A mechanistic study of cigarette smoke-induced COPD in C57BL/6
impact of switching to pMRTP
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Introduction Results

Chronic obstructive pulmonary disease (COPD) is a chronic respiratory disorder characterized by a progressive, not fully reversible airflow vy e o A S
obstruction, which is associated with an abnormal inflammatory response of the lungs to noxious particles or gases. The main risk factor for this =7 o ]I e TR e e T o
disease is tobacco smoking, whose pathogenic action may be potentiated by other harmful agents such as air pollution and individual S A 4 0 4
susceptibility. Suitable animal models play an important role in the understanding of the smoke-induced pathogenesis of COPD. It has been ) ' c ! ! !
shown that the C57BL/6 mouse strain is a useful tool for the mechanistic investigation of this disease (Churg et al., 2008). Previously we have | " \ 5. 5. 5.
demonstrated that the chronic exposure of C57BL/6 mice to the aerosol generated by the reference cigarette 3R4F at a concentration of 750 ug/I }i | e
total particulate matter (TPM) resulted in emphysematous changes as early as after 2 months. Development of the progression of the pathology S A N R N
and the impact of cessation (switching from 3R4F aerosol to filtered air) have been followed at the molecular, cellular and tissue level for up to 7 5 TEe Taw W o o o
months of exposure (manuscript in preparation). This study assessed the impact of switching from the exposure to cigarette smoke from 3R4F to I 5 o e e e
the aerosol generated by the prototypic modified risk tobacco product (pbMRTP) or filtered air. To assess the development of emphysema we : e e e
evaluated pulmonary inflammation and function, histopathological changes, and a multi-platform of molecular changes (transcriptomics, E
proteomics, and lipidomics) at months 1, 2, 3, 4, 5 and 7. Carboxyhaemoglogin (HbCO) measurement in blood (%) - 3 : : :

biomarker of exposure g )

After switching to aerosol from pMRTP or filtered air &7 ) ) )

(cessation) levels of HbCO in blood of exposed animals are T ARV S ARV R R A " Yoo ° oo ez ° oo ez
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St“dy dESlgn and end pOIHtS substantially lower compared to those found in blood of mice KR e e M I — _
continuously exposed to 3R4F aerosol. Lung inflammation Pulmonary function: pressure-volume (P-V) loops |
Exposure of mice to 3R4F cigarette smoke resulted in a leftward shift

of the P-V loops for both the inflation and deflation phase of the
maneuver as compared to the results obtained with filtered air
exposed animals. Measurements from pMRTP and filtered air
exposed animals revealed very similar values during the course of the

The absolute number of inflammatory cells in lung (A), the
activity of matrix metalloproteinase (B) and the levels of
inflammation-related chemokines detected in bronchoalveolar
lavage fluid (C) were dramatically increased even after 1
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The mice were exposed to 3R4F (750 pg/l TPM), pMRTP (matched to the nicotine in 3R4F — 34.4 ug/l) or filtered air for 4 hours per day, 5 days ‘ipMI‘?tI'T:;)é%i.‘iﬁ* jf?’;é'f‘?{?fﬂ:-‘:izii’:f*f Lo R Tz _wwe 8 8 8 8 8 8 8 8 8 8
per week, for up to 7 months. After 2 months of exposure to 3R4F, switching and cessation groups were exposed to pMRTP or filtered air, o it Lo y ﬂf 57 2 Neursigyooshingainds G038 smem () () IO O OO OO o
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haemoglobin in blood and nicotine metabolites in urine) were measured 3 times during the study. Dissections were performed after 1, 2, 3, 4, ) : o Phosphosphingolpids SM sumsw) O OO0 000 >
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identification of infiltrated inflammatory cells in lungs and multi-analyte profiling; histopathological evaluation and morphometry of lungs; lung . : . , SPA  sumsP O O OO0 O OO0 OO0
function and ‘omics’ (transcripomics and lipidomics) than in those exposed to filtered air or pMRTP. In lungs of animals seH swer) () O OO0 O OO OO O 8
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accumulation of non-pigmented and brownish pigmented T m— i
o macrophages was seen which did not occur in animals exposed to | o o o N
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Exposure to 3R4F resulted in clearly distinguishable lung lipid 3RAF_34 CESS  SWITCH 34  pMRTP 34

evident. The level of emphysema was evaluated by the scoring of
severity and by morphometrical measurements performed in a
blinded manner by an external pathologist. After the switch or

profiles compared with sham exposure. These changes were

alleviated by smoking cessation or switching to pMRTP within Measurement of the perturbation of biological processes

Previously we have developed the method for quantitative

. T.he exposurg to 3R4F cigarette smoke_ resulted in significant Ievgls of pulmonary inflammation, declines in pulmonary function, and cessation, the evaluation revealed a certain level of reduction of On_e month, and reached control levels at the 7-month time measurement of the perturbation of biological processes (Hoeng
hlstopgthologlcal changes; these phenotypic changes were cohere'nt Wlth the molgcular data; | | severity compared to the emphysema seen in lungs from point. et al, 2012; Martin et al, 2012). Relative biological impact factor
 Chronic exposure to an aerosol from the pMRTP resulted in very little difference in all measured parameters when compared to the filtered air continuously exposed animals. However, even 5 months after the (BIF) for lung tissue from 3R4F- and pMRTP-exposed vs. filtered
exposed animals; switch some tissue degradation was still evident. air-exposed mice indicate strong perturbation of molecular

« The biological response of switching to a pMRTP aerosol or filtered air following 2 months of 3R4F cigarette smoke exposure were very similar

n . e networks caused by the exposure to 3R4F, while pMRTP had
between the two conditions across the spectrum of endpoints assessed, and showed a generally positive effect;

) . . . : ) o , , o negligible effects on overall BIF. Transcriptional perturbations
- Differential gene expression associated with 3R4F exposure returned to a filtered air-like level following either switching to a pMRTP aerosol or ererences were dramatically reduced after the switch to pMRTP or filtered
1|‘|_:Fetred ?rI\r;I cal ¢ al H q ced effect of switchi  which fial ete (d di the infl t I air. Upper Panel: Starplots showing the decomposition of the

« Histopathological assessment also showed a marked effect of switching, in which a partial or complete (depending on the inflammatory ce : : : : o
type) F;eversj of pulmonary inflammation was observed:; J P P P J Y Churg A, Cosio M, Wright JL (2008) Mechanism of cigarette smoke-induced COPD: insights from animal models. Am J Physiol Lung Cell Mol Physiol 294: L612-L631 overall relatlv_e BIF |n_to Its ma'_n me_ChamSt'C components (from
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- These data collectively indicate a halting or regression of the disease genesis following switching. of biologically active substances. Drug Discov Today 17: 413-418 treatment groups Lower Panel: The bar plot shows BIF values
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