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SUMMARY: A great deal of attention afr pollution on respiratory health is increasing, particularly in relation to haze days. It is
that exposure to cigarette smoke augments the toxicity of common air contaminants, thereby increasing the complexitiof respira
diseases. Although there are various mechanisms involved to respiratory diseases caused or worsen by cigarette smakihg,rmlevhic
of AQPs in the lung with regard to fluid homeostasis still remains elusive. In this paper, we copied the rat models bakedjenexator,
and investigated the morphological changes of mucosa and related functions depending on the balance of lining liquidiaf/s@esli
expression. Compared with normal group, weak labelling of AQP1 and AQP5 protein abundance were clearly detected in thdirmgprrespo
part of smoke exposure groups comparét mormal group. Hence, it is suggested that the contribution of AQPs in the lung is diminished,
thereby causing perturbed balancing between resorptive and secretory fluid homeostasis under cigarette smoking.
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INTRODUCTION

Respiratory system includes the lungs and all levgfgpulation of goblet cells and is referred as respiratory
of tracts that link the site of gas exchange with the exterrgpithelium, which typically consists of 5 cell types. Ciliated
environment. Itis divided mainly into upper (from the nasalolumnar cells with well-developed cilia on the apical
and oral cavities to the throat) and lower (trachea and lung)rface constitute the most abundant type among epithelial
systems in mammalian, which are separated by the glotiglls. The luminal side of the respiratory tract is physically
Each part has specific function and mainly carries thgrotected by layers of epithelial cells that are adhered
function of ventilation and oxygenation (namely exchangéghtly each other at tight junctions (Tsukétal, 2008;
of O, and CQ between inspired air and blood) (Sato &'onemura, 2011). The epithelial cells have well-developed
Kiyono, 2012). Understandably, the upper respiratory tractlia and produce mucus composed primarily of
is the entrance way for oxygen inhaled in the inspired afiolysaccharides such as mucin. Foreign bodies (e.g.
and the mucosal surfaces in this part are more liketgbacco and dust) that do become trapped in the mucin are
exposed to external environmental substances, such agattied toward the mouth by ciliary movement and expelled
kinds of chemical materials (e.g. cigarette smoke) angy coughing. This mechanism is called mucociliary
allergen particulates (e.g. pollen and house dust). clearance (Wanner, 1986). However, small foreign bodies,

including most pathogens, can easily escape the physical

Most of the respiratory tract is lined with ciliatedbarrier system and arrive at the pulmonary alveoli by
pseudostratified columnar epithelium that contain a ridhhalation.

1 School of Basic Medicine, Ningxia Medical University, Yinchuan, 750004 Ningxia, China.
2 School of Clinical Medicine, Ningxia Medical University, Yinchuan, 750004 Ningxia, China.
3 Laboratory Animal Center, Ningxia Medical University, Yinchuan, 750004 Ningxia, China.

This work was supported by the Natural Science Fund of Ningxia (2020AAC03167) and Innovation and Entrepreneurship Tga@mngdadPro
Undergraduates of Ningxia Medical University (S202110752051), China.

Received: 2023-01-20  Accepted: 2023-02-15

539



WANG, J.; DING, R.; LIANG, J.; WANG, H. & WANG, P. Morphological effects of cigarette smoking on respiratory system and related functions based on AQPs expression.
Int. J. Morphol., 41(2539-547, 2023.

Previous studies suggested that it is critical to kegpspectively exposed to cigarette smoke (DSI/BUXCO-
fluid balance in respiratory tract and alveolus to maintaimhalation Tower, USA) during the daytime for 4 h per day,
normal respiratory function. When the respiratory tract wasdays per week from May to Juné& (donth), May to July
insulted, it may bring fluid transport disorders, such a@"month) and May to August 20219 onth). Rats were
airway and lung edema, pleural effusion, etc. Converselypused in steel cages in a controlled temperature room at
if there is extra fluid absorption, the airway may becom23+2 °C, exposed to a daily 12-hour light-dark cycle (lights
relatively dry and induce thick sputum and subsequeah at 7:00 a.m. and off at 7:00 p.m.) in the Laboratory Ani-
respiratory tract inflammation (Sonet al., 2017). mal Center of Ningxia Medical University, China.
Aquaporins (AQPs) are water channel proteins supposed
to facilitating fluid transport in airway humidification, Measurement of lung function indexesAfter a month of
submucosal gland secretion and alveolar space (Kranee&posure to cigarette smoke, the body weight of rats in the
Goldstein, 2007; Soret al, 2017). So far, there are 4 AQPshormal group and 1st month smoke exposure group were
expressed in the lungs and airways, including AQP1, AQR2corded. Meanwhile, lung function indexes (e.g. FRC,
AQP4 and AQP5, and their localization seems to be quikeinctional Residual Capacity; FVC, Forced Vital Capacity;
conserved between mice, rat and human. (Niedseal, IC, Inspiratory Capacity; PEF, Peak Expiratory Flow;
1993; Folkessoet al, 1994; Nielseret al, 1997; Funaki MMEF, Maximal Mid-expiratory Flow; ERV, Expiratory
et al, 1998; Kredat al, 2001; Kraneet al, 2001). Reserve Volume) were detected by Pulmonary Function

