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ANOTACIJA

Siksiinu plausu vézis (SSPV) ir visagresivakais plausu véza paveids, kur kimijterapija
lauj ieverojami pagarinat pacienta dzivi un samazinat slimibas simptomus. Daudzos
gadijumos ir iesp&jama pilnas remisijas sasniegiana. Tomér metastatisku SSPV uzskata par
neizarstéjamu slimibu, jo praktiski vienmér audzgjs recidivé un kliist neuznémigs pret
specifisko terapiju. Véza cilmes $iinas var biit atbildigas par SSPV recidivu un rezistences
attistibu. Hedgehog signalcels regulé vairakus ar cilmstinam un proliferaciju saistitus génus,
tadgjadi veicinot cilmsiinu un audu progenitoro Siinu izdzivoSanu un proliferaciju.

Darba meérkis. Pieradit, ka kliniskajiem parametriem un Sonic Hedgehog (Shh)
embriogenézi regul&josa signalcela aktivitatei ir prognostiska nozime sik$tinu plausu véza
pacientiem, ka arT izvertét iesp&jamo signalcela saistibu ar rezistences veidosanos.

Darba uzdevumi.

1. Izvertet kliniskos prognostiskos faktorus un arstéSanas rezultatus siks$iinu plausu véza
pacientiem Paula Stradina KUS Onkologijas klinika.

2. Izvertet iespgjamo prognostisko nozimi ar Shh signalcelu saistito génu aktivitatel
attieciba uz pétijuma SSPV pacientu dzivildzi.

3. Izvertét Shh signalcela iesp&jamo nozimi rezistences attistiba, salidzinot ar Sonic
Hedgehog signalcelu saistito génu ekspresiju SSPV biopsiju paraugos pirms terapijas
un recidiva laika.

Materiali un metodes. Promocijas darbs tika sadalits tris dalas atkariba no pétijuma
uzdevuma.

Pirmaja pétijuma dala retrospektivi tika analizéti 100 secigi pirmreizgjie SSPV
pacienti, kas bija noziméti specifiskai terapijai laika posma no 2006. gada augusta Iidz 2009.
gada decembrim. Tika apkopoti pacientu kliniskie un demografiskie dati un veikta korelaciju
analize to ietekmei uz kopgjo dzivildzi (OS).

Otraja, prospektivaja, pétijuma dala laika posma no 2010. gada oktobra lidz 2014.
gada janvarim rekrutgja un analiz&ja 12 SSPV pacientus ar IIT un IV stadijas slimibu. Pacienti
tika iedaliti 1sas (OS < 9,6 ménesi) un garas (OS > 9,6 ménesi) dzivildzes grupas un tajas tika
salidzinata mRNS ekspresija katram Shh signalcela asociétajam génam (Glil, SMO, SUFU,
PTCHL1, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twist1) pirmsterapijas audzgja biopsiju
paraugos.

Tresaja pétijuma dala tika analizéti 3 SSPV slimnieki no prospektivas pétfjuma dalas,
kam tika iegiiti audz&ja biopsiju paraugi ari recidiva laika. mRNS limeni katram Shh
signalcela saistitajam gé€nam salidzindja viena un ta pasa pacienta pirmsterapijas un
recidivéjosa audzg&ja biopsiju paraugos, ka ari salidzingja katra Shh signalcela saistita géna
ekspresijas Iimena vid€jas vertibas visos pirmsterapijas un recidiva paraugos.

Darba rezultati. Pétijuma apskatitajiem 100 sik$tinu plausu véza pacientiem Kopgjas
dzivildzes raditaji bija 10,2 ménesi lokalizetai stadijai un 7,1 meénesis izplatitai stadijai. 5
gadu dzivildze attiecigi bija 2,6% un 0%. Daudzfaktoru Cox regresijas analiz€ neatkarigie
prognostiskie raditaji bija sieviesu dzimums (HR 2,4601; 95% CI 1,13 — 5,31; p=0,0226) un



pacienta ECOG 0-1 (HR 2,1437; 95% CI 1,35 — 3,41; p=0,0014). Viena faktora Cox
regresijas analize labveligs prognostisks raditajs bija lokaliz&ta slimibas stadija (HR 1,8618;
95% CI 1,21 — 2,86; p=0,0049).

Shh signalcela galvena mérka géna un atslégas transkripcijas faktora Glil statistiski
ticami augstakas ekspresijas vidgjas vértibas tika konstatétas garas dzivildzes SSPV
pacientiem pirmsterapijas biopsijas paraugos, salidzinot ar 1sas dzivildzes grupu (p = 0,0196,
95% CI: 0,000016 to 0,000147). Pargjo Hedgehog signalcela asociéto génu (SMO, SUFU,
PTCH1, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twistl) ekspresijas [imenis starp grupam
statistiski ticami neatskiras.

2,9 reizes zemaka Hedgehog signalcela aktivitates galvena markiera Glil ekspresija
tika novérota recidivéjosas slimibas biopsijas parauga (p = 0,0529), ka arf statistiski
nenozimigi samazinats Shh signalcela 6 saistito génu (PTCH1, HHIP, N-MYC, ZEB2, Twist1l
un ZEB1) ekspresijas limenis tika novérots recidiva laika. Salidzinot ar pirmsterapijas
paraugu, para biopsijas $o génu ekspresija attiecigi bija 2,6; 2,2; 1,9; 1,8; 1,2 un 1,1 reizes
zemaka. 1,8 reizes zemaka ekspresija tika novérota recidiva biopsijas parauga Gli
aktivatoram SMO bez statistiski nozimigas atskiribas. Vienigi Hedgehog signalcela inhibitors
SUFU un divi Shh inducgjamie géni — BCL2 un BMI1 uzradija attiecigi 0,8; 0,9 un 0,8 reizes
augstaku, bet statistiski nenozimigu, ekspresiju pie recidiva.

Secinajumi.

1. Butiskakie kliniskie prognostiskie faktori, kas statistiski ticami uzlaboja dzivildzi, bija
pacientu sievieSu dzimums, labs vispargjais stavoklis un lokaliz&ta slimibas stadija.
ArstéSanas rezultati analizétajiem 100 sik§iinu plausu véza pacientiem bija sliktaki,
salidzinot ar publicétiem literatiiras datiem.

2. Statistiski ticami augstaka Sonic Hedgehog signalcela galvena mérka géna un atslégas
transkripcijas faktora Glil ekspresija tika konstatéta garas dzivildzes (OS > 9,6
meénesi) sikSiinu plauSu véza pacientiem pirmsterapijas biopsijas paraugos, salidzinot
ar 1sas dzivildzes grupu.

3. Hedgehog signalcela komponentu un ar to saistito génu ekspresijas tieSs salidzinajums
viena sik§tnu plausu véZa pacienta para biopsijas pirms terapijas un recidivéjosa
audzgja liecina par Hedgehog signalcela lielakas komponentu dalas aktivitates
samazinajumu recidivejosa sik§tinu plauSu véZa audos, kaut starpiba nesasniedza
statistiski nozimigu veértibu. Tadgjadi Hedgehog signalcela aktivacija varétu nebiit
universals mehanisms sik$iinu plauSu véza rezistences attistibai.

Atslégas vardi. recidivéjoss SSPV; véza cilmes $iinas; Sonic Hedgehog signalcel§; génu
ekspresija; para biopsijas



ABSTRACT

Small cell lung cancer (SCLC) is the most aggressive type of lung cancer where
chemotherapy allows to prolong the life of the patient and reduce the symptoms of the
disease significantly. Complete remission is possible in many cases. However, metastatic
SCLC is considered to be an incurable disease because the tumor almost always recurs and
becomes resistant to the specific treatment. Cancer stem cells may be responsible for the
recurrence of SCLC and development of resistance. The Hedgehog signalling pathway
regulates several genes associated with stem cells and proliferation, thus promoting the
survival and proliferation of stem cells and tissue progenitor cells.

Research Objective. To demonstrate that clinical parameters and the activity of the Sonic
Hedgehog (Shh) embryonic signalling pathway are of prognostic relevance in small cell lung
cancer patients and to evaluate the possible association of the signalling pathway with the
development of resistance.

Research Tasks.

1. To evaluate the prognostic clinical factors and treatment results in small cell lung
cancer patients at the Oncology Clinic of Pauls Stradins Clinical University Hospital.

2. To evaluate the potential prognostic role of the activity of the Shh-associated genes on
the survival of the SCLC patients in the study.

3. To evaluate the potential role of the Shh pathway in the development of resistance by
comparing the expression of the genes associated with the Sonic Hedgehog signalling
pathway in matched pre-treatment and relapsed SCLC biopsies.

Materials and Methods. Based on the research task, the Doctoral Thesis was divided into
three parts.

The first part of the research included a retrospective analysis of 100 consecutive
primary SCLC patients assigned to a specific treatment between August 2006 and December
2009. The clinical and demographic data of the patients were collected, and a correlation
analysis was carried out to establish their impact on the overall survival (OS).

In the second, the prospective, part of the research, 12 stage 111 and IV SCLC patients
were recruited and analysed between October 2010 and January 2014. The patients were
divided into short-term (OS < 9.6 months) and long-term (OS > 9.6 months) survival groups,
and the mRNA expression for each Shh-associated gene (Glil, SMO, SUFU, PTCH1, HHIP,
BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twistl) in the pre-treatment tumor biopsy samples was
compared between the groups.

The third part of the research included analysis of 3 SCLC patients from the
prospective part of the study from whom tumour biopsy samples were also obtained during
the relapse. The mRNA levels for each Shh-associated gene were compared between the pre-
treatment and relapsed tumour biopsies from the same patient, and comparisons were also
made between the mean levels of expression for each Shh-associated gene in all pre-
treatment and relapsed samples.



Study Results. The overall survival in the 100 SCLC patients in the study was 10.2 months
for the limited stage and 7.1 months for the extensive stage. The 5-year survival rates were
2.6% and 0%, respectively. The independent prognostic factors in the multivariable Cox
regression analysis were female sex (HR 2.4601; 95% CI 1.13-5.31; p=0.0226) and patient
ECOG 0-1 (HR 2.1437; 95% CI 1.35-3.41; p=0.0014). In the univariate Cox regression
analysis, limited-stage disease was a favourable prognostic factor (HR 1.8618; 95% CI 1.21-
2.86; p=0.0049).

The mean expression values for the major Shh pathway target gene and the key
transcription factor Glil were statistically significantly higher in the pre-treatment biopsy
samples of the long-term survivors, compared with the short-term group (p=0.0196, 95% CI.
0.000016 to 0.000147). The expression levels for the other Hedgehog-associated genes
(SMO, SUFU, PTCH1, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twist1) were not
statistically significantly different between the groups.

2.9 times lower mean expression of the key Hedgehog pathway activity marker Glil
was observed in the relapsed samples (p = 0.0529), and a reduced expression of 6 Shh-
associated genes (PTCH1, HHIP, N-MYC, ZEB2, Twistl and ZEB1) was observed during
relapse, although statistically insignificant. Compared to the pre-treatment sample, the
expression of these genes in the matched biopsies was 2.6, 2.2, 1.9, 1.8, 1.2 and 1.1 times
lower, respectively. A 1.8 times lower expression was observed in the relapsed biopsy sample
for the Gli activator SMO, with no statistically significant difference. Only the Hedgehog
pathway inhibitor SUFU and two Shh inducible genes, the BCL2 and BMI1, showed a 0.8,
0.9 and 0.8 times higher, but statistically insignificant, expression at relapse, respectively.

Conclusions.

1. Female sex, good performance status and limited-stage disease were the most
significant prognostic clinical factors statistically significantly associated with
improved survival. Based on a comparison with the published literature data, the
treatment results were worse in the 100 analysed small cell lung cancer patients.

2. A ssignificantly higher expression of the major Shh pathway target gene and the key
transcription factor Glil was found in the pre-treatment biopsy samples from the long-
term (OS > 9.6 months) survivors, compared with the short-term survival group.

3. Addirect comparison of the Hedgehog signalling pathway components and the
associated gene expression between the matched pre-treatment and relapsed tumour
biopsies from the same small cell lung cancer patient suggest a decreased activity of a
majority of the Hedgehog pathway components in relapsed small cell lung cancer
tissue, although the difference did not reach statistical significance. Thus, activation
of the Hedgehog pathway might not be a universal mechanism for the development of
resistance in small cell lung cancer.

