breaths/minutes with low tidal and high tidal, respectively. Prior 
to mechanical ventilation mice were treated with 70 mg/kg r-roscovitine or vehicle (10% DMSO). 
Heart rate (a) and mean blood pressure (b) were measured at three time points (t=0, 2 and 4 hours after 
start of mechanical ventilation). Data are represented as  mean ± SEM of 7-9 animals per group
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To assess whether r-roscovitine induced apoptosis, cleaved caspase-3 levels were 
determined by western blot in cells pelleted from the BAL fluid (figure 3a and b). No 
differences occurred between r-roscovitine and vehicle treatment in control mice and mice 
mechanically ventilated with lower VTs (figure 3a and b). However, in mice ventilated with 
higher VTs r-roscovitine treatment enhanced the cleaved caspase-3 levels in BAL fluid cells 
compared to vehicle treatment (P < 0.05). 

R-roscovitine reduces influx of PMN and lung injury in mice 
One of the mechanisms by which MV induces lung injury is most likely due to influx of and 
bystander damage by PMNs. The potential of r-roscovitine to induce apoptosis in PMNs 
was shown in vitro (figure 1) and in pelleted cells (56% PMNs in high VTs) in vivo [16,18]. 
In both ventilation groups PMNs migrated to the alveolar compartment. Treatment with 
r-roscovitine significantly reduced PMN counts in BAL fluid in both MV groups (figure 4a). 
As a measure of lung edema, we determined lung wet to dry ratios. A trend towards 
reduced wet to dry ratios was found in mice treated with r-roscovitine in mice mechanically 
ventilated with high VTs (P = 0.06) (figure 4b). RAGE has been recently described as a marker 
of lung injury based on experimental studies in rats and patients with ALI or mice suffering 
from hyperoxic injury [19,20,21]. RAGE levels strongly increased during 5 hours of MV and 
was significantly higher in high VTs compared to low VTs  (P < 0.05; figure 4c). R-roscovitine 
treatment resulted in lower RAGE BAL fluid levels in mice subjected to MV with high VTs (P 
< 0.05) (figure 4c). In addition, IgM levels were higher in BAL fluid of high VT mice, indicating 
reduced endothelial and epithelial barrier function (P < 0.01 compared to control or low VT 
group). R-roscovitine treatment resulted in lower BAL fluid IgM levels in mice subjected to 
MV with high VTs (P < 0.05) (figure 4d).
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Figure 3: r-Roscovitine treatment enhances cleaved caspase-3 levels in high tidal mechanical ventilation
Mice were ventilated for 5 hours with low VT (~ 7.5 ml/kg) and high VT (~ 15 ml/kg). PEEP was set 
at 2 cmH2O in both MV-strategies. Respiratory rate was set at 110 breaths/minutes and 70 breaths/
minutes with low tidal and high tidal, respectively. Mice were treated with an i.p. injection of 70 mg/kg 
r-roscovitine (black bars) or vehicle (10% DMSO; white bars). Cellular content obtained from pelleted 
BAL fluid was lysed and cleaved caspase-3 levels were determined by western blot, representative 
western blots shown (a). Relative densitometric quantification of cleaved caspase-3 normalized for 
β-actin  are shown in the bar graph (b). Data are expressed as mean ± SEM, N=6-9.  * P < 0.05
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R-roscovitine does not influence chemokine or cytokine levels
We measured KC, MIP-2, LIX, IL-6 and TNF-α in BAL fluid. MV resulted in elevated levels of LIX, 
KC, MIP-2 and IL-6 in BAL fluid; TNF-α was not detectable in BAL fluid from either ventilated 
or control animals (table 1). In plasma, KC, MIP-2, IL-6 and TNF-α were determined, which 
(apart from non-detectable TNF-α) were enhanced by MV, but not altered by r-roscovitine 
treatment (data not shown). R-roscovitine did neither influence chemokine or cytokine 
levels in BAL nor chemokine or cytokine levels in plasma.

a b

c

r-RoscovitineVehicle

d

0

20

40

60

80

Low VTCtr

*
*

High VT

N
eu

tro
ph

ils
/m

l (
x1

00
0)

0

2
3

4

5

6

Low VTCtr High VT

Lu
ng

 W
et

/D
ry

 r
at

io

0

2

4

6

8

Low VTCtr

*

High VT

*

R
A

G
E

 (
ng

/m
l)