Testing (DSI/BUXCO® PFT Controller, USA). The latter
Air pollution is a pervasive risk factor associatedwo smoke exposure groups followed the same procedures
with many diseases, and the respiratory tract is the mastabove.
likely insulted. It is that exposure to cigarette smoke
augments the toxicity of common air contaminants, thereltectron microscopy. Samples of nasal cavities, trachea
increasing the complexity of respiratory diseases. Howevamnd lung were collected. For transmission electron
a full understanding of mechanisms involved to respiratorgicroscopy, fresh specimens, about 1°*nmmsize, were
diseases is still unclear, in particular health effects of dixed in 4 % phosphate buffered glutaraldehyde for 2h at 4
pollutants on mucosa of respiratory tract and related luAg. Subsequently, these were immersed in 1 % solution of
functions. In this study, we aimed to copy the rat modetssmium tetroxide in a phosphate buffered at 4 °C.The
based on smoke generator, and to investigate tBpecimens were then dehydrated in ascending grades of
pathomorphology of mucosa and related functions basethanol and embedded in Epoxy, and sectioned in ultra-
on fluid balance in the lungs via AQPs expression, therellyin slice. Sections were stained with uranyl acetate and
providing potential cross-talk mechanisms between the @abserved using transmission electron microscopy (Zeiss,
pollutions (cigarette smoke) and respiratory diseases. Oberkochen, Germany). For scanning electron microscopy,
sample surfaces were sputter coated with gold and examined
using scanning electron microscopy with an energy dis-

MATERIAL AND METHOD perse spectrometer (SEM-EDS) (Hitachi S-3400N, Hitachi,
Chiyoda, Tokyo, Japan).

Experimental animals and protocols.All experimental Immunolight microscopy. Samples were collected and
procedures and protocols in the study were approved inymediately fixed with 4 % paraformaldehyde solution
Animal Ethics Committee of the Ningxia Hui AutonomougPH7.4) for 2-4h at 4 °C, and then blocks were cut from
Region, China. various parts of the lungs and airways for HE (light
microscopy) and immunolight microscopy.

Sprague Dawley (SD) rats were obtained from the
Laboratory Animal Center, Ningxia Medical University and For immunolight microscopy, specimens were
Ningxia Hui Autonomous Region. To avoid the impact oflehydrated through a graded series of alcohol, cleared and
gender on this experiment, healthy and male SD aged abentbedded in paraffin wax, and sectioned atrbused for
8 weeks and weighting about 240 g were used at thie and immunohistochemical staining. Sections were
beginning of the experiment (n=36). All animals were bredewaxed and rehydrated, an antigen retrieval procedure was
in-house and had free access to clean water and rat chmmsformed to unmask antigens by treating the samples three
for the duration of the study. After one week of adaptiviémes in a microwave oven at medium-high fire for 5 min
feeding, the rats were randomly assigned four groupsgach time in 10 mM citrate buffer, pH6. After cooling to room
normal group (n=18) and three smoke exposure grougsnperature, the sections were treated with 3 % hydrogen
(n=6, respectively). Rats of three exposure groups weperoxide (HO,) in distilled water for 30 min, then washed
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three times with PBS for 10 min each. The sections weMonthly measurement of body mass gairData on body
incubated in blocking reagent for 1 h and incubated overnigimniass of SD rats aged 8 weeks were no significant difference
at £C with anti-AQP1diluted 1:200 (anti-AQPS5) (Boster,between normal group and smoke exposure groups before
Wuhan, China). The primary antibody was diluted in 10 mMxposing. However, after three consecutive months of
PBS supplemented with 0.1 % BSA and 0.3 % Triton X-108xposure to cigarette smoke, the body mass of rats in the
[10 mM PBS (7mM NgHPO,, 3mM NaHPO, 150 mM normal group and 1st month, 2nd month and 3rd month
NaCl, pH7.4)]. Subsequently, the sections were rinsed wigimoke exposure group were respectively recorded, and
10 mM PBS for 310 min and incubated with biotinylated monthly measurement of body mass gain were markedly
anti-rabbit 1IgG (ZSGB-BIO, Beijing, China, dilution: 1:200) difference compared with normal group (P<0.01) (Table I).
secondary antibody for 2 h at room temperature. Then, the