Keywords: relapsed SCLC; cancer stem cells; Shh signalling pathway; gene expression;
matched biopsies
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DARBA IZMANTOTIE APZIMEJUMI UN SAISINAJUMI

Saisinajums Skaidrojums latviski Skaidrojums angliski

AJCC Amerikas Apvienota véZa komiteja American Joint Committee of Cancer

95% ClI 95% ticamibas intervals 95% Confidence interval

ABC ATF-saistosa kasete ATP-binding cassette

ABCB1 ATF-saistosas kasetes B apaksgimenes ATP Binding Cassette Subfamily B Member 1
loceklis 1

ABCC1 ATF-saistosas kasetes C apaksgimenes ATP Binding Cassette Subfamily C Member 1
loceklis 1

ABCG2 ATF-saistosas kasetes G apaksgimenes ATP Binding Cassette Subfamily G Member 2
loceklis 1

AKT Proteinkinaze B Protein kinase B (PKB)

ALDH1 Aldehida dehidrogenaze 1 Aldehyde Dehydrogenase 1

ASCL1 (ASH1)

Achaete-scute homologs 1

Achaete-scute homologue 1

BCL2

B-Stnu limfomas 2 antiapoptotiskais
proteins

B-Cell Lymphoma 2 Apoptosis Regulator

BMI1 BMI1 Protoonkogéns BMI1 Proto-Oncogene

BP Blakus populacija Side population

cAMP cikliskais 3’,5’ adenozinmonofosfats 3',5' cyclic adenosine monophosphate

CAV Ciklofosfamids- Cyclophosphamide-
(doksorubicins)Adriamicins-Vinkristins (doxorubicin)Adriamycin-Vincristine

CE Karboplatins/Etopozids Carboplatin/Etoposide

CEA Ciklofosfamids/Etopozids/ Cyclophosphamide/Etoposide/
(doksorubicins)Adriamicins (doxorubicin)Adriamycin

CHGA Hromogranins A Chromogranin A

CREBBP cAMP atbildes elementa saistosa cAMP-response element binding Binding
proteina saistosais proteins Protein

DNS Dezoksiribonukleinskabe Deoxyribonucleic acid

ECOG Austrumu onkologu sadarbibas grupa Eastern Cooperative Oncology Group

EMT Epiteliala-uz-mezenhimalo pareja Epithelial-to-mesenchymal transition

EP300 E1A saistosais proteins P300 E1A Binding Protein P300

ESMO Eiropas onkologu kimijterapeitu European Society for Medical Oncology
biedriba

EZH2 Zeste 2 homologa pastiprinatajs Enhancer of zeste 2

FOXC2 Forkhead box C2 Forkhead Box C2

GLI Ar gliomu saistitais onkogéns Glioma-Associated Oncogene

Glil Ar gliomu saistita onkogéna homologs 1 | Glioma-Associated Oncogene Homolog 1

Gy Grejs Gray

HAT Histona acetiltransferaze Histone acetyltransferase

HES HES saimes pamata spirales-cilpas- HES family (hairy and enhancer of split) Basic
spirales transkripcijas faktors Helix-Loop-Helix transcription factor

HEY HEY saimes pamata spirales-cilpas- HEY family (hairy ears, Y-linked) Basic Helix-
spirales transkripcijas faktors Loop-Helix transcription factor

Hh Hedgehog signalcels Hedgehog

Hhip/HHIP Hedgehog mijiedarbibas proteins Hedgehog Interacting Protein
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HMT Histona metiltransferaze Histone methyltransferase

HR Riska attieciba Hazard ratio

IKK Inhibéjosas kappa B kinazes Inhibitory kappa B kinases

LDH Laktatdehidrogenaze Lactate Dehydrogenase

MAP3K7 Mitogéna aktivéta proteinkinaze kinaze | Mitogen-Activated Protein Kinase Kinase
kinaze 7 Kinase 7

MEK Mitogénu aktivéta ekstracelularo Mitogen activated extracellular signal
signalu reguléta kinaze regulated kinase

MHC Galvenais audu saderibas komplekss Major histocompatibility complex

mMiRNS/miRNA | MikroRNS MicroRNA

MLL Jauktas linijas leikémijas histonu Mixed-lineage leukemia histone
metiltransferaze methyltransferase

MRI Magnétiskas rezonanses izmekléjums Magnetic resonance imaging

mRNS Matricas ribonukleinskabe Messenger ribonucleic acid

mTOR Rapamicina mérka receptors ziditajiem | Mammalian target of rapamycin

MYC jeb Pamata spirales-cilpas-spirales E klases | Class E basic helix-loop-helix protein 39

BHLHE39 proteins 39

NCAM Neiralo Stnu adhézijas molekula Neural cell adhesion molecule

NCCN Nacionalais visaptverosais véza tikls National Comprehensive Cancer Network

NeuroD1 Neironu diferenciacijas faktors 1 Neurogenic differentiation factor 1

NF-kappaf Kodola faktors kappa B Nuclear factor-kappa B

N-MYC jeb Pamata spirales-cilpas-spirales E klases | Class E basic helix-loop-helix protein 37

BHLHE37 proteins 37

PCI Profilaktiska galvas apstaroSana Prophylactic cranial irradiation

PD-1 Programmétas Stinu naves proteins 1 Programmed Cell Death Protein 1

PD-L1 Programmétas sinu naves ligands 1 Programmed Cell Death Ligand 1

PE Cisplatins/Etopozids Cisplatin/Etoposide

PI3K Fosfatidilinozitola 3 kinaze Phosphatidylinositol 3 Kinase

PIK3CA PI3K katalitiska apaksvieniba alfa PI3K Catalytic Subunit Alpha

PKR/PCR Polimerazes kédes reakcija Polymerase chain reaction

POU2F3 POU domeéna 2. klases transkripcijas POU Domain Class 2 Transcription Factor 3
faktors 3

POUS5F1 POU 5. klases homeobox 1 POU Class 5 Homeobox 1

PROML1 jeb Prominins-1 Prominin-1

CD133

PSKUS Paula Stradina kliniska universitates Paul Stradins Clinical University Hospital
slimnica

Ptch/PTCH1 Proteins salapits homologs 1 Protein Patched Homolog 1

PTEN Fosfatazes un tensina homologs Phosphatase and tensin homolog

PVO Pasaules Veselibas Organizacija World Health Organization

RAF RAF saimes onkogéns RAF (Rapidly accelerated fibrosarcoma)

oncogene

RAS RAS saimes onkogéns RAS (rat sarcoma viral) oncogene

SALL4 Spalt gimenes transkripcijas faktors 4 Spalt Like Transcription Factor 4

Shh Sonic Hedgehog signalce)$ Sonic Hedgehog

SiRNA Maza interferéjosa RNS Small interfering RNA

SMO Nogludinatais transmembranu proteins | Smoothened transmembrane protein
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SNAI1/SNAI2

Cinka pirkstu proteins SNAI1 un SNAI2

Zinc Finger Protein SNAI1 and SNAI2

SOX2

Dzimumu noteicosa regiona Y 2 doména
transkripcijas faktors

Sex determining region Y-box 2 Transcription
Factor

SSPV/SCLC Sikstnu plausu vézis Small cell lung cancer

SUFU Sapltdusa homologa supresors Suppressor Of Fused Homolog

SwV Seneca ielejas viruss Seneca Valley virus

SYP Sinaptofizins Synaptophysin

TGF-R Transforméjosais augSanas faktors beta | Transforming growth factor-beta

TMB Audzéja mutaciju slogs Tumor mutational burden

TNM Audzéja-limfmezglu-metastazu Tumour—Node—Metastasis

Twistl jeb Pamata spirales-cilpas-spirales A klases | Class A Basic Helix-Loop-Helix Protein 38
BHLHa38 proteins 38

YAP1 Ja saistitais proteins 1 Yes-associated protein 1

ZEB1/ ZEB2 Cinka pirkstu E-box saistoSs homeobox 1 | Zinc Finger E-Box Binding Homeobox 1 and 2

un 2
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IEVADS

Sikstinu plausu vézis ir visagresivakais plausu véza paveids. Pacientu vidgja dzivildze
bez terapijas vai pielietojot tikai lokalo terapiju (kirurgiska vai staru terapija) ir no 1 Iidz 3
ménesSiem kop§ diagnozes briza. SikStinu plauSu véza arstéSanas pamatmetode ir sisteémiska
kimijterapija, kas lauj ievérojami pagarinat pacienta dzivi un samazinat slimibas simptomus.
Vidgja dzivildze pieaug 4 — 5 reizes. Daudzos gadijumos ir iesp&jama pilnas remisijas
sasniegSana. Tomér metastatisku sikStinu plausu vézi uzskata par neizarst€jamu slimibu, jo
gandriz vienmér audzgjs recidivé un klist neuznémigs pret specifisko terapiju. Rezistences
veidosanas mehanisma izprasSana var palidzet arstiem prognozet terapijas efektivitati, ka art
radit jaunus terapeitiskus lidzeklus $1 véza arstéSana.

Pédgjos gados aizvien vairak zinatnisko pieradijumu guvusi ta saucama véza cilmstnu
teorija, kas lauj izskaidrot, kapéc laundabigiem audz&jiem terapijas gaita attistas rezistence.
Veéza cilmsiinu hipotezes biitiba ir ta, ka audzgja pastav stnu hierarhija, kad pasatjaunojoso
cilmstinu neliela populacija izveido visas pargjas audz&ja Stinas asimetriskas daliSanas,
proliferacijas un defektivas diferenciacijas cela. Zinatnieki turpina debates vai §1s audzgju
inici€josas $tnas rodas normalo audu cilmsiinu malignas transformacijas rezultata, vai no
augstak diferencétam audzgja Siinam, kas malignizacijas gaita ir ieguvusas cilms§iinam
lidzigas 1pasSibas. Neatkarigi no to izcelsmes, v€za Stinu subpopulacija ar cilmstnu Tpasibam,
ieskaitot Ienu daliSanos un rezistenci uz pretvéza terapiju, var butiski ietekmét arst€Sanas
rezultatus. Ja laundabiga audzgja ir Stinas, kuras netiek nogalinatas ar standarta kimijterapiju
un staru terapiju, tiesi §is $iinas ir atbildigas par audzg&ja recidivu un/vai metastazém péc
acimredzami veiksmigas sakotngjas arst€Sanas. Siksiinu plausu vézis ir laundabiga slimiba,
kur kliniska pieredze liecina par véZza cilmsiinu subpopulacijas esamibu audzgja. Standarta
kimijterapija var reducét audz&ja masu loti efektivi un pat inducét pilnu remisiju lielakajai
pacientu dalai. Diemzél, recidivs rodas gandriz vienmér. Tas liecina, ka noteiktas, uz terapiju
nejiitigas Siinas izdzivo sakotngjas arstéSanas laika un turpmak audzgju atjauno. Turklat,
recidivéjosa audzgja lielaka véza Stinu populacijas dala iegtist cilm§tinam raksturigu
rezistenci uz pretvéZza lidzekliem. Nemot véra, ka audz&ja recidivi péc panaktas remisijas ir
galvenais mirstibas c€lonis onkologiskiem pacientiem, Tpasi aktuala ir jaunu, tiesi véza cilmes
Stnas selektivi ietekméjosu terapeitisko Iidzeklu izstrade.

Daudz vel ir japrecize par véza cilmsiinam katra konkréta laundabiga slimiba. Tomer
jau tagad ir iegliti dati par embriogenézi regulg&joso signalcelu nozimigumu véza cilmstnu
funkciong$ana. Ipasi svarigi starp tiem ir Notch, Hedgehog un Wnt signalceli. Hedgehog
signalcel$ regulé vairakus ar cilms§tinam un proliferaciju saistitus génus, tadgjadi veicinot
cilms$tnu un audu progenitoro $tinu izdzivoSanu un augsanu.
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PROBLEMAS AKTUALITATE

Pedgja laika literatura paradijusies dati par Hedgehog signalcela saistibu ar
medikamentu izvadiSanas mehanismiem no audzgja $tinam un multi-zalu rezistences attistibu
(Sims-Mourtada et al., 2007). Véza cilm$tnam raksturiga Hedgehog signalcela paaugstinata
aktivitate tika aprakstita sikstinu plausu véza Stnu linijas un audzgju paraugos (\Watkins et al.,
2003b). S signalcela ligandu inhibicija paléninaja sik$tinu plausu véza $inu Iiniju un
ksenograftu proliferaciju (Pasca di Magliano and Hebrok, 2003). Iegiti dati par Hedgehog
sisteémas saistibu ar aizkunga dziedzera véza (Xu et al., 2009), prostatas véza (Sanchez et al.,
2004), B-stinu hroniskas limfoleikozes (Hegde et al., 2008), nieru $tinu karcinomas (Dormoy
et al., 2009) proliferacijas uzturéSanu un apoptozes inhibiciju. P&tijumos ir iegiti arT kliniski
pieradijumi par paaugstinatas Hedgehog signalcela aktivitates un nelabvéligas slimibas gaitas
korelaciju pie krits véza (ten Haaf et al., 2009), baribas vada véza (Yoshikawa et al., 2008)
un anala kanala véza (Ajani et al., 2010). Daudzos audzg€jos Hh signalcela izmaintta aktivitate
saistita ar kliniski noveéroto rezistenci uz pretvéza terapiju un nelabvéligu prognozi. Hh
signalcela paaugstinata aktivitate biezi tiek konstatéta plausu audzgjos, it 1pasi sik§tinu plauSu
véza $unas. Vairakos petijumos ir iegtti dati, ka Hh signalcels ir nozimigs normalo plausu
neiroendokrino cilm$tnu un atbilstosi sik§tinu plausu véza cilm$tnu funkcionéSana. Pastav
ierobezojumi Hh signalcela izp&tei in vitro modelos — t. i. sik§tnu plausu véza $tnu Iinijas un
ksenograftos. Ir maz publicéto datu par Hh signalcela komponentu aktivitati génu/mRNS
Itment sik$iinu plausu véza Stinas sakara ar §T audzgja svaigi sasaldéto paraugu pieejamibas
trikumu. P&tijumos parsvara tiek izmantoti formalina fikséti, parafina imbib&ti paraugi, kur
Hh signalcela komponentu aktivitate tiek noteikta semikvantitativi proteinu [iment ar
iminhistokimijas metodi vai retak mRNS Itmeni ar in situ hibridizacijas metodi. Respektivi,
pagaidam ir maz zinatniskas informacijas par iespgjamam aktivejosam/inaktivéjosam
mutacijam §1 signalcela génos, kas var neizpausties proteinu liment, bet var biit loti nozimigas
klniski (pieméram, ka aktivéjosas EGFR mutacijas ne-siksiinu plausu vézim). V&l viens
iesp&jamais c€lonis Hh signalcela izmainttai aktivitatei varétu but epigenétiskie traucgjumi un
to ietekméjosas izmainas citos molekularajos signalcelos. Molekularo mehanismu izpéte
uzrada Hh signalcela ciesu saistibu ar multizalu rezistences génu aktivitati, epitelialas-uz-
mezenhimalo parejas, ka ari anti-apoptotiskiem notikumiem.

