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Abstract

Backgroundinstability of the Microsatellite DNA (MSI) and Iss of Heterozygosity
(LOH) have been previously detected in sputum c#llSOPD patients. However, the
particular cell subpopulation exhibiting genetistability in COPD was uncertain.
The aim of this study was to determine which ogletexpresses Microsatellite DNA
Instability in sputum and BALF samples from COPDigats.

Methods: Thirty five COPD patients and 30 non-COPD smokeeye studied.
Sputum was induced from 20 COPD patients and 26G@RD smokers and BALF
was obtained from 15 COPD patients and 10 non-C®RDkers. The sputum cell
pellet and BALF samples were processed using immagoetic technology to
separate antibody-specific cell subpopulation)gSD45+ for leukocytes, Epithelial
enrich (MACS) for sputum epitheliaklls and HEA-human epithelial antigen-(Dynal)
for BAL epithelial cells. Microsatellite DNA ampidation was performed using
specific primers, namely G29802, D6S2223, D6S348SZH3, D5S207, D13S71,
RH70958, and D17S250. The presence of MSI and/df i@s analyzed with LI-
COR Saga GT Microsatellite Analysis Software.

Measurements and main resultdone of the non-COPD smokers exhibited any

genetic alteration. MSI and LOH were found in feern out of thirty five patients (7
MSI cases and 7 LOH) in sputum and BAL samples. t&l/or LOH were revealed
only in the epithelial barrier cells. LOH was dd&gtin D5S207, D6S344, G29802
and D17S250 microsatellite markers, while MSI in3871, D5S207 and D6S344.
The entire leukocyte subpopulation exhibited noegjeralteration.

Conclusions: Our results support the hypothesis that chronitanmmation and

oxidative burden in COPD can lead to DNA damagéehef lung epithelial barrier



cells, detected at the Microsatellite DNA level.rtRer studies are required to

investigate the significance of these findingsh& pathogenesis of COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is agomhealth problem
worldwide with increasing prevalence, morbidity amsbrtality. Although chronic
obstructive pulmonary disease (COPD) is a commgeagie and its primary cause,
cigarette smoking, is well known, a large numbegudstions remain to be elucidated
regarding disease pathogenesis involving genegosjronmental and epigenetic
factors [1, 2]. The genetic background of COPD besn the focus of many recent
studies [3]. The role of acquired somatic mutagionthe pathogenesis of COPD has
been shown to be important [4, 5]. Acquired somatigtations are considered as
sporadic changes in genes or gene regulatory redlmat occur spontaneously and
rarely. However, they dramatically increase in freacy in tissues exposed to
repeated exogenous mutagenic insults. Althoughstiseeptibility to acquiring such
mutations might be controlled by inherited genespatic mutations do not affect the
germ line and are not heritable [4].

Microsatellites are unique to every individual ai@ntical in cells from
different tissues in the same individual [6]. These highly polymorphic markers
used for genome mapping in many organisms inclubdingans and are often located
in or near important gene loci, allowing them toused as markers for disease and
providing information about individual gene statg]. The assessment of
microsatellite DNA instability in peripheral tisstsamples has offered a reliable
means for the study of acquired mutations. Thisdsomplished with the use of
microsatellite markers targeting specific chromoabfoci near or in genes that are
known or suspected to be implicated in the pathegisnof a disease [4, 7]. Loss of