sections were rinsed with 10 mM PBS for1® min and Table I. Monthly measurement of body mass gain after smoke
incubated with horseradish peroxidase streptavidin (ZSGB¥Posure.

BIO, Beijing, China, dilution: 1:200) tertiary antibody for 2 Cumulative Mean + SD (n=6)

h at room temperature followed by coloration with  exposure Air pollutants  Pvalue
diaminobenzidine (DAB; ZSGB-BIO, Beijing, China) for 30 time Control exposure

s to V|sual_|ze p9§|tlve react|on_. Counterstaml_ng was w_|thlst Month 1776041064 112.76+12.59 <0.0L
hematoxylin staining. The sections were carried out using, . - onth 759949 15 213848.19 <0.01
bright microscopy (NI-V, Nikon, Japan). 3 month 66.83:90.00  17.82+2.83 <0.01

Statistical analysis Results of body weight measurementsy, ¢, e mucosa observation of nasal cavitfhe surface of

and lung function indexes were performed by unpaired fz .| cavity (including the turbinate and nasal septum region)
test (two tailed). All data are presented as the MesM 5,4 r3chea of normal group and smoke exposure groups were
(standard error of the meanp<0.05, **P<0.01. showed by scanning electron micrographs (Fig. 1). Most of
the surface on the turbinate region of normal group was
covered with cilia, and goblet cells were evident (Fig. 1A).
However, as the smoke exposure time accumulated, there were

RESULTS

Fig.1. Observation of the surface of nasal cavity (including the turbinate and nasal septum region, A and B, respedtizehgaa(t)
at normal group and smoke exposure groups (1st month, 2nd month and 3rd month smoke exposure group corresponding A1-A3, B1-
B2,C1-C3, respectively) under scanning electron micrographs.
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fewer and fewer goblet cells, and the cilia became moseibmucosa was mildly edematous, often with vascular

disorganized (Figs. 1A1-A3). And on nasal septum regiompngestion and dilation. And the connective tissue was

the morphology of cilia did not change much, but the numbé&osely arranged, accompanied by a small amount of

of cilia and goblet cells decreased significantly as compar&gnphocyte infiltration. Investigations by comparison on

with the normal group (Figs. 1B-B3). smoke exposure groups revealed this degree of pathological
abnormality was positively correlated with the duration of

Morphological structure observation of trachea.The smoke exposure by comparison (Figs. 2A1-A3).

mucous membrane of trachea of normal group was lined with

typical respiratory epithelium by scanning electrorLung

micrographs. Ciliated columnar cells with well-developed cilia

on the apical surface and numerous goblet cells were show2eltection of lung function indexesGeneral lung function

(Fig. 1C). However, with the accumulation of smoke exposurgdexes of normal group and smoke exposure groups were

there were obviously abnormal changes in the typical mucosakasured by standard methods using Pulmonary Function

structure of the trachea of smoke exposure groups, particulafigsting (DSI/BUXCO® PFT Controller, USA). Table I

in the 3rd month smoke exposure group, a large numbersifows the results of general lung function indexes. PEF,

goblet cells were collapsed and damaged, and cilia had becawi®lEF and ERV were decreased in thiérbonth smoke

sparse and disorganized, or even broken (Figs. 2C1-C3). exposure group as compared with the normal group of rats
(P<0.05). However, FRC, PEF, MMEF and ERV were

Light microscopy of wall of the trachea in transverselecreased in the"2month smoke exposure group as

section was showed by HE. The tracheal lumen was linedmpared with the normal group of rafs:0.05 orP<0.01).

by respiratory epithelium (RE), a mixed seromucous glarid addition, all lung function indexes including FRC, FVC,

(GL) in the submucosa drains to the epithelial surface vid@, PEF, MMEF and ERV, were decreased in then®nth

small duct, hyaline cartilage (HC) surrounded bymoke exposure group as compared with the normal group

perichondrium is situated on the outer aspect of airway (Fi@<0.05 orP<0.01).