Sis projekts ir pasi aktuals, jo sniedz informaciju génu/mRNS limeni par lidz §im
maz pétitu in vivo Hh signalcela génu ekspresiju un dod iesp&ju to salidzinat pirmsterapijas
un rezistenta sik$iinu plausu audzgja. Publicétas informacijas par $ada dizaina pétijjumiem
pasaules literatiira pagaidam nav.
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DARBA MERKIS

Izvertet, vai Sonic Hedgehog signalcela aktivitatei ir prognostiska nozime un saistiba
ar sikStinu plausu véza rezistences attistibu.

DARBA UZDEVUMI

1. Izvertet kliniskos prognostiskos faktorus un arstéSanas rezultatus siksiinu plausu véza
pacientiem Paula Stradina KUS Onkologijas klinika.

2. Izveértet iesp&jamo prognostisko nozimi ar Sonic Hedgehog signalcelu saistito génu
aktivitatei attieciba uz petijuma sikstinu plausu véza pacientu dzivildzi.

3. Izvertet Shh signalcela iesp&jamo nozimi rezistences attistiba, salidzinot ar Sonic
Hedgehog signalcelu saistito génu ekspresiju sikStinu plausu véza biopsiju paraugos
pirms terapijas un recidiva laika.

DARBA HIPOTEZE

Embriogenézi regulgjosa Sonic Hedgehog signalcela aktivitatei ir nozime sik§tinu
plausu véza slimibas prognoze un rezistences attistiba.

PETIJUMA ZINATNISKA NOVITATE

Pirmo reizi Latvija veikta sik§tinu plauSu véza pacientu sanemtas arsté€Sanas un
dzivildzes datu analize. P&tijuma dati norada uz Sonic Hedgehog signalcela galvena mérka
géna Glil paaugstinatu ekspresiju ka iesp&jamo sikstinu plausu véza prognostisko
biomarkieri, ka arT uz samazinatu Sonic Hedgehog signalcela aktivitati recidivéjosa audzgja.
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SADARBIBAS PARTNERI UN MATERIALI TEHNISKAIS
NODROSINAJUMS

P&tijums noticis LZP sadarbibas projektu Nr. 05.0023.03.1 ,,Latvijas populacijas
genofonda izpéte saistiba ar cilvéka patologiju" un Nr. 10.0010.01 "Slimibu etiologijas,
patogenézes un cilvéka novecosanas procesu genétiska izpéte Latvijas populacija"
apakSprojekta ,,MikroRNS, mRNS un SNP ka biomarkieri plausu véZa agrinai diagnostikai,
prognostikai un terapijas efektivitates prognozésanai” ietvaros. Pacientu diagnostika, atlase,
audzgju biopsiju paraugu iegliSana pirms terapijas un recidiva laika, arst€Sana un novéroSana
veikta VSIA Paula Stradina KUS Torakalas kirurgijas centra un Onkologijas klinika. Véza
Stnu klatbatni pétijuma biopsijas citologiski verificgja sertificéta laboratorijas arste Dr.
Romalda Grigalinovic¢a. Audzgju biopsiju paraugu reala laika kvantitativa PKR izmeklé$ana
veikta Latvijas Biomedicinas pétijumu un studiju centra.

DARBA STRUKTURA UN AUTORA PERSONIGAIS IEGULDIJUMS

Promocijas darba autors ir izvirzijis pétijuma hipotézi, izveidojis p&tijuma protokolu,
atlasijis pacientus p&tijumam, vadijis vinu arstéSanu un novérosanu, ka ari registréjis pacientu
kliniskos un genétiskos datus, veicis to statistisko apstradi un analizi. Autors ir sarakstijis o
darbu un ar to saistitas publikacijas.

ETISKIE ASPEKTI

Pétijuma veiksanai 2008. gada 27. junija tika sanemta Centralas medicinas &tikas
komitejas atlauja (1. pielikums). Petijums veikts saskana ar Helsinku deklaraciju atbilstosi
labas kliniskas prakses nolikumam. Visi p&tijuma iesaistitie pacienti ir parakstijusi informétas
piekrisanas lapu (2. pielikums) divos eksemplaros, no kuriem viens eksemplars izsniegts
pacientam uz rokas, bet otrs glabajas pie pétnieka.
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1. LITERATURAS APSKATS

1.1. SikStinu plausu véza epidemiologija

Latvijas dati

Saslimstiba ar sik$tinu plausu vézi Latvija pédgjo 10 gadu laika ir ar nelielu
mazinasanas tendenci.

2010. gada registréti 11 188 primarie onkologiskie pacienti, no kuriem 1 144 bija
diagnosticéts

plausu vézis, un sikstnu plausu véza forma bija aptuveni 11% — 131 pacientam, parsvara
virieSiem (106 viriesi; 25 sievietes). Savukart 2017. gada no 11 762 primarajiem pacientiem
plausu vézis tika atklats 1 124 pacientiem, sik$tinu plausu vézis — aptuveni 8% — 94
pacientiem (74 viriesi; 20 sievietes).

SikStinu plauSu véza saslimstiba Latvija mazinas parsvara virieSiem — 2010. gada
biezums bija 11,0, bet 2017. gada — 8,3 uz 100 000 iedzivotaju gada; sievietém tas palika
praktiski nemainigs — 2010. gada 2,2, 2017. gada — 1,9 uz 100 000 iedzivotaju gada (1.1.
attels). 95% saslimuso bija vecaki par 50 gadiem, visbiezakais saslimuso vecums bija 65-69
g.v. (1.2. attéls). (SKPC, 2019).
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100 10,0
3
80 7x 83 go
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40 32 4,0
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1.1. attels. Saslimstiba ar sikstinu plausu vézi Latvija (SPKC dati)
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1.2. attéls. Saslimstiba ar stkStnu plausu vézi 2017. gada dazadas vecuma grupas.
95 % pacientu bija vecuma virs 50 gadiem (SPKC dati)

Centralizeti aprékinati stadiju sadalijuma un mirstibas dati atseviski sikStinu plauSu
veézim Latvija nav pieejami. Ir iesp&jama informacijas ekstrapolacija no viena centra
(PSKUS) darba analizes datiem. Seit 2012. gada tika arstéti 58 pirmreizéjie siksinu plausu
véZza pacienti no Latvija kopa 2012. gada atklatiem 152 pirmreizgjiem gadijumiem.
Lokalizeta stadija (bez attalam metastazeém) bija 25 pacientiem (43%) un izplatita stadija (ar
attalam metastazém) bija 33 pacientiem (57%). (1.3. attéls). (PSKUS ieksgja informacija,
2012).
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M Lokalizéta stadija (bez attalam metastazeém) bija 25 pacientiem (43%)

M Izplatita stadija (ar attalam metastazém) bija 33 pacientiem (57%)

1.3. attels. 2012. gada PSKUS arstéto pirmreizéjo sikStinu plausu véza pacientu

Vo= o

Latvija nav pieejami publicéti dati par sik§tnu plausu véza mirstibu, un viens no dota
promocijas darba uzdevumiem bija §is informacijas iegiSana un publicéSana (3.11. tabula).
(Kozirovskis et al., 2012).

Pasaules dati

Sikstinu plausu véza pacientu saslimstibas, demografisko, klinisko un dzivildzes datu
atspogulos$ana véza registros ir triiciga. Informacija parsvara tiek iegiita viena vai vairaku
centru pétijumu populacijas.

Samazinoties smekétaju Ipatsvaram ASV populacija, saslimstiba ar sikStinu plausu vézi
art kritas (ACS, 2021). Pasreiz sik§tinu plausu vézis sastada aptuveni 13%, salidzinot ar agrak
noverotajiem 20-25% starp visiem jaunatklatajiem plausu véza gadijumiem. Jaatzime, ka
mainijies ar1 dzimumu sadalfjums starp sméketajiem. Ja 1965. gada ASV smékeja 50%
virie$u un 35% sieviesu, tad 2010. gada §Ts proporcijas attiecigi bija 30% un 20%. Lidz ar to
pasreiz sievietes slimo ar sik§iinu plausu vézi salidzinosi biezak. Slimibas stadiju sadalfjums
laika gaita nav butiski mainijies un sastada aptuveni 40% lokaliz&tai stadijai un aptuveni 60%
izplatitai stadijai (Govindan et al., 2006). ASV siksiinu plausu véza pacientu dzivildze
pedgjos 15 gados nav bitiski uzlabojusies un saglabajas zema - tikai 14-15% pacientu ir dzivi
péc 2 gadiem kops diagnozes briza (Siegel et al., 2021).

Lielaja Spanu multicentru plausu véZa pétijuma 2016.-2020. gados sikSiinu plauSu vézis
sastadija 12.9%, ar izplatitas un lokalizétas stadijas biezumu attiecigi 62,6% un 36,6%.
Vidgja dzivildze kopgja populacija bija 9,5 ménesi, bet 2 gadu dzivildze — 14,8% (Franco et
al., 2021).

Korejas populacija 2014. gada sikSiinu plauSu véza biezums bija 13,5%, ar izplatitas un
lokalizgtas stadijas biezumu attiecigi 63,4% un 36,6%. Vidgja dzivildze kop&ja populacija
bija 8 ménesi (Choi et al., 2019).
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Japanas populacija 2012.-2016. gados sikstinu plausu véza biezums bija 19.1%, stadiju
sadalfjuma informacija triikkst, bet 3 gadu dzivildze — 15,9% (Sekine et al., 2020).

Analizgjot siksiinu plausu véza saslimstibu péc dzimumiem pasaules valstis tapat ka
Latvija lielakoties ar to slimo viriesi (1.4. attéls). Iznémumi ir ASV baltas rasas iedzivotaji,
kur viriesiem — 2003.-2007. gados biezums vidgji bija 7,0, bet sievietem — 6,0 uz 100 000
iedzivotajiem gada. Ari Kanada un Zviedrija biezums virieSiem un sievietém attiecigi bija 5,0
un 4,0, 2,5 un 2,2 uz 100 000 iedzivotajiem gada (Cheng et al., 2016b).
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1.4. attels. Saslimstiba ar sikstinu plausu vézi dazadas populacijas (SPKC dati, Cheng
et al., 2016)

1.2. Siksiinu plausu véZa etiologija un onkogenéze

Divu veidu géni — proto-onkogéni un audzg&ja supresorgéni atbild par $tinu daliSanas
un diferencéSanas procesus nodrosinoSo olbaltumu sintézi. TieSi So génu mutacijas uzskata
par galveno notikumu laundabigo audzgju patogenézé. Cancer Gene Census Véza génu
skaitiSanas datu baze uz 2021. gada juniju ir uzskaititi 723 géni, kuru mutacijas ir c€loniski
saistitas ar laundabigiem audzgjiem. Mutacijas aptuveni 80% ir somatiskas, 10% ir ciltstéva
un var parmantoties, bet 10% ir gan somatiskas, gan ciltstéva. Véza $unu lielakaja dala ir 60
vai vairak mutacijas. Starp tam var biit gan neitralas mutacijas (passenger mutations), gan
kliniski nozimigas mutacijas (driver mutations) (Alsulami et al., 2021). Japiebilst, ka proto-
onkogénu un audzgja supresorgénu ekspresijas izmainas var biit saistitas ne tikai ar So génu
kodgjosas secibas izmainam, bet arT ar epigenétiskam modifikacijam (piemé&ram, DNS
metilacijas izmainam vai hromatina organizaciju, deacetil&joties histoniem). Svarigu lomu
var spélét arT mazas regul&josas RNS (mikroRNS), kas regulé dazadu proto-onkogénu un
audz€ja supresorgénu darbibu un tad&jadi var ierosinat karcinogenézi pie normalo funkciju
zuduma. Bez tam véza fenotips biezi ir atkarigs ari no ne-onkogénam iedzimtam genétiska
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0,1% genoma. Aptuveni 80% $o variaciju ir Viena Nukleotida Polimorfisms (Single
Nucleotide Polymorphisms), kad DNS seciba atskiras tikai viens nukleotids. Retak novéro
atskiribas génu kopiju skaita zina. Sis genétiskais ,,pirkstu nospiedums” var noteikt,
pieméram, individa uznémibu uz véza attistibu un onkologiskas slimibas gaitu, ka ari ar to
var izskaidrot pretvéza terapijas efektivitates variacijas individu starpa (Deng et al., 2017).

Gengtiska predispozicija siks$iinu plausu vézim nav pieradita, iznemot netiesu ietekmi
no genétiskam variacijam, kas var€tu biit saistitas ar palielinatu nikotina atkaribas attistibas
risku un attiecigi arT palielinatu ar smékesanu saistito kancerogénu ekspoziciju. Tikai 2%
gadijumu siks§tinu plausu vézis attistas nesmékétajiem (\Varghese et al., 2014), par kuriem tiek
definéti cilveki, kas dzives laika izsmek&jusi mazak par 100 cigareteém. Petijumos iegiiti
noradijumi par iesp&jamo gaisa piesarnojuma (Lamichhane et al., 2017) un iekstelpu radona
ekspozicijas (Rodriguez-Martinez et al., 2018) lomu sik$tnu plausu véza attistiba
nesméeketajiem.

Sikstnu plausu vézis ir spilgts ar smeékesanu saistitas laundabigas slimibas piemérs.
Epidemiologiska saite starp tabakas izstradajumu diimu ieelposanu un sik§tinu plausu véza
saslimstibu ir viena no stiprakajam ar aptuveni 30 gadu nobides laiku starp abam likném
(Huang et al., 2015). Ari visaptvero$as genétiskas profiléSanas pétijumos sik§tinu plausu
vezis uzrada neparprotamu ar smekesanu saistitu genétisko izmainu spektru ar loti augstu
mutaciju slogu.