heterozygosity and microsatellite DNA instabilityeagenetic alterations that have



been initially reported in a number of human cascend in precancerous and
malignant lesions of smokers [8-17]. However, dginmecent years such phenomena
have also been detected in various benign pulmoaadyextra-pulmonary diseases
[5, 7, 18-20]. We have recently detected microstaeDNA instability (MSI) and/or
loss of heterozygosity (LOH) in sputum cells of @DB&nd asthmatic patients. [5, 7,
18-20]. To our knowledge MSI and/or LOH have not peen detected in BAL
samples from COPD patients. However the particglamtum and/or BAL cell
population exhibiting this genetic instability hast yet been identified. Thus, in
continuation of our previous work [5, 18-20], theesific aims of this study were to
examine whether airway and bronchoalveolar celés @one to somatic acquired
genetic alterations by evaluating sputum and BAlefiscand to determine which
specific cell population is affected by these sacnatquired genetic alterations. The
identification of the susceptible cell populatian gomatic DNA damage in COPD
may elucidate an important component of diseadeopanesis. The natural ability of
the injured lung in COPD to shut down persistinffaimmation and initiate proper
tissue repair is dependent on intact DNA auto repschanisms. Thus, our study
could answer whether increased inflammatory burderCOPD patients results in

acquired somatic DNA mutations of lung epithelia.

Materials and Methods

Subjects

A total of 35 COPD patients and 30 control subjécts1--COPD smokers) were

studied. All patients were diagnosed with COPD, ®Gitage Il. All COPD patients



were ex-smokers more than 6 months, whereas theotgrnoup consisted of current
and ex-smokers. However, all current smokers haddrawn smoking at least 48
hours prior to bronchoscopy or sputum induction.

Patients were allocated in two groups: the firsiugr (A) consisted of 20 COPD
patients who underwent sputum induction, 18 mates2afemales. Their median age
was 69 +9 years and their smoking habit 50.5 +1yl fhe second group (B)
consisted of 15 COPD patients, 12 males and 3 fspalvho underwent
bronchoscopy and BALF for diagnostic reasons. Thedian age was 64 +11 years
and their smoking habit 61.3 +13p/y. Patients eiindp malignancies or interstitial
lung disease were excluded from the study. Theeptgienrolled at the study were
free of exacerbations for a minimum period of onenth. Table 1 shows the
demographic and spirometric characteristics optgents in each group.

The control group consisted of 30 non-COPD smokeith, median age of 5617
years, and smoking history of 52+9 pack/years. &ltfh the control group seemed
younger in age than the two groups of COPD patjertstatistically significant
difference was observed in relation to age amomgrobgroup and group A (p=0.32)

or group B (p=0.53).

Pulmonary function

Spirometry, including a bronchodilation test, wasfprmedin all subjects using a
computerized system (Master Lab 2.12; Jaeger, Wiigzb Germany). The
measurements of FEVFVC and FEW/FVC met the European Respiratory Society/
American Thoracic Society consensus statementHerdiagnosis of COPD [11].

Mean spirometric values for group A (sputum) wegest-bronchodilation FEM%



pred): 61 8 AFEV; 4+1.3%, FVC (% pred): 77+12 and FENVC: 59 +4. Group B
(BALF) had median spirometric values of post-brartitation FEM (% pred): 63
+11.5,AFEV;: 5.242.3%, FVC (% pred): 78+9 and FEFVC: 58 +6 [Table 1).

The mean spirometric values of the control groupn{@OPD smokers) were

FEV1 (% pred): 92+4, FVC (%pred): 88+4 and FEV1/F{#G): 83+8.

Soutum induction / Bronchoscopy

Sputum was induced via inhalation of a hypertonaine aerosol (3 to 5%enerated
by an ultrasonic nebuliser (Ultraneb 2000; DeVabiSomerset, PA, USA), according
to standard protocol [8-10]. In detail, three eapry manoeuvres were performed
15 minafter inhalation of 200 pg salbutamol and the hsglaalue was taken as the
baseline FEY. Subjects then inhalethe hypertonic saline aerosols for three
consecutive periods of 7 miRlow manoeuvres were performed after each inhalatio
Subjectswere then encouraged to cough and to expectorateirapintoa sterile
plastic container which was kept on ice.

Bronchoscopy was performed under local anaesthesith a flexible video
bronchoscope (Pentax EB1830). The study subjectslerurent diagnostic
bronchoscopy for the investigation of haemopty$tatients exhibiting possible
malignancies were excluded from the study. Lavage werformed at the right

middle lobe. The BAL samples were kept on ice ardewmmediately processed.