2A). However, for smoke exposure groups, the necrosis and

exfoliation of epithelial cells can be uncovered in the mucd4orphological structure observation. Light microscopy

sa, where pyknosis nucleus were hyperchromatiof the lung in transverse section from normal group and

fragmented or dissolved and disappeared. Moreover, thmoke exposure groups were showed by HE. The bronchial

%’é . 8 (_,)w‘.;."’ ey L S, & _ > #

Fig. 2. Histologic structure of the trachea (A) and lung (B) at normal group and smoke exposure groups (1st month, 2rdi 3ndnth an
month smoke exposure group corresponding A1-A3, B1-B2, respectively) in HE staining on paraffin section.

Table 1. Lung function indexes of rats in control and smoke exposure group.

; 1st month /Mean = SD (n=6) 2! month /Mean = SD (n=6) 3 month /Mean £ SD (n=6)
tems Control Smoke exposure Control Smoke exposure Control Smoke exposure

FRC (ml) 12.9441.07 12.1241.45 13.66+0.79 10.82+0.92* 12.43+1.45 7.88+0.67**
FVC (ml) 25.94+1.37 24.4740.91 25.99+1.66 24.20+1.33 26.72+1.40 22.92+1.85%
IC (ml) 22.2141.52 20.5841.30 21.72+1.60 20.4540.95 21.87+1.38 17.84+1.36*
PEF (ml/s) 93.2748.65 80.0145.43* 87.63+7.55 59.54+7.35%* 81.46+7.95 56.0145.21%%*
MMEF (ml/s) 89.2445.77 76.39+4.89* 85.62+4.31 57.17+3.18%* 83.65+4.47 54.7144.99%*
ERV (ml) 5.6140.59 4.624+0.65* 5.34+0.45 4.31+0.36* 5.16+0.46 3.6740.43**

Note: FRC, Functional Residual Capacity; FVC, Forced Vital Capacity; IC, Inspiratory Capacity; PEF, Peak Expiratory FlowMekita&l Mid-
expiratory Flow; ERV, Expiratory Reserve Volume; Note: vs. control group, *P<0.05; **P<0.01.
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epithelial cells were densely arranged, uniformly colore@xtent of this histopathology increased with prolonged smoke
and were normal in shape. Structurally, the alveolar wadkposure.

was normal, like small pockets that were open on one side,

similar to the honeycombs of a beehive. In addition, obvious Transmission electron microscopy showed that the
hyperplasia, edema and inflammatory changes were no fourlttastructure of the alveoli was normal as usual in the nor-
in the normal group (Fig. 2B). However, the alveolar walinal group, such as the intact alveolar wall and the continuous
was moderately thickened in many places, the alveoleteralveolar septum. Meanwhile, the basement membranes
spacing was widened, and there was more granulocy®M) were intact, continuous and uniform in thickness.
infiltration. Moreover, a small amount of bronchial epitheliaBesides, Type | cells showed no edema, collagen fibers (CF)
cells were necrotic and exfoliated, and cell debris could meere abundant, and no large-scale hyperplasia (Fig. 3A).
seen in the bronchial cavity. Due to local hemorrhage, red

blood cells were seen in the bronchial cavity and in the However, for smoke exposure groups, part of the
surrounding alveolar cavity. In addition, mild edema arounalveolar structure was damaged, such as alveolar collapse
the blood vessels and loose arrangement of connective tisand fusion, and alveolar septum damage, in which a small
were showed obviously, with a small amount of lymphocytemount of free flocculent protein can be seen. Alarge number
infiltration appearing in some areas of smoke exposuoéd red blood cells (RBC) aggregated in the interstitial
groups (Figs. 2B1-B3). It was showed as a whole that tleapillaries, and flocculent proteins were distributed in the