CigareSu diimu kanceroggni izraisa divu svarigako audzgja supresorgénu TP53 un
plausu véza onkogenéz€ un konstatéjama §is slimibas gadijumu lielakaja dala (George et al.,
2015). Normali p53 olbaltums tiek aktivets Sinu DNS bojajuma vai hipoksijas gadijuma un

sik§tinu plausu véza attistiba liecina art fakts, ka TP53 mutacija parasti tiek konstatéta vizuali
neizmainitaja bronhu epitélija ap audz&ju (Wistuba et al., 2000). RB1 jeb retinoblastomas
uznémibas géna mutacija pirmo reizi tika atklata retinoblastomai, kas Iidzigi sikStinu plausu
veézim ir neironalo progenitoru audzgjs (Friend et al., 1988). RB proteins ir galvenais §tinu
cikla S-fazes ieejas inhibitors, ka arT tas kontrol€ vairakas citas $tinas funkcijas, ieskaitot
izdzivoSanu, diferenciaciju, metabolismu un genoma stabilitati. RB olbaltums nodrosina
pluripotences génu (Oct4 un Sox2) supresiju somatiskajas stnas (Kareta et al., 2015) un ar1
inhibg neiralo cilmsiinu regulétaja - enhancer of zeste 2 (EZH2) proteina ekspresiju (Sher et
al., 2008). Attiecigi RB1 géna mutacija var novest 1idz nekontrol&jamai bronhu epitélija $tinu
proliferacijai, ka art Iidz cilm§tinam raksturigo ipasibu un neiroendokrinas diferenciacijai
iegi$anai. Saja konteksta interesants ir novérojums par plausu adenokarcinomas ar
aktivgjosam EGFR mutacijam transformacijas iesp&jam uz siksiinu plausu vézi péc anti-
EGFR meérkterapijas sanemsanas. P&c public&tajiem datiem tas var notikt aptuveni 5% sada
veida audzgju péc aptuveni 19 meénesu ilgas anti-EGFR terapijas sanemsanas un parsvara
audz€jiem ar vienlaicigu inaktivéjoso mutaciju TP53 un RB1 génos (Offin et al., 2019).

Nakosa sik§tinu plausu vézim nozimiga genétiska novirze ir amplifikacija vai
transkripcijas pastiprinasanas kada no trim MYC géniem (MYC, MYCN, vai MYCL), kas tika
konstatéta aptuveni 20% gadijumu (Peifer et al., 2012). Precizs sikstnu plausu véza MYC-
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izraisitas transformacijas mehanisms nav pilniba izprasts. Tiek uzskatits, ka MYC saimes
proteini ir transkripcijas aktivatori, kas kontrol€ $tinas pluripotenci, pasatjauno$anos un
epitelialas-uz-mezenhimalo pareju (epithelial-to-mesenchymal transition) (Chappell and
Dalton, 2013). Eksperimentos ar genétiski modificétam pelém bez funkciongjosiem RB1 un
TP53 géniem MYC ekspresijas palielinasana noveda pie agresiva, augsti metastatiska sikStinu
plausu véza attistibas péc neiroendokrini neaktiva jeb “variantd” apakstipa, kas atbilst cilvéku
sikstinu plausu véza NeuroD1 augsti ekspres€josam transkripcijas profilam (Mollaoglu et al.,
2017).

Vel viena biezi sastopama molekulara novirze siksiinu plausu véza $tinas ir onkogéna
PISK/AKT/mTOR signalcela paraktivacija. Neliela gadijumu skaita tas ir fosfatazes un
tensina homologa (PTEN) géna del&cijas dél, kas ir §1 signalcela inhibitors. Tomér biezak
novéro citu signalcela komponentu (PIK3CA, AKT2, AKT3, RICTOR, mTOR) aktiv&josas
mutacijas vai amplifikacijas. Pie tam §1s izmainas signalcela praktiski vienmer bija
savstarp&ji izsledzosas (Umemura et al., 2014, Ross et al., 2014).

Nesen siksiinu plausu vézim tika atklatas biezas (aptuveni 25% gadijumu)
inaktiv&josas mutacijas vél viena signalcela — NOTCH, kas normali regulé plausu
neiroendokrino §tinu daudzumu embrionalas attistibas laika un tadgjadi novirzu gadijuma
varétu bit atbildigs par nekontrolgjamu neiroendokrino §iinu proliferaciju un SSPV
onkogenézi (George et al., 2015).

Nobeiguma jaatzimé, ka sikstinu plausu vézim tika konstatéti ari biezi epigenétisko
regulétaju bojajumi, kas varetu biit nozimigi slimibas attistiba. Histona acetiltransferazu
(HAT) CREBBP un EP300 un histona metiltransferazu (HMT) MLL, MLL2, and EZH2
mutacijas tika atrastas neatkarigajos petijumos ar biezumu 4-8% katram génam (Peifer et al.,
2012, Umemura et al., 2014, Ross et al., 2014, Augert et al., 2017).

1.3. Sik§iinu plausu véZa molekulari genétiska klasifikacija

PVO klasifikators sikstinu plausu vézi uzskata par relativi homogénu laundabigu
slimibu un izdala tikai 2 apaksgrupas: SSPV un kombinéts SSPV/NSSPV, kad tas
kombingjas ar kadu no nesikStinu plausu véza formam. Tomer literatiira jau aptuveni 30
gadus var atrast publikacijas ar noradijumiem par SSPV divam apaks$grupam, izejot no
neiroendokrino markieru — tadu ka CD56 jeb neiralo $tnu adhézijas molekula (NCAM),
sinaptofizins (SYP) un hromogranins A (CHGA) klatbiitnes (“klasiskais” SSPV) vai triikuma
(“variantais” SSPV) uz §tinu virsmas. Klasiska un varianta SSPV formas atskiras gan p&c
$tinu morfologiskam Tpasibam, gan p&c $iinu augsanas rakstura, gan péc uznémibas pret
onkolitiskiem pikornavirusiem (SVV), gan arT péc rezistences uz staru un kimijterapiju
(Zhang et al., 2018). Interesanti, ka molekularu pamatojumu $im atskirigajam SSPV formam
izdevas atrast nevis konkrétu génu mutacijas, bet analizgjot specifisko transkripcijas faktoru
(ASCL1 un NeuroD1) ekspresijas atskiribas. Klasiskajam SSPV veidam bija raksturiga
augsta ASCL1 aktivitate, savukart variantajam SSPV - augsta NeuroD1 aktivitate. Pieaugot
informacijas bazei par raksturigam epigenétiskam izmainam SSPV §iinu Iinijas no pacientiem
iegtitos ksenograftos, genétiski modificétas pel€s un pacientu audz&ju paraugos Rudin et al.
2019. gada piedavaja jaunu SSPV iedalfjuma modeli 4 molekularajos apakstipos.
Molekularas klasifikacijas pamata ir preval€josa ekspresija kadam no cetriem atsleégas
transkripcijas regulétajiem: achaete-scute homologue 1 (ASCL1 jeb ASH1), neurogenic
differentiation factor 1 (NeuroD1), yes-associated protein 1 (YAP1) un POU class 2
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homeobox 3 (POU2F3) ar attiecigajiem molekularajiem apakstipiem - SCLC-A, SCLC-N,
SCLC-Y un SCLC-P (Rudin et al., 2019). Visbiezak sastopamais apakstips rezecétos SSPV
paraugos gan mRNS, gan proteinu ITmeni bija ar prevaléjosu ASCL1-augstu ekspresiju jeb
SCLC-Atips (78,2% un 74,4%) (Qu et al., 2022, Qi et al., 2022). Japiebilst, ka liclaka
paraugu dala bija pozitiva uz 2 vai 3 apaksStipu markieriem, kas liek domat par ievérojamu
molekularu apakstipu dzivildzes datus (3 gadu kopg€ja dzivildze) 232 pacientiem ar radikali
izoperétu lokalizetas stadijas sik§iinu plausu vézi, vislabaka prognoze bija SCLC-Y
pacientiem — 82,4% un SCLC-P pacientiem — 68,9%; sliktaka dzivildze bija SCLC-A un
SCLC-N pacientiem — attiecigi 50,1% un 48,9%. Pacientiem ar SCLC-A bija statistiski
lielaks risks uz metastazém galvas smadzenés vai kaulos (Qi et al., 2022).

1.4. SikStinu plausu véza arstéSana

Sakotngja SSPV terapija krasi atskiras atkariba no slimibas stadijas (Rudin et al.,
2021). Siksunu plausu véza arsté$anas pamatmetode ir sisteémiska kimijterapija, kas lauj
ievérojami pagarinat pacienta dzivi un samazinat slimibas simptomus pacientiem ar
metastatisku slimibu. Standarta kimijterapijas shéma ir Platina-Etopozida kombinacija, kas
nav mainijusies péd&jo 30 gadu laika. Kops 2018. gada pie izplatita sik§tinu plausu véza
kombinacija ar kimijterapiju rekomendg pielietot arT imtnterapiju ar PD-L1 inhibitoriem, kas
nedaudz uzlabo vidgjas bezprogresijas un kopgjas dzivildzes rezultatus (Horn et al., 2018,
Paz-Ares et al., 2019). Atbildes reakcija uz terapiju ar imtino kontrolpunktu inhibitoriem
novérojama tikai aptuveni 10-20% SSPV pacientu (Chung et al., 2020, Ready et al., 2020).
Tik zema imiinterapijas efektivitate audz&jam ar lielu mutaciju slogu un attiecigi augstu
imiinogenitati var biit izskaidrojama ar vairakiem mehanismiem: zema 1. klases MHC (major
histocompatibility complex) molekulu ekspresija uz SSPV §iinu virsmas (Traversari et al.,
1997), supresivo regulgjoso T limfocttu klatbuitne audzgja mikrovidé (Wang et al., 2012), ka
ari antigén-prezentgjoso §inu nomakums ar neiropeptidiem no SSPV $iinam (Makarenkova et
al., 2003).

Lokalizetas slimibas gadijuma kimijterapija gan potence staru terapijas lokalu
pretvéza efektu, gan potenciali iznicina mikrometastatisku slimibu. Nozime ir ar lokalai
terapijai — mazaka méra kirurgiskai arst€sanai un galvenokart staru terapijai, pateicoties kurai
izdevas ievérojami uzlabot SSPV arste$anas rezultatus pedgjo tris dekazu laika. Ne-
metastatiskas slimibas gadijuma izmanto kimijterapijas-staru terapijas kombinaciju ar merki
panakt ilgstosu intratorakalas slimibas kontroli, ka ar samazinat metastatiskas diseminacijas
risku. Kops 1999. gada ar1 konsolidgjosa profilaktiska galvas apstarosana (PCI) ir kluvusi par
standarta terapijas shémas svarigu sastavdalu lokalizeta SSPV tiem pacientiem, kuru slimiba
labi reaggjusi uz sakotn&jo arstéSanu (Aupérin et al., 1999).

1.4.1. Lokalizeta sikStinu plausSu véZa arsteSana

Agrina slimiba ar izolétu operablu plausu mezglu bez metastazém videnes
limfmezglos un attalos organos (I-11 stadija pec TNM Kklasifikacijas).

P&c ESMO un NCCN starptautisko vadliniju datiem primara kirurgiska arst€Sana
apsverama loti nelielai Sik$tinu plausu véza pacientu dalai (Iidz 5%), kam slimiba tiek atklata
ka rezektabls izoléts plausu mezgls bez metastazém videnes limfmezglos un attalos organos.
Tomer pastav zinamas Saubas par operacijas lietderibu, jo nav labu kontrolétu nejausSinatu
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klinisko p&tijumu, kas salidzinatu kirurgisku ar ne-kirurgisku pieeju modernas diagnostikas
un staru terapijas €ra (Barnes et al., 2017). Frakcion&ta staru terapija vai stereotaktiska
radiokirurgija ir pielaujama alternativa operacijai SSPV pacientiem ar rezektablu slimibu
(Salemet al., 2019, Verma et al., 2017). Kirurgiskas arstéSanas mérkis ir veikt radikalu (R0)
rezekciju, respektivi iegiit mikroskopiski negativas rezekcijas Iinijas. Tad p&c operacijas
pacientam ir jasanem tikai 4 pécoperacijas kimijterapijas kursus, kas nodrosina 5 gadu
dzivildzi aptuveni 50% pacientu (Yang et al., 2016). P&coperacijas staru terapija pielietojama,
Ja operacija ir neradikala (ar R1- mikroskopiski pozitivam vai R2- makroskopiski pozitivam
rezekcijas linijam) vai operacijas materiala histologiska izmekl&Sana ir atklajusi neparedzétas
metastazes videnes limfmezglos. PCI nozime pacientiem péc agrina SSPV radikalas
rezekcijas/apstaro$anas un sanemtas adjuvantas kimijterapijas nav zinama. Sie pacienti ir ar

zemaku risku uz galvas smadzenu metastazém (12% 5 gadu laika) un var nebiit ieguvéji no
PCI (Yang et al., 2018).

Lokali izplatita slimiba ar inoperablu primaru audzéju vai metastazém videnes
limfmezglos un bez metastazém attalos organos (111 stadija péc TNM Kklasifikacijas).