0.0

0.2

0.4

0.6

Low VTCtr

**

High VT

**
Ig

M
 (O

D
45

0-
65

5)

Figure 4: r-Roscovitine treatment diminishes PMN influx in BAL fluid and attenuated lung injury in 
VILI
Mice were ventilated for 5 hours with low VT (~ 7.5 ml/kg) and high VT (~ 15 ml/kg). PEEP was set 
at 2 cmH2O in both MV-strategies. Respiratory rate was set at 110 breaths/minutes and 70 breaths/
minutes with low tidal and high tidal, respectively. Mice were treated with an i.p. injection of 70 mg/
kg r-roscovitine (black bars) or vehicle (10% DMSO; white bars). Number of PMNs (a), lung wet dry 
ratios (b), RAGE (c) and total IgM (d) in BAL fluid of control (ctr), low VT and high VT mice. Data are 
represented as means  ± SEM of 7-9 mice per group. *P < 0.05, *P < 0.01 vs. vehicle.
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Discussion

We investigated the potential of r-roscovitine treatment in reducing lung damage in a 
mouse model of VILI. In vitro, r-roscovitine treatment enhanced PMN apoptosis. During 
lung-injurious MV r-roscovitine treatment lowered the number of PMNs and lung damage 
marker levels RAGE and total IgM in bronchoalveolar lavage fluid. However, r-roscovitine did 
not affect cytokine or chemokine levels in the bronchoalveolar space.

Manifestation of VALI is greatly reduced by lung-protective MV [3]. Unfortunately, MV 
with lower tidal volumes is not always possible in patients with severe respiratory failure 
[22,23,24]. Moreover, the mortality rates of ALI patients remain as high as 31%, despite 
the use of lower tidal volumes [3]. Thus, additional strategies, including pharmacological 
therapies, are needed to attenuate the detrimental effects of MV and consequently 
contribute to survival of critically ill patients. In view of this notion, adequate animal models 
of MV are required to gather further insights into the mechanisms of VILI and to evaluate 
preventive treatment strategies.

The current study expands earlier investigations on the potential of r-roscovitine to reduce 
inflammatory responses in lung inflammation. Previously, r-roscovitine was administered 24 
hours after carrageenan–induced pleurisy resulting in diminished lung levels of IL-6, IFN-γ 
and MCP-1 and PMN numbers at 36 hours compared to the vehicle control [13]. This was 
accompanied by enhanced, zVAD-fmk (a caspase inhibitor) reversible, apoptosis in cellular 
influx. In bleomycin–induced lung injury, treatment with r-roscovitine (given at 48 hours) 
reduced the PMN presence in the lung after 3 days of inflammation and ameliorated  lung 
morphology compared to vehicle treatment [13]. We confirmed the apoptotic potential 
of r-roscovitine in freshly isolated PMNs and in recruited cells during high tidal ventilation 
injury. Previously, it was shown that r-roscovitine enhances both cleavage of caspase-3 and 
annexin V staining in PMNs [14,16]. In accordance, we demonstrated enhanced annexin 
V staining and DNA fragmentation in r-roscovitine treated PMNs and enhanced levels of 

Table 1 Effect of r-roscovitine treatment on BAL fluid cytokine and chemokine levels
control Low VT High VT

Vehicle r-roscovitine Vehicle r-roscovitine Vehicle r-roscovitine

KC 0.07 ± 0.02 0.03 ± 0.01 0.60 ± 0.11** 0.61 ± 0.14 0.76 ± 0.11*** 0.92 ± 0.11

MIP-2 0.09 ± 0.01 0.07 ± 0.01 0.22 ± 0.04** 0.24 ± 0.06 0.25 ± 0.05** 0.26 ± 0.06

LIX 0.11 ± 0.02 0.10 ± 0.01 0.44 ± 0.12** 0.46 ± 0.09 0.67 ± 0.12** 0.46 ± 0.08

IL-6 0.05 ± 0.01 BD 0.61 ± 0.11* 0.58 ± 0.14 0.85 ± 0.13*** 0.80 ± 0.07

TNF-α BD BD BD BD BD BD

Cytokine and chemokine levels (in ng/ml) in BAL fluid of vehicle of r-roscovitine treated mice. Control, 
spontaneously breathing mice; Low VT, mice ventilated for 5 hours with a VT of ~7.5ml/kg; High VT, 
mice ventilated for 5 hours with a VT of ~15ml/kg. BD: below detection limit. Data are represented 
as mean ± SEM of 7 to 9 mice per group. *P < 0.05 **P < 0.01 *** P < 0.001 versus vehicle control.
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cleaved caspase 3 in BAL fluid cells. The lack of effect of r-roscovitine treatment on cytokines 
and chemokines in our experiments compared to the literature are likely due to the 
difference in experimental models. 