Fig. 3. Observation of blood-air barrier in the lung at normal group (A) and smoke exposure groups (1st month, 2nd mahth and 3r
month smoke exposure group corresponding A1-A3, respectively) with transmission electron microscope. PA, Pulmonary Alveolus;
RBC, Red Blood Cell; BM, Basement Membrane; M, Mitochondria; N, Nucleus; CF, Collagenous fiber; I, Type | Alveolar Cell; End,
Endotheliocyte; PAM, Pulmonary Macrophage, Fib, Fibroblast.
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vascular lumens, but no obvious blockage was foundnd AQP5. Pronounced AQP1 immunohistochemical
Endothelial cells (End) were severely edematous, and thekpression was detected in the endothelium of pulmonary
nuclei (N) were irregularly shaped and bordered bgapillary, vein and artery of normal group and smoke
heterochromatin. In addition, the number of mitochondriexposure groups at rats. Counterstaining with hematoxylin
(M) was less, the membrane structure of mitochondrial wagining was used to identify negative segments (Fig. 4A).
unclear, the cristae were reduced, and the matrix dissolWathereas, for smoke exposure groups, weak labelling of
in a vacuolar shape. Besides, the BM was relatively intaétQP1 was clearly showed in the corresponding part of smoke
but the local structure was indistinct. Type | cells werexposure groups compared with normal group, respectively
markedly edematous (positively correlated with the duratidifrigs. 4A1-A3). Strong expression of AQP5 was localized
of smoke exposure) (Figs. 3A1-A3). in apical membrane of type | cells of the alveolar epithelium
of normal group (Fig. 4B). However, for smoke exposure
AQPs protein examination. A deeper understanding of groups, weak labelling of AQP5 was clearly detected in the
AQPs expression would provide useful information for lungorresponding part of smoke exposure groups compared with
pathophysiology and dysfunction, mainly including AQPhormal group, respectively (Figs. 4B1-B3).

Flg 4 Immunohlstochemlcal examlnatlon of AQPl (A) and AQP5 (B) proteln abundance in the Iung at tissue section from)nprmal ar
and smoke exposure groups (1st month, 2nd month and 3rd month smoke exposure group corresponding A1-A3, B1-B2, respectively).

DISCUSSION

Public awareness of the detrimental effects of athanges on body mass and lung function indexes may reflect
pollution on respiratory health is increasing, particularly isuboptimal body functioning.
relation to haze days in daily, and remains a major global
public health threat. As we all know, respiratory system Normal Cilia, which are cylindrical projections from
includes two main functions of ventilation and oxygenatiorthe apical surface of the mucosal columnar epithelial cells,
and the corresponding functional structures are the airwagi®e complex structures of airways in which its function is
and pulmonary alveoli, respectively. Before the inspired adritical to respiratory defense. Cilia beat in a coordinated
enters the alveoli, it should be cleansed firstly. To carry ootanner to clear upper airway of the mucus blanket that are
this function, the mucosa of airways is lined with aontinually inspired in normal respiration (Houtmeyets
specialized respiratory epithelium, and there are welll., 1999; Satir & Sleigh, 1990). Mucus produced by goblet
developed cilia and numerous mucous/serous glandalls interspersed on the apical surface of epithelial cells
(Wanner, 1986). In a word, these structures are necesshaye a tremendous effects on mucociliary clearance
and together carry out so-called mucociliary clearance. (Houtmeyerst al, 1999). Certaily, the structure of mucus