SSPV pacientiem ar lokali izplatitu slimibu vislabakos arstésanas rezultatus sniedz
kombingta terapija ar vienlaicigu staru-kimijterapiju un sekojosu PCI tiem pacientiem, kam
audz€js samazinajies peéc arsté$anas. Miusdienigas tehnologijas ar 3D konformalas vai
intensitates modulétas apstaroSanas metodes pielietoSanu, kad var pievadit lielaku starojuma
devu ar mazakam toksicitatém, un p&éc iesp&jas atraka staru terapijas uzsaksana (vislabak
kopa ar pirmo vai otro kimijterapijas kursu) pasreiz lauj sasniegt 5 gadu dzivildzi pat lidz
~30% pacientu (Faivre-Finn et al., 2017, De Ruysscher et al., 2006). Ja vienlaiciga staru-
Kimijterapija nav iesp&jama agrini parak plasa apstarojama lauka dél — staru terapijas
uzsakSanu atliek uz tresa kimijterapijas kursa sakumu, kad ar lielaku varbtitibu notiks audzgja
masas samazinaSanas (Sun et al., 2013). Kad vienlaiciga staru-kimijterapija nav iesp&jama
sakara ar loti augstu toksicitasu risku vecaka gadu gajuma pacientiem (>75 g. v.), pacientiem
ar slikti kontrolgjamam blakus slimibam vai pie smaga vispargja stavokla pasa sikstinu plausu
veéza de] — staru terapiju veic secigi p&c pabeigtas kimijterapijas (4 kursiem) (Christodoulou
et al., 2019). Secigas staru terapijas laika tipiski apstaro péc-kimijterapijas atlieku primara
audzg&ja apjomu un arf visas regionalo limfmezglu zonas, kur pirms kimijterapijas bija
konstatéti metastatiskie limfmezgli (Hu et al., 2020). Konsolid&josa profilaktiska galvas
apstarosana (PCI) ievérojami samazina simptomatisko galvas smadzenu metastazu risku un
palielina kopgjo dzivildzi tadiem lokalizéta SSPV pacientiem, kuru slimiba labi reaggjusi uz
staru-kimijterapiju. Petijuma ar 184 pacientiem, kam audzg&js samazinajies pec Staru un
kTmijterapijas sanemsanas un kam nebija galvas smadzenu metastazu pirms un péc primaras
arstéSanas (verificéts ar MR izmekl€jumu), vid€ja kopgja dzivildze ar PCI bija 26 menesi
(diapazons, 19,4-32,6 ménesi), salidzinot ar 14 ménesiem bez PCI (diapazons, 11,4-16,6
ménesi; p<0,0001) (Eze et al., 2017). V&lina neirotoksicitate ir nozimiga p&tijumos novérota
PCI blakne, 1pasi ja apstaroSanas frakciju reizes deva parsniedza 3 Gy un/vai sanemot PCI
kopa ar kimijterapiju (Le Péchoux et al., 2011, Slotman and Senan, 2011, Lee et al., 1986).
Pieradijumu [imenis par PCI lietderigumu ir mazaks pacientiem ar smagu vispargjo stavokli
(vispargjais stavoklis peéc ECOG skalas 3-4), vecakiem pacientiem (>60 g. v.) un tiem, kam ir
samazinatas neirokognitivas funkcijas vai ir pavadosas neirologiskas slimibas, piem. insults
vai epilepsija anamnéze (Yang et al., 2016, Wolfson et al., 2011, Farooqi et al., 2017).
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1.4.2. Izplatita sikSiinu plauSu véZa arsteSana

Sikstinu plausu véza gadijuma ar metastazém attalos organos (IV stadija peéc TNM
klasifikacijas) pielieto 2 medikamentu kimijterapijas shému ar platina grupas medikamentu
(Cisplatins vai Karboplatins) un Etopozidu. Ped&jos gados kombinacija ar kimijterapiju
rekomendg pielietot arT im@ino kontrolpunktu PD-L1 inhibitoru ar sekojosu §1 medikamenta
uzturosu lietosanu Iidz 1 gadam, kas petijumos tikai nedaudz (aptuveni par 2 ménesSiem)
uzlaboja vidgjas kopgjas dzivildzes raditajus. Tomér, analiz&jot dzivildzes liknu beigu dalu, ir
noradijumi par imiinterapijas sp&ju izraisit ilgstoSu remisiju dalai pacientu. Ta 2 gadu kopgja
dzivildze imiinterapiju sanémusiem pacientiem bija 2 reizes lielaka — 22% pret 11% (Rudin et
al., 2021). Vel nav iegiita informacija par prediktiviem biomarkieriem vai citiem sik§tinu
plausu véza parametriem, kas var€tu palidzet prognozet imiinterapijas efektivitati. AtSkiriba
no ne-sikStnu plausu véza PD-L1 ekspresija viena pieejama pétijuma nekorel€ ar
imtnterapijas efektu, bet audzéja mutaciju slogs (Tumor mutational burden - TMB) divos
petijumos uzrada pretrunigus rezultatus (Rudin et al., 2020, Horn et al., 2018, Hellmann et
al., 2019). Interesants ir novérojums par labaku onkologisko prognozi SSPV pacientiem ar
paraneoplastiskiem neirologiskiem sindromiem, kur parasti ir augsta imtnsistémas aktivitate
(lams et al., 2019).

Staru terapija izplatita sik§tinu plausu véza gadijuma parsvara tiek pielietota
simptomatiski — augsgjas dobas vénas sindroma mazinasanai, pretsapju noluka kaulu
metastazu gadijuma, metastazu izraisitas muguras smadzenu kompresijas vai galvas
smadzenu metastazu izraistto neirologisko simptomu mazinasanai. Konsolidgjosas
profilaktiskas galvas apstaroSanas ieguvums metastatiska sik§tinu plausu véza pacientiem
pasreiz nav lidz galam pieradits, kaut 40-50% pacientu péc pabeigtas kimijterapijas attistas
galvas smadzenu metastazes. Nemot véra PCI asoci€tu neirotoksicitati, lielakai pacientu dalai
pasreiz tiek rekomendétas MRI kontroles ar atliktu staru terapiju pie metastazu paradiSanas.
Pasreiz notiek kliniskie petijumi, kas laus precizét PCI pielietoSanas lietderigumu izplatita
sik§tinu plausu véza gadijuma (Rusthoven and Kavanagh, 2017). Pacientiem ar labu atbildes
reakciju uz sist€misko terapiju, bet atlieku audzgja audiem krisu kurvi ir apsverama
konsolidgjosa staru terapija intratorakalas slimibas apjomam, jo viena pétijuma (CREST
pétijums) $adu pacientu apaksgrupai tika iegtiti noradijumi par 2 gadu kopgjas dzivildzes
uzlabosanu ar zemiem toksicitates riskiem (Slotman et al., 2015). V&l nav pétijumu datu par
PCI un konsolidgjosas staru terapijas pielietoSanas rezultatiem intratorakalai atlieku slimibai
tiem pacientiem, kas sanem uzturo$u imiinterapiju.

1.4.3. Recidivéjosa sikSiinu plausu véza arstéSana

Nakamo liniju paliativu kimijterapiju var piedavat SSPV pacientiem apmierino§a
vispargja stavokli, kam slimiba atjaunojusies péc ieprieks sasniegtas remisijas vai primari
progresgjosiem pacientiem, kam vispar nebija atbildes uz pirmas linijas terapiju. Vidgja
prognoz&jama dzivildze Siem pacientiem ir tikai 4-5 méneSi ar vecajam arstéSanas shémam,
un dazi pieejamie jaunie medikamenti $o laiku batiski neuzlabo. Nakamo Iiniju paliativa
sist€miska terapija var sniegt ievérojamu simptomu atviegloSanu daudziem recidiv€josa
sik§tinu plausu véza pacientiem, tomer tas efektivitate ir stipri atkariga no laika lidz
recidivam un ieprieks novérotas audzgja samazinasanas pakapes (Owonikoko et al., 2012).

Ja laiks bez progresijas bijis garaks par 6 méneSiem, vislabak pielietot tadu pasu
platinu saturo$o kimijterapijas shému ka sakotngji, kaut efekts Seit redzams tikai aptuveni
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50% pacientu, remisijas ir Tsakas un bieZi paradas kimijterapijas kumulativas toksicitates
problémas (Giaccone et al., 1987, Postmus et al., 1987).

Ja laiks bez progresijas ir virs 3 ménesiem, bet 1saks par 6 meénesiem, var pielietot
otras linijas paliativu kimijterapiju ar Topotekanu, CAV shému vai atkartoti méginat platina-
Etopozida shému, kas uzrada aktivitati nelielam pacientu skaitam (20-30% atkariba no
izmantota medikamenta) (Dingemans et al., 2021). 2018-2019. gada $o sarakstu papildinaja
imiinterapijas preparati (Nivolumab, Pembrolizumab), kaut velak III fazes nejausinats
pétijums dzivildzes ieguvumu, salidzinot ar Kimijterapiju, nav uzradijis (Spigel et al., 2021),
bet 2020. gada — DNS transkripcijas procesu inhibgjosais alkilgjosais lidzeklis
Lurbinektedins, kas II fazes p&tijuma ar 105 pacientiem bija efektivs 35% pacientu (Trigo et
al., 2020). Daudziem citiem citotoksiskiem lidzekliem (Paklitaksels, Docetaksels,
Irinotekans, Temozolomids, perorals Etopozids, Vinorelbins, Gemcitabins, Bendamustins) ari
ir uzradita kliniska aktivitate pie recidivéjosa sikStnu plausu véza un NCCN vadlinijas tie ir
icklauti ka iesp&jami terapijas varianti, kaut arT tie nav oficiali apstiprinati $ai konkr&tajai
indikacijai (Ganti et al., 2021).

Savukart, ja laiks bez progresijas ir bijis mazaks par 3 méneSiem, slimiba ir rezistenta
uz platinu saturosu kimijterapiju un art jebkuras citas talakas sistémiskas terapijas kliniskais
ieguvums ir apsaubams (Dingemans et al., 2021). Sadiem pacientiem rekomendé dalibu
kliniskajos p&tijumos vai simptomatisku terapiju. Rezistences veidosanas mehanisma
izprasana var palidzgt arstiem prognozet terapijas efektivitati, ka art radit jaunus terapeitiskus
lidzeklus sikStinu plauSu véza arstésana.

1.5. Audzeju rezistence uz specifisko terapiju un veza cilmes Siinas
1.5.1 Audzéja Suinu rezistences attistibas matematiskais modelis

Jau 1979. gada Goldi un Koldman izvirzija teoriju, ka citogenétiskas izmainas, kas
saistitas ar onkogengzi, ir ciesi saistitas ari ar audz&ju sp&jam veidot rezistenci pret noteiktiem
pretvéza lidzeklu tipiem (Goldie and Coldman, 1979). Vini attistija matematisko modeli, kas
prognoze véza §iinu parejas biezumu uz rezistentiem variantiem, izejot no konkréta audzgja
tipa genédtiskas nestabilitates. Sis modelis paredz, ka tadi notikumi sakas jau no 1 tikstosa
lidz 1 miljonam audzgja Stinu liela populacija, kas ir krietni mazaks skaits neka audzgja, ko
uzskata par kliniski nosakamu (10”9 jeb 1 miljards §tnu). Varbutiba, ka pirmreizgji
diagnosticeéta audzgja ir rezistenti kloni, tiek aprékinata ka funkcija audzgja masai un
konkréta audzgja veidam piemitoSajam mutaciju biezumam. Pat, ja mutaciju biezums ir tikai
10, tad audzgja no 10° $inam (1 cm liela) prognozgjams vismaz viens rezistento §iinu klons.
Absoliitos skaitlos S1s rezistentas véza Stinas 1 cm liela audzgja ir nieciga skaita, bet,
izdzivojot arsté3anas laika, tas vélak repopulé audz&ja masu. ST teorija izskaidro, kapéc
sakotn€ja terapija parasti ir efektiva un kliniski lauj panakt audz&ja dal€ju un pat pilnigu
remisiju (tas ir, audz&ju nevar noteikt kliniski vai radiologiski). Recidivgjosie audzgji,
savukart, ir nejiitigi uz terapiju, jo sastav parsvara no sakotngjo terapiju pardzivojusiem véza
Stnu kloniem.
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1.5.2 Rezistences patogenétiskie mehanismi

Uzkrajoties zinatniskajai informacijai, pakapeniski kluvis skaidrs, ka citotoksisks
medikaments neizraisa véza Stinas bojaeju tiesa veida (DeVita et al., 2008). Tagad ir labi
veselai molekularo notikumu kaskadei, kas, savukart, rezult€jas programmétaja Stinu nave jeb
apoptozé. Sis kaskades sastava ir detektors, kas uztver §iinas navi ierosinogo signalu, talak
seko signalu novadosais tikls un molekulari izpildmehanismi, kuri jau ir atbildigi par $tinas
bojaeju. Apoptozi izraisoSas kaskades procesi atSkiras katra atseviska audzgja tipa, ko nosaka
$o mehanismu pieejamiba audu $iinas normalas attistibas laika, molekularas izmainas véza
Sunas, ka arT tos ietekmé pretveéza lidzekla/lidzeklu kombinacijas iedarbibas mehanisms un
pat mikrovide, kura notiek ekspozicija pretvéza medikamentam. Dazu audz&ju sp&ja pretoties
Kimijterapijas citotoksiskiem efektiem, skiet, vairak saistita ar véza $tinu genétisko
nestabilitati un/vai ar izmainam galvenajos Stinu cikla kontrolpunktu un apoptozes
molekularajos mehanismos, neka ar specifiskiem biokimiskiem rezistences iemesliem. Tas
izskaidro nesp&ju parvarét rezistenci uz kimijterapiju, ja tiek pielietotas metodes, kas ietekmé
tikai klasiskos biokimiskos rezistences mehanismus.

1.5.3 Audu cilmes Siinas

Normali embriogen&ze $tinu populacijas paplasinas, aktivi prolifergjot, un sekojosi
diferencgjas, lai veiktu augsti specializ€tus procesus. Daudzas Stinas migré ekstracelulara
vide, lai sasniegtu sev paredz&to lokalizaciju. Apoptozes jeb strikti regul€jamas Stnu
pasiznicinasanas cela notiek atbrivoSanas no nevajadzigam vai defektivam Siinam. Visi Sie
procesi tiek regul@ti ar Stinu-$tinu mijiedarbibu, apkartgjas mikrovides un starpstinu signalu
palidzibu.

P&c embrionalas attistibas beigam visi Sie procesi turpinas vairakuma audu vai nu pastavigi
(hematopogtiskas un adas-glotadu Stinu linijas) vai ,,p€c pieprasijuma” ka atbildes reakcija uz
audu bojajumu (briicu dzisana, aknu regeneracija).