RAGE is a multiligand receptor of the immunoglobulin superfamily that interacts with 
advanced glycation endproducts, amyloid, β-sheet fibrils, high mobility group box 1 and 
S100 family members [25]. RAGE was first described in lung tissue [26]. Enhanced RAGE 
levels have been shown in ALI/ARDS and are indicative of type I epithelial cell-damage [27]. 
Type I epithelial cells represent 95% percent of the entire lung epithelium; as such damage 
to these cells is detrimental to lung barrier function [28]. While RAGE is a direct measure of 
epithelial damage, IgM levels represent the overall functioning of the lung barrier. Present in 
high levels in the plasma, under normal circumstances the penta-immunoglobuline structure 
of IgM cannot pass the lung barrier [29]. During VILI RAGE levels in vehicle treated high VT 
were notably increased when compared to low VT; the presence of lung injury was further 
supported by elevated IgM levels in BAL fluid. It is likely that the effects of r-roscovitine on 
RAGE and IgM are related to the accompanying reduction in PMN numbers. 

The majority of patients in the intensive care unit undergo MV. While MV is critical for the 
treatment of these patients, the potential of MV to aggravate or de novo initiate pulmonary 
damage is problematic [30,31]. PMNs are important enforcers of inflammatory responses 
in lung injury and VILI [32,33]. Their accumulation and subsequent activation is potentially 
dangerous to healthy tissues, especially in sterile inflammation [34,35]. Historically known 
for controlling cell cycle progression, CDKs have been implicated in controlling PMN cell fate 
through apoptosis [36,37]. The CDK inhibitor r-roscovitine is capable in inducing apoptosis 
in PMNs [13,14].  
The exact mechanisms by which r-roscovitine exerts its effects on PMNs are not entirely 
clear. MCL-1 stability seems to play a role: inhibition of CDKs destabilizes MCL-1 resulting 
in apoptosis [38]. MCL-1 is a pro-survival B-cell lymphoma 2 (BCL-2) family member, which 
upon degrading enhances caspase activation [39]. It was also shown that the r-roscovitine 
induced destabilization of MCL-1 is mediated by Noxa (phorbol-12-myristate-13-acetate-
induced protein 1, a pro-apoptotic BH-3 (BCL2 homology domain-3) only BCL-2 family 
member) [40].
In addition to its pro-apoptotic properties, r-roscovitine inhibition of CDK 5 and 9 was recently 
shown to be involved in migration and to inhibit leukocyte adherence and extravasation 
[41,42]. In the present study we did not investigate this mechanism in PMN migration. 
Therefore, we cannot exclude that the reduced numbers of PMNs in r-roscovitine treated 
animals are attributable to reduced extravasation. R-roscovitine treatment per se did not 
alter systemic PMN counts (data not shown). However, as found in vitro, we observed 
enhanced cleaved caspase-3 levels in BAL fluid cells of high VT MV mice. This indicates that 
apoptosis induction is a least in part responsible for the diminished PMN numbers due to 
r-roscovitine treatment.

Studies which observed anti-inflammatory effect of r-roscovitine treatment made use of 
more severe lung inflammation settings (e.g. pleurisy), which lasted more than 24 hours 
[13]. However, a strength of the VILI model, apart from closely mimicking the clinical 
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situation, is that it is not influenced by variable bacterial growth such as in pneumonia 
models, or  uncertain pleiotropic effects of chemically induced lung injury. Furthermore, our 
experiments did not last longer than 5 hours. Thus, the anti-inflammatory effects on cytokine 
and/ or chemokine responses brought on by r-roscovitine treatment might, possibly, arise 
at later time points. 

We here show that r-roscovitine treatment is capable of attenuating VILI possibly by 
enhancing PMN apoptosis. Reducing PMN presence may have therapeutic potential to reduce 
pulmonary damage for patients at risk for VILI as pointed out by our data. R-roscovitine was 
well tolerated in humans in doses up to 1600 mg bi-daily [43]. However, possible downsides 
of using a drug that is capable of hampering the cell cycle, such as gastrointestinal toxicity, 
should be taken in to account. 
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