Cell separation
a. Sputum samples
The sputum cell pellet was processed with magrs®ds technology to separate

antibody-specific cell populations. All sputum sdesp were processed with
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Dynabeads (Dynal, Invitrogen, Carlsbad, CA, USAjaading to the manufacturer’s
protocol. The sputum samples were initially proeessvith dithiotreitol (DTT)
solution, PBS buffer solution and centrifuged a0@&pm for 10 min. Sample
viability, total and differential cell counting waassessed according to standard
protocol [18-20]. The cell pellet was incubatedhnétppropriate dynabeads, then the
sample was exposed to a Dynal magnet and the \mgitiselected cellular
subpopulation adhered at the side wall of the egpgdrntube. The antibodies used
wereCD45+ (Dynal, Invitrogen, Carlsbad, CA, USA) foukecytes (macrophages,
eosinophils, neutrophildymphocytes) and Epithelial Enrich (Dynal, Invitery
Carlsbad, CA, USA) for epitheliakells. Thus, each sample yielded two products: a.
the epithelial positive selected cells and b. thékbcyte positive selected cells. Dynal
technology was more suitable to separate sputunpleanbecause the absence of a
filtering step of the samples yielded better ressihce the sputum samples are more
viscous than BAL samples.

b. BALF samples

BALF samples were processed with MACS magnetic ®esethnology and
MiniMACS magnetic separation columns (MACS Techmgglo Miltenyi Biotec,
Germany). BAL samples were simply filtered throwgfQum pore filter to discard
debris and then were incubated with cell-specifia®% microbeads. The samples
were then easily and successfully processed vidMiheMACS separation columns
according to manufacturer’s instructions, yielditwgo products: a. the epithelial
positive selected cellular subpopulation and b.@le 45+ positive selected cellular
subpopulation. The antibodies used for BALF samplesre CD45+ (MACS

Technology, Miltenyi Biotec, Germany) for leukocytémacrophages, eosinophils,
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neutrophils,lymphocytes) and HEA-human epithelial antigen (MAT&chnology,
Miltenyi Biotec, Germany) for epitheliaklls.

The technique of magnetic separation of epithelrad leukocyte populations from
sputum and BAL samples was verifiading standard flow cytometry (COULTER

EPICS XL Flow Cytometer, Beckman Coulter, USA).

DNA extraction

DNA extraction was carried out separately, aftegnedic separation, from each cell
population from sputum and BALF samples (leukocyaesl epithelial cells). In
parallel DNA was extracted from matched periphétabd samples of each patient
according to standard protocdts blood samples. (QIAmp DNA Blood Mini Kits;
QIAGEN, Inc., ValenciaCA, USA). Three different DNA extracts were anagz
from each patient simultaneously. In group A, welgzed DNA from sputum
epithelial cells, sputum leukocytes and blood. gtaup B, we analyzed DNA from

BALF epithelial cells, BALF leukocytes and blood.

Microsatellite markers and microsatellite DNA instability analysis

Microsatellite DNA amplification was performed uginthe following eight
polymorphic primers G29802, D6S2223, D6S344, D6$S263S207, D13S71,
RH70958, and D17S250. All markers were previousipvwan to exhibit MSI in

COPD [9, 10]. The sequences of the MS markers us=eé provided through the

National Center for Biotechnology Information daaé (www.ncbi.nim.nih.ggv
The PCR technique was used to amplify DNA sequerR€Ramplifications were

carried out in 50-pL final volumeesaction mixtures in a TECHNE C-412 thermal
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cycler (MIDSCI, St Louis, MO, USA), using the Qiagdag PCR Core Kit
(QIAGEN, Inc., ValenciaCA, USA). Forward primers were labelled with the LI
COR IR800 fluorochrome (LI-COR, Lincoln, NE, USA). Thiellowing thermal
cycling protocol was applied: 3 min at 94°C, follesby 30 cycles at 94°C for 30 s,
55°C for 30 s,72°C for 30 s and 72°C for 5 min, and terminaa¢d°’C. The PCR
products were analysed and visualised with LI-CQIBe&SGT Microsatellite Analysis

Software (LI-COR, Lincoln, NE, USA).