Audiem ir spgja veidot nepiecieSamo Stinu kopu, pateicoties cilmsiinu klatbutnei. Tas
ir Stinas, kas dalas loti reti un sp&j gan paSatjaunoties, gan veidot specifiskas priekStecu Siinas,
kas talak proliferé un diferencéjas par nepiecieSamajam nobriedusam stinam (Mackenzie,
2006). Cilmes stinas ar miizigas pasatjaunoSanas kapacitati neliela daudzuma eksisté lidzas
daudz lielakai prolifergjoSo Stnu kopai, kur §tinam pavairoSanas funkcija ir ierobezota un péc
noteikta daliSanas reizu skaita iestajas §tnu cikla arests un/vai apoptoze. Pasreiz cilms§tunu
populacija atrasta daudzos, ja ne visos, nobriedusajos audos (Shackleton et al., 2006, Stingl et
al., 2006), kaut gan plasaki dati par to funkcion&S$anu iegiti tikai hematopo&tiskam (Miraglia
et al., 1997) un adas (Alonso and Fuchs, 2003) cilm$tnam. Uzkrajoties informacijai par
nobrieduso audu cilms§tinam, tiek apzinata arT to svariga loma laundabigo audzgju patogeneze
— ta saucama vé&za cilmstinu teorija (Dalerba et al., 2007).

1.5.4 Veza cilmS§iinu teorija

Neliela $tnu frakcija, kas ir sp&jiga atjaunot audz&ju, tika atrasta hematologiskam
malignitatém un daziem solidiem audzgjiem. Lielakajai véza Stinu dalai §1 regenergjosa
kapacitate nepiemit. Pieméram, laundabigo audzgju Stinu ievietoSana miksta agara barotné vai
injic€Sana pelei parasti nenoved pie kolonijas rasanas (Price and Tarin, 1989, Gioanni et al.,
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1988). Lidzigi eksperimentos ar cilvékiem, kas notika 1950-o0s gados un ir neiedomajami
Sodien &tisko standartu dél, 35 véZa pacientiem injic€ja aptuveni 1 miljardu vinu pasu audzeju
Stnu augsstilba vai apak§delma (Southam and Brunschwig, 1961). Tikai 7 no Siem
autotransplantantiem vainagojas ar véza augSanu injekcijas vieta. Turpmak pétijumi ar akiito
aktivitate (Lapidot et al., 1994) un §Tm $tnam raksturigi daudzi normalo hematopo&tisko
cilmstinu markieri un 1pasibas (Bonnet and Dick, 1997, Hope et al., 2004). Par pluripotento
stinu klatbutni solidos audzgjos liecina art kliniski novérojumi pacientiem ar
teratokarcinomam, kur audz&ju masa var paradities tadi diferencéti audi ka muskulaudi un
kaulaudi (Sell, 2004). Tapat eksperimentos ar dzivniekiem izdevas izaudz&t normalu peli no
peles teratokarcinomas Stinam (Mintz and Ilimensee, 1975).

Solidos audzgjos identificétas véza cilmes $iinas parasti ekspresé organa-specifiskus
markierus, ka ar tam ir raksturigs kads specifisks markieru profils. Piem&ram, astonos no
unikalu $tinu virsmas markieru profilu CD44+CD24-/low (Al-Hajj et al., 2003). Péc Siem
markieriem izdalitaja §tinu populacija bija 50-100 reizu vairak to $iinu, kas ir sp&jigas
ierosinat audz&jus pelém. Turklat, 11dzigi ka sakotn&ja audzgja, jaunizveidotajiem audzgjiem
piemita fenotipiska heterogenitate, tumorigénas un ne-tumorig€nas Siinas ieskaitot. No
cilveka CNS audzgjiem tika izol€tas cilmes Stinas ar paSatjaunoSanas un polipotentas
diferenciacijas Tpasibam, kas ekspres€ja CD133 §tinu virmas antigénu (Singh et al., 2004).
Sakotng&ji CD133 bija zinams ka hematopoé&tisko cilmstinu markieris, bet vélak tas tika
konstatéts ari citu normalo audu cilmsiinas (Richardson et al., 2004). Nav precizi zinams, ka
audzgjos rodas polipotentas véza cilmes $iinas. Tas var veidoties normalo audu cilmstinu
laundabigas transformacijas rezultata, kancerogénu ietekmé laika gaita tam akumul&jot
mutacijas. Ir arT noradijumi, ka augsti diferencétas véza Stinas var iegiit pastavigas
pasatjaunoSanas kapacitati de-diferenciacijas cela, tadéjadi iegtistot cilmes $iinas Tpasibas
(Cozzio et al., 2003).

Vé&za cilmes $iinas (ar iedzimtu vai iegiitu sp&ju pasatjaunoties) ir avots audzgja Stnu
parastai populacijai, kam nepiemit ilgtermina paSatjaunoSanas kapacitate, bet kuras saglaba
ierobezotas spgjas dalities un nobriest. Normalas fiziologijas terminos to var&tu nosaukt par
,»diferenciaciju” un véza Stnas tadgjadi var iegiit izejas audu tipam raksturigas iezimes, ko
plasi izmanto histopatologiskai un molekularai laundabigo audzgju klasifikacijai. Interesanti,
ka §is diferenciacijas process parasti ir atkarigs no genétiskas nekartibas laundabigajas $iinas.
Augsti diferencéti audzgji sastav parasti no normaliem audiem lidzigam $tinam un raksturojas
ar norobeZotu un I€nu augSanu. Turpreti, pieaugot mutaciju daudzumam audzg&ju §tnas,
notiek de-diferenciacijas process (uz vidgji diferencéto, zemu diferencéto un nediferencéto
audzgju), kad veza Siinas zaud€ izejas audu 1pasibas, strauji prolifere, ka art raksturojas ar
agresivu un invazivu augSanu. Audz€ja fenotipu nosaka regul€joso mehanismu iesaistiSanas
un destabilizacijas pakape tados procesos ka Siinu proliferacija, apoptoze, diferenciacija,
migracija un invazija, un pat metabolisms pirms- un p&cnatalas attistibas laika. Regulgjosie
mehanismi ir cie$i savstarpgji saistiti, centralie signalceli biezi tiek izmantoti daudziem
atskirigiem procesiem, tapec ir sarezgiti noteikt un pétit specifiskus molekularus notikumus,
kas nosaka audzgju daudzsolu evoliiciju. Nozimigi ir kvantitativie efekti, konteksta
specifiskums, savstarp&ja signalcelu savienojamiba un atgriezeniskas saites — tas viss
apgritina izp&tes procesu (DeVita et al., 2008).
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1.5.5 Audu cilmS$iinu un véza cilm§iinu ,,dabiska” rezistence

Interesants ir fakts, ka, arst€jot dazus kimijterapijas jutigos audzgjus, citotoksiskais
efekts var biit lielaks audzgja $tinas neka normalo audu $iinas, kunga-zarnu trakta epitéliju un
kaulu smadzenes ieskaitot. Konvencionalas kimijterapijas devas, kas ir pietickoSas véza $tiinu
lielakas dalas izskausanai, nespgj iznicinat normalo audu priekstecu $tnas un, beidzoties
citotoksiskajai iedarbibai, tas repopulé kunga-zarnu trakta glotadu un kaulu smadzenes
(DeVita et al., 2008). Molekulari genétiskie petijumi atklajusi, ka §im polipotentam
prieksStecu Stinam ar pasatjaunoSanas 1paSibam jeb audu cilmstnam atskiriba no audzgja
Stnam ir neskarta genétiska masinérija. Rezultata péc genotoksiskas un citotoksiskas
iedarbibas beigam efektivi ieslédzas Stnu cikla aresta, DNS reparacijas un apoptozes
mehanismi — respektivi, cilmes $tnas efektivi monitoré un izlabo notikuSos DNS bojajumus,
ka ar apoptozes cela atbrivojas no $tinam ar kritiskam genétiskam izmainam, ko nav
iespejams izlabot. Tas izskaidro faktu, ka normalas hematopoétiskas cilmes Siinas nav
spe€jigas pardzivot augsto devu kimijterapijas shému iedarbibu, bet 11dzigo véza cilmsiinu
populaciju audzgja ar So terapiju tomer nav iesp&jams iznicinat, jo biezi vien apoptozes
mehanisms tajas ir defektivs. Bez tam, audu cilm$iinu aizsardzibu nodroSina to reta daliSanas,
jo vairumam pretvéza medikamentu efektivai iedarbibai ir nepiecieSams, lai $lina atrastos
daliSanas procesa.

1.5.6 Audu cilm$iinu un véza cilm§tinu biokimskas un molekularas rezistences
mehanismi

Arf klasiskie biokimskas un molekularas rezistences mehanismi audu cilmstnas ir labi
attistiti. V&za cilmes $iinas var iegiit neuzn@mibu pret kimijterapiju caur vairakiem
mehanismiem ka, pieméram, DNS bojajumu labosanas sist€mas aktivacija, rezistence uz
apoptozi, medikamenta iedarbibas mérka mutacija vai palielinata ekspresija, kimijterapijas
lidzekla inaktivacija vai pastiprinata ta izvadiSana no Stinas. Audzgji, kas atjaunojas péc
sakotn€jas samazinasanas no kimijterapijas, parasti ir rezistenti uz vairakiem pretvéza
medikamentiem (tiem piemit multizalu rezistence) (Rangwala et al., 2011). V&za cilms$tnas ir
novérojama augsta dazadu ABC (ATP-binding cassette) transportieru ekspresija, kas ir
,»1zslégta” vairuma diferencéto priekstecu un nobrieduso stnu (Dean et al., 2005). Tris
galvenie multizalu rezistences géni, kas tika identificéti audzgjos, pieder tiesi pie §is klases:
ABCBI, kas kodé P-glikoproteinu, ABCC1 un ABCG2. So génu kodgtie tansportolbaltumi,
izmantojot ATF hidrolizes energiju, nespecifiski izvada no §tnas gan hidrofilas, gan
hidrofobas vielas, taja skaita art dazadus citotoksiskus medikamentus (Gottesman et al.,
2002). Peles ar maksligi raditu ABCB1, ABCC1 vai ABCG2 deficTtu ir dzivotspgjigas,
fertilas un ar normali funkciongjosam cilmstnam (Schinkel et al., 1994). Tas parada, ka
neviens no Siem géniem nav nepiecieSams cilms§tinu augSanai vai uzturéSanai. Kaut gan §is
peles ir vairak uznémigas pret tadu medikamentu iedarbibu ka vinblastins, ivermektins,
topotekans un mitoksantrons, kas pierada ABC transportieru nozimi Stinu protekcija no
toksiniem. ABC transportieri izvada no Stinas ar1 fluorescentas krasas Hoechst 33342 un
Rhodamine 123, un tadg€] asins plismas-citometrijas analizg ir iesp&jams atlasit
hematopoétiskas cilmes §tnas, kas veido ,,blavo stinu” kopu vai ,,blakus populaciju” (BP)
(Goodell et al., 1996). Eksperimentos izolétas BP $iinas demonstré polipotences ipasibas, jo
to neliels daudzums péc transplantacijas sp€j atjaunot hemopogtisku sistému pelei ar
apstaroSanas rezultata iznicinatam kaulu smadzeném. BP Siinas tika izdalitas no daudziem
audiem, ieskaitot smadzenes, kriits dziedzeri, plausas, sirdi, aizkunga dziedzeri, s€kliniekus,
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adu un aknas un §is $tinas tapat demonstré cilms$tnu ipasibas (Wu and Alman, 2008). Atklajot
So audu specifisku cilmsiinu un BP §iinu saistibu, kluvis iesp&jams izdalit cilmes $tinas no
praktiski jebkuras Stinu vai audu populacijas. BP Stinas tika identifictas ar1 vairakos
audzgjos, ka piemeéram 15 no 23 neiroblastomas paraugiem un kriits véza, plauSu véza,
neiroblastomas un glioblastomas $tnu linijas (Hirschmann-Jax et al., 2004). Interesanti, ka
BP Siinas atrastas arT dazas ilgstosi kultivétas véza Stinu Iinijas. Piem&ram, BP Siinas tika
atdalitas no ne-BP §tinam Zurku gliomas C6 $tinu linija un tika pieradits, ka tikai BP §iinas
sp€j talak izveidot abu $iinu veidu saturosu populaciju, ka ar1 producét Siinas gan ar
neironaliem, gan ar glialiem markieriem un izraisit audzgju pie ievadiSsanas pelei (Kondo et
al., 2004). Sis p&dgjais pétijums parliecinosi pieradijis, ka $aja §tinu linija BP parstav
nenobriedusu §tinu populaciju ar pasatjaunosanas kapacitati. Tome&r cilms$tnu atdaliSanas
metode, kas balstita uz fluorescentu krasu izvadiSanu no $iinas nav viennozimiga, jo vélakie
pétijumi cilmes Stnas atradusi ari ne-BP frakcija (Zhou et al., 2002), ka arT ne-cilmes $tinas
var ekspresét ABCG2 un ABCBI1 tansportolbaltumus, tadgjadi noklastot ,,blavo stinu”
populacija. Histopatologiskie p&tijumi zinojusi ABCB1 pastiprinatu ekspresiju vairak
diferencétos audzgjos (Mizoguchi et al., 1990) un $tnu linijas p&c apstrades ar diferenciaciju
izraisoSiem agentiem (Bates et al., 1989). Papildus ierobezojumi pastav cilm$tnu biologijas
un zalu rezistences pétisana, izmantojot in vitro kultivétas véza stnu linijas, jo cilmstnu
izdzivoSanai nepiecieSama specifiska vide, ko nodroSina citas audzgja Stinas, stromas §tinas
un augsanas faktori (Blanpain et al., 2004).