itself is also altered by disease states, such as cigarette smoke

In this study, firstly we observed the data on monthl{Kreindleret al, 2005; Coheret al, 2009). In this study, as
measurement of body mass gain were markedly differenttee smoke exposure time accumulated, there were fewer and
compared with normal group, and it was decreased overdiver normal goblet cells, and the cilia became more
with prolonged smoke exposure. In addition, lung functiodisorganized in the nasal cavity andtrachea. Additionally, the
indexes including FRC, FVC, IC, PEF, MMEF and ERVhumber of normal cilia and goblet cells decreased significantly
were decreased to some extent, especially in the 3rd moathcompared with the normal group. In cystic fibrosis (CF),
smoke exposure group. Therefore, it hinted the abnornwlsfunctional chloride transport secondary to a mutation of
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the gene for the protein CF transmembrane conductareidies in lungs of AQPs knockout animals demonstrate that
regulator results in abnormal mucus and severe mucocilidrgth AQP1 and AQP5 mediated the dominating route for water
dysfunction (Hegalet al., 2007; Virginet al, 2010). flux across the pulmonary microvascular endothelium (Ma
Therefore, it is suggested that these pathological findings metyal., 2000; Kinget al, 2002). In this study, compared with
explain why smoke exposure groups show airwagormal group, weak labelling of AQP1 and AQP5 were clearly
histopathology similar to that of CF patients, most likely viaetected in the corresponding part of smoke exposure groups
disruptions in mucosal ion transport (Gudisal, 2012). compared with normal group, respectively. In addition,
evidences from reports on lung diseases that AQPs are
Previous studies have demonstrated that it is criticadvolved especially in those diseases that are caused or
to keep fluid balance in respiratory tract and alveolusccompanied by perturbed balancing resorptive and secretory
epithelium to maintain normal respiratory functionfluid homeostasis, such as asthma, chronic obstructive
Resorptive and secretory fluid transport across epitheliupulmonary disease and acute lung injury (Wanal, 2007;
must be kept in a range that guarantees an appropriate §hsnet al, 2012; Zhacet al, 2014; Zhangt al, 2015; Tao
exchange and other functions, such as mucociliary clearamtal, 2016). Based on the result of reducing protein abundance
(Songet al, 2017; Wittekindt & Dietl, 2019). AQPs are waterfor AQP1 and AQP5 in the smoke exposure groups in this
channel proteins supposed to facilitating fluid transport istudy, therefore, it is suggested that the contribution of AQPs
airway humidification, submucosal gland secretion anid transendothelial and transepithelial water permeability
alveolar space, including AQP1, AQP3, AQP4 and AQP&amely near-isosmolar fluid homeostasis) is diminished,
(Yasuiet al, 1997; Nielsemt al, 1997; Funakeét al, 1998; thereby affecting the normal balancing resorptive and
Kredaet al, 2001; Kraneet al, 2001; Maedat al, 2005; secretory fluid transport.
Schmidtet al,, 2017).
Taken together, the formation and stabilization of ASL
The lining liquid of respiratory tract and alveoli, alsais at least involved osmotic gradients and endothelial/epithelial
denoted airway or alveolar surface liquid (ASL), has severbarrier, the former is a result of active ion transport, while the
functions in the previous studies, such as protectiotgtter depends on AQPs-mediated transendothelial/
mucociliary clearance (Ravagbal, 2011; Wineet al, 2018). transepithelial transport. At least, general down-regulation of
ASL formation and stabilization both depend on fluid secretioAQPs protein abundance in the lung of smoke exposure
and resorption, as a result of active ion transport. Thereforesitggests that ASL is abnormal balance, especially in the
was consistent as we just have discussed that smoke exposm@othelial/epithelial barrier. Certainly, whether there is a
groups show airway histopathology similar to that of ClEompensation mechanism from osmotically pressure is
patients, most likely via disruptions in mucosal ion transpontinknown so far. To further understand the pivotal role for water
transport in the lung, it maybe needs a more detailed analysis
In addition, beside certain osmotic gradientsand further investigation, despite its difficult experimental and
hydrostatic pressure gradients across endothelial/epitheliathnical accessibility.
barrier can also force water to move from the vascular lumen
onto the apical surface of the lung epithelium. Even though Long-term exposure to cigarette smoke, adverse
the pathways for transepithelial ion transport across pulmonarfyanges of form and function may develop in the lining of
epithelia are well established, the pathways for water fluiairways and alveolar, for example, mucus production is
remained elusive, especially fluid transport via AQPs in thiacreased, ciliary function is depressed, mucosal characteristics
lung (Wittekindt & Dietl, 2019). AQP1 is reported to beare altered and so on. More importantly, the function of AQPs-
localized in plasma membranes of endothelial cells that formediated transendothelial and transepithelial water flux is
the barrier of blood vessels along the airways as well as witldiminished, thereby affecting ASL formation and stabilization
the respiratory and alveolar regions (Towhal, 2000; Maeda in some extent. It also was reported that IL-13 transiently
et al, 2005; Donget al, 2012; Wuet al, 2015). AQP5 is downregulated AQP5 mRNA levels in asthma with
detected in the apical membrane of cuboidal cells alonigflammatory process of the airways (Kraateal, 2009; Dong
respiratory bronchiole and in alveolar epithelial type ? cellst al, 2012; Ran&t al, 2016). Therefore, additional studies
(Jianget al, 2015; Kredaet al, 2001; Donget al, 2012; on IL-13 would be required to study the signaling cascades
Fabregatt al, 2014). involved overall down-regulation of AQPs whereby exposure
to cigarette smoke. Furthermore, even when these basic issues
Generally, water that covers the surface of airwayare well understood, it will still be a great challenge to elucidate
and alveoli originates in the vascular compartment, frothe exact role of AQPs in lung physiological and
where it has to pass two barriers in series into the airspace yiathophysiological processes under special conditions and
AQPs-mediated transendothelial/transepithelial water fluxisease.
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