MSI and/or LOH were identified by comparitige electrophoretic patterns of: a. the
triplets consisting of sputum epithelial cells, &pn leukocytes and peripheral blood
and b. the triplets consisting of BALF epitheliaélls, BALF leukocytes and
peripheral blood. All MSI and/or LOH positigamples were tested twice using fresh
DNA and showed 100% reproducibility.

Satistical analysis

Descriptive data were expressed as mean = SD fonaily and as median (min-
max) for non- normally distributed variables. ThESS version 16.0 for Windows
(Chicago, IL, USA) was used for the entire analgsid a p value < 0.05 was used to
indicate significance.

Ethics

This research protocol was approved by the MedResearch Ethics Committeé
the University Hospital of Heraklion, Crete, Greexwl written informed consent was

obtained from all patients included in the study.

Results
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Immuno- magnetic separation was performed in sp@ndBALF samples,
in order to isolate two specific cell populatioa¥leukocytes and b) epithelial cells.
This was verified by flow cytometry using anti-ci@yatin-FITC (MACS
Technology, Miltenyi Biotec, Germany). The puritiygpithelial cells ranged from
78% to 93% [Figure 1). Then, each cell subpopulation was processegenomic
analysis. None, of the healthy control subjectbjldted any genetic alteration in the
eight microsatellite markers testétigure 2 is a typical example of MSI exhibited in
marker D13S71 in sputum epithelial cefsgure 3is a typical example of LOH
exhibited in marker G29802 in BALF epithelial celMicrosatellite DNA alterations
were detected only in the epithelial cells of bgplatum and BALF samples. In the
sputum samples group five patients exhibited DNArations (25%). LOH was
detected in three patients in microsatellite mak@8S344 (1 patient), G29802 (1
patient) and D17S250 (1 patient), while MSI in tpatients D13S71 (1 patient) and
D6S344 (1 patient). In the BAL samples group seatients exhibited DNA
alterations (47%). LOH was detected in four paseint markers D5S207 (2 patients),
G29802 (1 patient) and D17S250 (1 patient) whild M$ patients, in markers
D5S207 (1 patient) and D13S71 (5 patients). Thiedeyte cell populations in both
sputum and BAL samples did not exhibit any genatieration.Table 2 shows MSI

and LOH for all markers tested, in all subjectssputum and BALF.

Discussion

The main finding of this study was that somatic Didkerations in sputum
and BALF, was exclusively exhibited in the epithéicells. This might represent a
significant observation taking into account thetcarole of epithelial cells in COPD

pathogenesis [22]. We have used magnetic beadsdiegly and microsatellite DNA
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analysis in order to identify the cellular subpa@gidn susceptible to somatic DNA
damage in COPD patients. This is the first studyeparate sputum and BAL cellular
subpopulations using magnetic technology in COPzpts.

In the present study MSI and/or LOH were found esiglely in the epithelial
sputum and BALF cells of COPD patients. Epithetls constitute the outer cellular
layer of the bronchial tree and are thus exposetitoerous host and environmental
insults. It is well known that the increased burd@énnhaled oxidants from cigarette
smoking and the increased amount of reactive oxygpeties generated by various
inflammatory cells of the airways, could seriouaf§ect the air-lung barrier system.
Thus, increased oxidative stress may cause sommtiations in the microsatellite
DNA of the epithelial lung cells, leading to reddcBNA mismatch repair system
activity and permanently altering their DNA autgag ability [23]. In normal
conditions the human DNA mismatch repair (MMR) syst corrects single-base
mismatches and small insertion or deletion loops drtcur during DNA replication
[6, 24, 25]. Chronic inflammatory diseases, such GBPD, create significant
oxidative stress to cells and tissues. It has Ipgeposed that the inactivation of the
MMR system function due to oxidative stress maydsponsible for the MSI seen in
non-neoplastic diseases associated with chronlanmhation [26]. Moreover, the
reduced MMR system activity as a result of oxidatstress may cause somatic
mutations and subsequently enhance microsatetigability in other target genes
that also contain microsatellites in their codiegions [26]. These target genes could
be implicated in the pathogenesis of various dsgdRecently we have detected
microsatellite DNA instability (MSI) in sputum celbf COPD patients. Since COPD