1.5.7 Veza cilmes Suinas ka pamats sik§iinu plausSu véZa recidivam un rezistencei

Nemot véra véza cilms$iinu dabisko neuznémibu uz pretvéza lidzeklu iedarbibu, ka ar1
to svarigo lomu mutaciju akumulacijas procesa, pievilciga liekas hipoteze, ka tiesi §is Stinas ir
atbildigas par véza recidivu un multizalu rezistenta genotipa nodosanu visam péctecu Stinam
repopuléta audzgja (Wicha et al., 2006). Pasreiz attieciba uz sikstinu plausu vézi jau ir
zinatniski dati, kas apstiprina $adu specifisko, pret terapiju rezistento véza Stinu
subpopulacijas klatbttni ar cilm§iinam raksturigam TpaSibam vai Stinu markieru ekspresiju
(Codony-Servat et al., 2016) (1.5. attéls). SSPV §anu linijas ir aprakstitas blakus populacijas
ar pastiprinatu Hoechst krasas izvadiSanu un $adu specifisku véZa cilms$tinu markieru
ekspresiju - ALDH1 (Aldehyde Dehydrogenase 1), CD44, CD133 jeb PROM1 (Prominin-1),
POUSF1 (POU Class 5 Homeobox 1), SALL4 (Spalt Like Transcription Factor 4), SOX2
(SRY-Box Transcription Factor 2) (Codony-Servat et al., 2016). Picaugu$o normalam
epitelialam cilmstinam raksturigs transkripcijas profils biezi tiek aktivizéts epitelialos
audzgjos pie to progresijas uz agresivu, izplatitu slimibu, ka arT jau sakotnéji ir aktivs plausu,
prostatas un urinptsla sik§tinu neiroendokrinajos audzg&jos (Smith et al., 2018). Vél viena
péttjuma ar SSPV trim §@nu linijam, kas tika iegitas no viena pacienta audzgja secigam
biopsijam, slimibai progres€jot tika novérota vairaku Stinu subpopulaciju paradiSanas ar
cilmstinu markieru MYC, SOX2 un CD44 pieaugosu ekspresiju un attiecigi ari pieaugosu
rezistenci uz gamma-starojumu (Heng et al., 2021).
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1.5. attéls. Véza cilmes Sunas (VC) ka pamats sikstinu plausu véZa recidivam un
rezistencei (Codony-Servat et al., 2016)

1.6. Embriogenézi reguléjosa Hedgehog (Hh) signalcela nozime siksiinu plausu
véZza cilmSiinu funkcionéSana un rezistences attistiba

1.6.1 Parskats par Hh signalcelu

Isuma raksturojot Hh signalcelu, tas ir viens no mehanismiem, ar kura palidzibu
organisma notiek audu attistibas regulacija embriogenéze un vélaka audu homeostazes
uzturéSana. Dazadas Stinas var sekretét hedgehog signalproteinu, kas ziditajiem var bt tris
veidu - Sonic (Shh), Desert (Dhh) un Indian (lhh). So signalproteinu receptors ir Ptch jeb
Ptchl (Protein Patched Homolog 1) un liganda/receptora kontakts izraisa Ptch inaktivaciju,
ka rezultata no ta inhib&josas ietekmes atbrivojas Smoothened (Smo), kas, savukart, palaiz
intracelularu signalu kaskadi un galu gala veicina dazadu mérka génu ekspresiju caur Gli
(Glioma-Associated Oncogene Homolog) proteinu transkripcijas faktoriem. Glil (Glioma-
Associated Oncogene Homolog 1) uzskata par galveno Hh aktivacijas indikatoru, jo tas ir
vienlaicigi gan signalcela transkripcijas mérkis, gan ari pozitivs regulators (Katoh and Katoh,
2009a, Gupta et al., 2010). Signalcela inhibitori ir SuFu (Suppressor Of Fused Homolog), kas
piedalas ar DNS saistita Glil degradacija, ka ari $tinas virsmas proteins Hhip (Hedgehog
Interacting Protein), kas konkur€josi saista Hh ligandus un ierobezo to darbibas diapazonu
(1.6. attels) (Teglund and Toftgard, 2010).
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(-Hh) Kreisaja pusé paradits modelis, kad nav Hh (Hedgehog) signalproteina kontakta ar to receptoru
Ptch jeb Ptchl (Protein Patched Homolog 1), rezultata Ptch inhibé Smo (Smoothened), nelaujot tam
ieiet Sinas primaraja skropstina un rezultata pilna garuma proteins Gli (Glioma-Associated Oncogene
Homolog), parsvara Gli3 tiek satsinats no C terminala uz Hedgehog mérka génu transkripciju
represéjoso proteina formu (Gli-R, attéla sarkans), kas talak tiek «nogatavinats» vairakos posmos
[seciga fosforilacija ar Glycogen Synthase Kinase 3 Beta (GSK3B), protein kinase A (PKA) un casein
kinase | (CKI) proteiniem; ubikvitinizéSana kompleksa ar Beta-Transducin Repeat Containing E3
Ubiquitin Protein Ligase (B-TrCP); daléja degradacija 26S proteosoma] vai pilnigi degradéts
proteosoma caur Speckle Type BTB/POZ Protein (Spop) mediétu ubikvitinizésanu.

(+Hh) Labaja pusé paradits kaskades modelis, kad Hh signalproteins piesaistas un izraisa receptora
Ptch degradaciju endosoma, ka rezultata aktivéjas Smo, un ar G Protein-Coupled Receptor Kinase 2
(GRK2), Arrestin Beta 2 (Arrb2), ka ari anterograda transporta motorolbaltumvielas kinezina 2
palidzibu gar mikrotubuliem celo primaraja skropstin3, izraisot pilna garuma Gli proteina, parsvara
Gli2 transformaciju uz aktivéjoSo formu (Gli-A, attéla zals), kas talak iesledz Hedgehog mérka génu
transkripciju. Stnas virsmas proteins Hedgehog Interacting Protein (Hhip) konkuréjosi saista Hh
ligandu, tadéjadi ierobeZojot ta darbibas rajonu. Savukart Growth arrest-specific 1 (GAS1), Cysteine
dioxygenase (CDO) un Brother Of CDO (Boc) olbaltumvielas Siinas virsma pastiprina Hh signalu
plGsmu.

1.6. attéls. Hh signalcela struktiira (Teglund and Toftgard, 2010)
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1.6.2 Petijjumu dati par Hh signalcela aktivaciju sikStinu plausSu veéza cilmSunas

Daudzsolosa ir hipot€ze, ka parastas véza Stinas var iegiit véza cilmsiinu Ipasibas
(ieskaitot rezistenci uz pretvéza lidzekliem) (Zhou et al., 2001, Bunting et al., 2000),
pateicoties signaliem, ko izdala apkart eso$as véza vai audzg&ja stromas Stinas (Alison et al.,
2012) (1.7. attels).
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(a) Véza cilmsina (attéla sarkana) asimetriski dalas uz vienu identisku cilmsinu un otru tranzita
proliferéjoso Sinu (attéla zala). Tranzita proliferéjosas Sinas var dalities noteiktu reizu skaitu
pirms visas izveido nobriedusas Slnas ar galigo diferenciaciju (attéla dzeltena). Véza
cilmsina var dalities ari simetriski uz divam identiskam meitas cilmsinam.

(b) Atseviskas véza cilmes Stinas var iegit jaunas mutacijas, kas dos sakumu jaunai véza siinu
klonalai populacijai ar atskirigu genétisku identitati.

(c) Tranzita proliferéjosas vai pat diferencétas Stinas var iegit cilmsinu Tpasibas signalu dél, ko
izdala apkart esoSas véZa vai audzéja stromas Stinas, pieméram, véZa asociétie fibroblasti
(cancer-associated fibroblasts - CAFs).

1.7. attéls. Parakrins véza cilmsunu attistibas modelis (Alison et al., 2012)

Hh signalcela intraepiteliala aktivacija eksperimentos ar dzivniekiem ir vérojama
glotadas regeneracijas procesa, kas liek domat par ta izmanto$anu normali klusgjosas $tinas,
atjaunojot elpcelu epitéliju péc bojajuma. Interesanti, ka Sie paaugstinatas Hh signalcela
aktivitates regioni atbilst plausu neiroendokrino cilmstnu lokalizacijas vietai - bronhiolu
bifurkacijas novietotajiem neiroendokrinajiem kermenisiem. Dzivnieku modeli tika
apstiprinata Hh signalu aktivacija embrionalas attistibas laika, novirzot elpcelu epitélija
priekStecu Stinas neiroendokrinas diferenciacijas cela, ka ar1 pieaugusai pelei pastavigi zema
§1 signalcela limena aktivitate vérojama bazali lokalizeto epitelialo $iinu neliela dala. Nemot
vera sik§tinu plausu véza neiroendokrino dabu, tika izvirzita hipotéze, ka liela nozime ta
attistiba ir tiesi neiroendokrino cilmsiinu defektiem, un izmainita Hh signalcela aktivitate Seit
var biit viens no galvenajiem faktoriem.
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Imunhistokimiski izmeklgjot desmit sikS$iinu plausu véza pacientu paraugus, piec0s NO
tiem tika konstatcta intraepiteliala Shh un Glil (Glioma-Associated Oncogene Homolog 1)
ekspresija, kas liecina par Hh signalcela aktivaciju. Japiebilst, ka lidzigu Shh un Glil
ekspresiju izdevas konstatgt tikai 4 no 40 ne-sikStinu v&za paraugiem (\Watkins et al., 2003b).
Sie dati netiesi liecina par Hh signalcela aktivaciju plausu audzgjos, lielaka méra tiesi sikstinu
plausu vézi.

Talaki pétijumi ar sik$tinu plausu véza dzivnieku modeliem vairak noradija uz Hh
signalcela aktivaciju caur parakrino vai autokrino mehanismu (1.8. attéls) (Barakat et al.,
2010, Rubin and de Sauvage, 2006), nevis aktivéjoSo mutaciju dgl, kas tika konstat&tas pie
citiem audzgjiem. SikStnu plauSu véza Stnas in vivo demonstré skaidru novietojuma
segregaciju atkariba no Shh signalu raidiSanas un uztverSanas, 11dzigi ka novéro elpcelu
attistibas un regeneracijas laika (\Watkins et al., 2003a).

a Typel b Typell c Typelll

G

NN\

For example,
Tumour VEGF and IGF Stroma

Var bt vairaku tipu Hh signalcela aktivacijas mehanismi audzéjos:

(a) Signalcela komponentu mutacija. Inhibéjoso proteinu tadu ka PTCH1 (Protein Patched Homolog
1) inaktivéjosas mutacijas vai pozitivo regulétaju tadu ka SMOH jeb Smo (Smoothened) aktivéjosas
mutacijas.

(b) Autokrina aktivacija jeb Hh signalproteina (Shh) parekspresija véza $iina, kas aktivé Hh signalcelu
Saja pasa véza $Una. Tas var notikt visas audzéja Snas vai uzturét tikai véza cilmsinu funkcionésanu.
(c) Parakrina aktivacija jeb Shh parekspresija véza $tina izraisa Hh signalcela aktivaciju blakus
esoS$ajas audzéja stromas $inas un tas sak raZzot augsanas faktorus (piem. IGF — insulin-like growth
factor; VEGF — vascular endothelial growth factor), kas atgriezeniski stimulé talaku audzéja
izdzivoSanu vai augSanu.

1.8. attéels. Dazadi Hh signalcela aktivacijas modeli audzéjos (Rubin and de Sauvage,
2006)
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Hh signalcela aktivacija tika konstatéta ar1 petijumos ar sikstinu plausu véZa Siinu
Iinijam, paradot, ka autokrini signali dazreiz saglabajas aktivi in vitro (Pasca di Magliano and
Hebrok, 2003). Hh signalcela nomaksana ar Smo inhibitoru steroidu alkaloidu Ciklopaminu
vai monoklonalu anti-Hh antivielu, kas nelauj Hh piesaistities pie Ptch, blok&ja So $iinu Iiniju
augSanu. Tapat, sisteémiska terapija ar Ciklopaminu bija efektiva sik§tnu plausu véza stnu
Iinijas ksenografta modelt imtindefektivajai pelei (Watkins et al., 2003Db).

Interesants bija Tian et al. p&tijums, kur autori izdalijusi véza cilms§tinam lidzigu
,,blakus populaciju” adenokarcinomas HCC $iinu linijai un sikStinu plausu véza H1339 §tinu
Iinijai. Hh signalcela aktivatoru Smo izdevas konstatét tikai BP §tinas un tiesi So Stinu
augSanu efektivi mazinaja Smo inhibitors GDC-0449 (Tian et al., 2012). Tomér japiebilst, ka
Hh signalcela aktivitate proteinu liment in vitro §tnu linijas un dzivnieku modelos ir reta
paradiba. Ta, pieméram, pétijuma ar 20 siksiinu plauSu véza Siinu linijam Glil proteins, ko
petijumos izmanto ka Hh signalcela aktivitates markieri, tika konstatéts tikai viena. Turpreti,
taja pasa petijuma, imiinhistokimiski izmeklgjot 40 sikSiinu plausu véza pacientu paraugus,
Glil proteina ekspresija tika konstatéta 34 (85%) no tiem (Vestergaard et al., 2006). Tik liela
atskiriba likusi petniekiem secinat, ka Siinu linijas un no tam izveidoti ksenografti
neatspogulo realu Hh signalcela stavokli sikstinu plausu vézi in vivo, un, visticamak, kliistot
dzivotsp&jigam in vitro, siksiinu plausu véza Stinas zaud¢ svarigako Hh signalcela
komponentu ekspresiju.