patients seem to reveal a significant incidencehee alterations (49%), further
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investigation was needed to identify the susceptid DNA damage cellular
population [19, 20].

Specific microsatellite markers (RH70958, D5S2076SR223, D6S344,
D6S263, G29802, D13S71, D14S588, D14S292 and DIjSed/e been evaluated
as they were located closely to genes related t®@Z@athogenesis, such as CD8
antigen, IL4, beta-adrenergic receptor, tumour assr factor, serine proteinase
inhibitor genes (serpines), protease inhibitor (Ri6d P19) endothelin, perforin,1-
antitrypsin, apoptosis-antagonising transcriptiaatér [5, 19-20]. All LOH and MSI
alterations in epithelial cells, seen in this stuhe of particular interest in COPD
pathogenesis. In detail, analyzing genetic altenatifor each marker separately we
found LOH inD5S207in the epithelial cells obtained from BAL from two COPD
patients and MSI in thepithelial cells obtained from BAL from one COPDtipat.
This marker targets a locus in chromosomal regigmé&ar the coding region for
interleukin 4 (IL-4), a pro-inflammatory cytokinéadt is upregulated and associated
with mucous cell hyperplasia and mucus hypersesrati COPD patients [27, 28].
Moreover marker D5S207 is located near the codigjon for the betaf]-2
adrenergic receptor (ADBR2). Beta-2 adrenergic &gemepresent the cornerstone of
pharmaceutical treatment for COPD [29, 30]. LOH wahkibited in markeD6S344
in sputum epithelial cells in one patient and MBIBAL epithelial cells and in
sputum epithelial cells in two different patientsMarker D6S344 is located in
chromosomal region 6p25, next to the serine prasaninhibitors genes (serpins),
which have been associated with inflammation anategtion from autolysis by
granule proteinases [31]. Protease inhibitor BR@ PI1-9 are members of the family
of serpins that are primarily found in placentayguand lymphocytes. PI-9 has been

shown to be a fast-acting inhibitor of granzymer8l af human neutrophil elastase in
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vitro [32]. LOH was exhibited in marke®29802in sputum epithelial cells in one
COPD patient and in BAL epithelial cells in one dDPpatient. Marker G29802 is
located in chromosomal area 10q and targets thirpergene. Perforin’s direct
cytotoxic effect against the lung epithelium of ADpatients is well known [33, 34].
The microsatellite markdd13S71exhibited 5 cases of LOH in BAL epithelial cell
samples while MSI was detected in one sputum dpitreell specimen. This marker
is located on chromosome 13q near coding regionth® TNF superfamily member
13B who promotes primary B cell proliferation [35finally, marker D17S250
revealed LOH in one sputum epithelial sample andria BAL epithelial sample in
two COPD patients. Marker D17S250 is located ororiosome 17q next to the
apoptosis-antagonizing transcription factor (AAT&ne, which is involved in cell
cycle control, gene transcription and protectsscafjainst oxidative damage [36].

In conclusion, our findings support the hypothdsisthe initiation of COPD
[37] that persistent inflammation and oxidative dem due to cigarette smoke could
affect the cellular component of the air-lung barsystem (LEBCs- Lung Epithelial
Barrier Cells) in the central and the peripherailvays leading to oxidative DNA
damage of LEBCs [37]. Further inactivation of the¥iI® (human DNA mismatch
repair system) due to increased oxidative burdardceesult in acquired somatic
mutations in the Microsatellite DNA of LEBCs, rafteng a dysfunctional turnover of

the epithelia, in COPD.
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FIGURE LEGENDS.

Figure 1: Representative flow cytometry images of a sputumpde. (A):
Sputum cell mixture before separation (FS=forwahtter, SS=side
scatter). (B): Background autofluorescence of #raes sputum samplé€C):

Positive fraction with enriched epithelial cells.

Figure 2: Representative gel image of Microsatellite DNA #imlity

(MSI), in the microsatellite marker D13S71 analyseth LI-COR Saga GT
Microsatellite Analysis Software in a Sputum samglbe expected PCR
product size for the locus D13S71 is between 6 BF7ANCBI UniSTS:

146806). Each allele is characterized accordinitsteize. The blood DNA
sample (panel A) and the sputum leukocyte DNA (p&)eshow one allele
in 69bp, painted purple (together which its coroegpng peak) and the
other in 73bp, painted green. On the contrary,siietum epithelial DNA
(panel B) is misplaced showing clearly the insigbilThe first allele is in

71bp (colored light blue) and the second in 75bpr(ge).

Figure 3: Representative gel image bbss of Heterozygosity (LOH) ), in
the microsatellite marker G29802 in a BALF samgealysed with LI-
COR Saga GT Microsatellite Analysis Software. Thpeeted PCR product
size for the locus G29802 is between 200-220 bpBNONISTS: 78816).
Each allele is characterized according to its sizee blood DNA sample
(panel A) and BALF leukocyte DNA (panel C) show aaiele in 208bp,
painted yellow (together which its correspondin@lpeand the other in
210bp, painted purple. On the contrary, in the BAdpithelial DNA sample
(panel B) the first allele is located in 208bp pathyellow while the other

is missing.
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The greater the peaks are the most amplified the sequence is. Lower peaks
only show by-products of the reaction. (BL: DNA specimen obtained from
peripheral blood; EP (+): DNA specimen obtained from epithelial cells;

EP(-): DNA specimen obtained from leukocytes; bp: base pair).



Table 1 Subjects demographic and spirometric cheviatics

COPD patients COPD patients Non-
Group A Group B pvalu¢  COPD
IS samples BALF samples smokers
Number 20 15 30
(20 sputum/
10 BALF)
Age (meanx SD) 69 19 64 11 NS 56+17
Sex (M/F) 18/2 12/3 NS 24/6
Smoking (mean* SD) 50.5 14 61.3 +13 NS 5249
FEV1% pred 61 +8 63 +11,5 NS 95+11
AFEV (reversibility)% 4+1.3 5.2+2.3 NS 2.7+1.4
FVC % pred 77+12 7819 NS 92+13
FEV,/FVC 59 +4 58 +6 NS 825
Total cell count 6.75 x 10 2.83x 10

(4.22-11.72 x19) (1.4- 7 x16)
Differential cell counts in IS and BAL samplegmean+ SD)

Neutrophils % 59.7 9.3 3.8+2.1
Macrophages % 28.3 4.6 69.2 £9.4
Lymphocytes % 2.2 +0.6 17.8 4.6
Eosinophils % 1.9 +0.9 0.6 £0.4
Columnar epithelial 2.1+0.7 1.2+0.6
cells %

IS: induced sputum, BALF: bronchoalveolar Lavagaidfl NS: non significant

(p>0.05); FEV\: forced expiratory volume in one second; FVC: &twital capacity;

AFEV; = reversibility after bronchodilation;

* p-value between group A and group B patient dMann-Whitney test for

continuous variables or Chi-squared test for categbdata, as appropriate)



Table 2 Table of MSI and LOH in COPD patients

COPD
pts

Marker
G29802

Marker
D6S2223

Marker
D6S344

Marker
D6S263

Marker
D5S207

Marker
D13S71

Marker
RH70958

Marker
D175250
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A: Blood DNA
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