Lielakais publicétais petijums, kas analizgjis Hh signalcela in vivo aktivitati 172
plausu v&za pacientu (taja skaita 13 sik$tinu plausu véza pacientu) paraugos, ir uzradijis
paaugstinatu Shh liganda saturu gan mRNS, gan protetna Iiment 127 no 172 (73%) audzgjiem
kopuma un 10 no 13 (77%) siks$tinu plausu véza paraugiem (Chi et al., 2006). P&tot Hh
signalcela atsevisku citu génu (Hhip, Ptchl, Glil) ekspresiju mMRNS/proteinu Iimeni, nav bijis
iesp&jams korelét to aktivitati ar Shh liganda ekspresiju. Ta, pieméram, nosakamas Shh
ekspresijas nebija piecos no 16 audzgjiem, kur tika konstatéta vismaz 2 no 3 Hh signalcela
aktivitati noradoso génu ekspresija (Ptchl + Glil vai Hhip). Un arT otradi, pie izteiktas Shh
ekspresijas biezi netika konstatéta Ptchl, Glil vai Hhip génu aktivitate. Viennozimigi Saja
peétijuma tika pieradits tikai tas, ka Hh signalcela génu ekspresija notiek tiesi audz€ja Stinas,
nevis stromas Stinas.

1.6.3 Hh signalcela aktivacijas iespéjamie iemesli

nenoskaidrotas aktivéjoSas/inaktivéjoSas mutacijas ta komponentu kodgjosos génos un/vai
epignétiskie/pec-transkripcijas traucgjumi (1.9. attéls) (Katoh and Katoh, 2009a). Saja sakara
nevar nepieminét péc-transkripcijas génu noklusinasanu ar peédejos gados arvien aktualakam
audz&ju miRNS (mikroRNS). Tas ir audzg&ja stinu producétas endogenas 19-22 nukleotidu
garas nekodgjosas RNS molekulas, kas komplementari piesaistas pie mérka mRNS, izraisot
tas degradaciju vai translacijas inhibiciju (Garzon et al., 2010, Krol et al., 2010, Zandberga et
al., 2013). Sikstnu plausu véza pacientiem miR-92a-2* tika novérota statistiski ticami
saistiba ar rezistenci uz kimijterapiju un nelabvéligu prognozi (Ranade et al., 2010).
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Hh signalproteina (HH) inducéta Ptch (Patched) degradacija izraisa Smo (Smoothened) un MAP3K10
(Mitogen-Activated Protein Kinase Kinase Kinase 10) aktivaciju, kas, savukart, samazina PKA (protein
kinase A), GSK3 (Glycogen Synthase Kinase 3) vai DYRK2 (Dual Specificity Tyrosine Phosphorylation
Regulated Kinase 2) mediétu Gli (Glioma-Associated Oncogene Homolog) inhibiciju un noved pie
aktivéjosas Gli proteina formas (parsvara Gli2) stabilizacijas un akumulacijas Stnas kodola.

RTK (Receptor tyrosine kinase) signalcels potencé Hh aktivitati, samazinot GSK3 aktivitati caur
PI3K/AKT signaliem vai arf samazinot otra inhibitora - SuFu (Suppressor Of Fused Homolog) aktivitati
caur RAS (Rat sarcoma virus) - STIL1 (STIL Centriolar Assembly Protein) signaliem.

GPCR (G Protein-Coupled Receptor) — Gs (Glutamine Synthase) signalce)$s mazina Hh aktivitati,
pastiprinot Gli inhibéjosas PKA darbibu caur cAMP (Cyclic adenosine 3’,5’-monophosphate).
Aktivéjosa Gli forma Siinas kodola piesaistas pie GACCACCCA nukleotidu secibas un regulé dazadu
meérka génu transkripciju, kas ir iesaistiti tados svarigos Slnu procesos ka homeostazes uzturésana,
proliferacija, pasatjaunosanas, izdzivosana un Epiteliala-uz-mezenhimalo pareja (Epithelial-to-
mesenchymal transition — EMT).

1.9. attéls. Hh un citu Stinas molekularo signalcelu mijiedarbiba (Katoh and Katoh, 2009)
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1.6.4 Hh signalcela aktivacijas saistiba ar rezistenci uz pretvéza terapiju
peétijumos ar citiem audzéjiem

Hh signalcela paaugstinatas aktivitates tieSa un netiesa saistiba ar rezistenci uz
pretvéza terapiju un agresivaku slimibas gaitu tika uzradita ar1 p&tijumos ar citiem audzgjiem.

Pieméram, Glil proteina ekspresija krits audz€ju paraugos statistiski ticami korel&ja ar
lielaku audzgja stadiju, metastazu skaitu paduses limfmezglos un 1saku dzivildzi (ten Haaf et
al., 2009). Sims-Mourtada et al. novéroja ievérojamu Shh un Glil ekspresijas palielinasanos
lielakaja dala rezidualo baribas vada adenokarcinomu p&c sanemtas staru-kimijterapijas, ka
arT Hh signalcela aktivizéSanas tika noveérota baribas vada véza ksenografta modelt
repopulacijas laika p&c staru-kimijterapijas (Sims-Mourtada et al., 2006). Baribas vada
adenokarcinomas un prostatas véza Stinu liniju stimulacija ar Shh ligandu pastiprinaja Hh
signalcela transkripcijas faktora Glil, ka arT multizalu rezistences génu ABCB1 jeb MDR1
jeb p-glikoproteins un ABCG2 jeb BCRP1 (breast cancer resistance protein 1) ekspresiju.
Savukart, blok&jot Hh signalus ar Glil specifisku siRNS (Gli-1-specific small interfering
RNA) vai pievienojot $iinu Itnijai Ciklopaminu (Hh signalcela nespecifisku inhibitoru), tika
panakta Glil un arT abu multizalu rezistences génu ekspresijas samazinasanas (Sims-
Mourtada et al., 2007). Yoshikawa et al. p&tijuma plakanstinu baribas vada véza pacientiem,
kas sanema pirmsoperacijas staru-kimijterapiju, Glil ekspresija audzgja Stinas bija spécigs un
neatkarigs riska faktors agrinam recidivam un sliktai prognozei p&c arstésanas (Yoshikawa et
al., 2008). Pacientiem, kas sanéma paliativu staru-kimijterapiju sakara ar anala kanala vézi,
tika atrasta Shh, Glil un NF-kappap ekspresijas saistiba ar slimibas laiku 1idz progresijai
(Ajani et al., 2010).

1.6.5 Hh signalcela saistiba ar EMT (epithelial-to-mesenchymal transition), anti-
apoptotisku BCL2 (B-cell Lymphoma 2) proteinu un cilmsinu funkcionalo
markieri BMI1

Interesanti, ka NF-kappap ir TGF-3 - MAP3K?7 - IKK - NF-kB - ZEB1/ ZEB2
signalcela sastavdala, un $1 kaskade tiek aktiveta ar Hh signaliem. Hh signalcels tiesi vai
pastarpinati ietekme arT FOXC2 un SNAII/SNAI2, kuri kopa ar ZEB1/ZEB?2 ir atbildigi par
epitelialas-uz-mezenhimalo parejas norisi audzgja Stinas. EMT nodroSina audzgja Stinu
invazijas Tpasibas un metastaze€$anos organisma, bet attalos organos véza Siinu kolonizacija
parasti notiek ar pretéjas mezenhimalas-uz-epitelialo parejas palidzibu (2.0. attels) (Katoh
and Katoh, 2009a).
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(A) Shematisks attéls Epitelialas-uz-mezenhimalo parejai (EMT) un Mezenhimalas-uz-epitelialo
parejai (MET). EMT gadijuma Stinas ar epitelialam 1pasibam (E-kadherina ekspresija blakus
esoS$o $linu savienojuma vietas, kas nodro$ina §tinu ciesu savstarp&jo adh&ziju un parvietosanu
viena bloka ka loksne) iegiist mezenhimalo $tinu Tpasibas (zaudé E-kadherina ekspresiju, Stinas
vairs nav ciesi saistitas viena ar otru un attiecigi parvietojas neatkarigi viena no otras). MET
gadijuma process notiek otradi — §tinas ar mezenhimalam 1pasibam iegiist epitelialo Siinu fenotipu.
(B) EMT process, ko izraisa Hedgehog signalcela galvena transkripcijas mérka Gli (Glioma-
Associated Oncogene Homolog) iedarbiba uz multipliem EMT regulatoriem - SNAIL un SNAI2
(Snail Family Transcriptional Repressor 1 and 2), ZEB1 un ZEB2 (Zinc Finger E-Box Binding
Homeobox 1 and 2) un FOXC2 (Forkhead Box C2).

2.0. attéls. Hh signalcels un EMT (Epithelial-to-mesenchymal transition) (Katoh and
Katoh, 2009)
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Laundabigo Stinu génu ekspresijas analize B-Siinu hroniskas limfocitaras leikozes
pacientiem uzradija paaugstinatu Hh signalcela aktivitati un ta signalmolekulu Glil, SuFu
transkriptu parekspresija korel&ja ar citiem sliktakas prognozes riska faktoriem, tadiem ka
CD38 ekspresija un citogenétiskas izmainas (Hegde et al., 2008). Saja, ka arT virkng citu
pétijumu tika konstatéta Hh signalcela saistiba ar svarigu anti-apoptotisku BCL2 (B-cell
Lymphoma 2) génu ekspresiju. Kopa ar vél vienu cilmstnu funkcionalo markieri BMI1, kas ir
polikombu grupas (Polycomb group) proteins un ir iesaistits hromatina remodelacija un
epigenétiska dazadu génu noklusinasana, tas nodro$ina audzgja §tinu rezistenci uz apoptozi
(2.1. attels) (Katoh and Katoh, 2009a). Interesanti, ka BMI1 ekspresija cita p&tijuma ar 64
sik§tinu plausu véza paraugu kohortu tika konstatéta 63 (98.4%) no 64 audzgjiem (Koch et
al., 2008). Savukart, BCL2 géna parekspresija tika aprakstita 75-95% sikstinu plausu audzgju
un parasti ir saistita ar BCL2 lokusa géna amplifikaciju 18. hromosoma (18q21). BCL2
inhibicija uzrada pretvéza aktivitati sik§inu plausu véza linijas un ksenograftos (Pietanza and
Rudin, 2012).

Hedgehog
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Hedgehog signalcela galvenais transkripcijas mérkis Gli (Glioma-Associated Oncogene Homolog)
veicina véza Slnu un Tpasi véza cilmsinu izdzivosanu, ietekméjot vairakus apoptozes regulatorus:
* 2 anti-apoptotisko proteinu tiesa aktivacija - BCL2 (B-cell Lymphoma/Leukemia-2) un CFLAR
(CASP8 And FADD Like Apoptosis Regulator)
* vairaku pro-apoptotisko proteinu nomaksana caur BMI1 (BMI1 polycomb ring finger
oncogene), PRDM1 (PR/SET Domain 1) un PDGFRa (Platelet Derived Growth Factor Receptor
Alpha) - ERK (extracellular signal-requlated kinases) signaliem. Rezultata samazinas FAS (Fas
Cell Surface Death Receptor), BIM (BCL2-Interacting Mediator Of Cell Death), p19, ARF (ADP
Ribosylation Factor), p53 un NOXA jeb PMAIP1 (Phorbol-12-Myristate-13-Acetate-Induced
Protein 1) aktivitate un véZa Slina nevar realizét «programmeétas naves» procesu.

2.1. attéls. Hh signalcela saistiba ar BCL2 un BMI1 (Katoh and Katoh, 2009)

38



2. MATERIALS UN METODES

2.1. Klinisko prognostisko faktoru un arsteSanas rezultatu analize sikS§iinu plausu
véza pacientiem Paula Stradina KUS Onkologijas klinika

Petama grupa

Retrospektiva pétijuma apkopoti 100 secigi pirmreizgjie pacienti ar morfologiski pieraditu
sikstinu plausu vézi (C34), kas multidisciplinaraja konsilija bija noziméti specifiskai terapijai
Paula Stradina KUS Onkologijas klinika laika posma no 2006. gada augusta lidz 2009. gada
decembrim (Kozirovskis et al., 2012). Dati iegiiti no mediciniskas dokumentacijas —
multidisciplinaro konsiliju slédzieniem, ambulatorajam kart€ém, dienas stacionara un
stacionara kartém, programmas “Arstu birojs”, radiologisko izmeklgjumu atbilzu
programmas “AI-RIS PSKUS”. Pacientu naves datumi iegiiti no Nacionala veselibas dienesta
P&tniecibas un statistikas departamenta datu bazes “PREDA”.

leklausanas kritériji:

1. Pacientam morfologiski (histologiski vai citologiski) pieradits sikstinu plausu vézis.
2. Pacients multidisciplinaraja konsilija bija noziméts specifiskai terapijai (“Intention-
To-Treat” grupa).

Jauzsver, ka Seit netika analiz&ti pacienti, kam jau sakotngji péc diagnozes noteikSanas nebija
iesp&jama kimijterapija un kam péc literatiiras datiem vidgja dzivildze bez arstéSanas vai
pielietojot tikai lokalo terapiju (kirurgiska vai staru terapija) ir no 1 1idz 3 ménesiem kops
diagnozes briza (Zelen, 1973).

Datu iegiiSanas metodes:

Tika apkopoti dati par vecumu, dzimumu, diagnostiskas procediiras veidu un datumu,
veselibas apriipes iestadi, kur veikta diagnostika, stadiju un metastazu lokalizaciju, pacientu
vispargjo stavokli peéc ECOG skalas (Oken et al., 1982), laiku no diagnozes lidz specifiskas
terapijas uzsaksanai, sanemtas kimijterapijas veidu un liniju skaitu, sanemtas Staru terapijas
veidu, radiologiskajos izmekl&jumos apstiprinatu labako atbildes reakciju uz sanemto terapiju
un naves datumu.

Statistiska analize

Iegiitos rezultatus ievadija MS Excel datu bazg, statistiska analize veikta, izmantojot
MedCalc statistiskas analizes programmu, v.10.2.0.0 (MedCalc Software, Ostend, Belgija).
Kopgjo dzivildzi (OS) aprékinaja un salidzinaja, izmantojot Kaplana-Meijera metodi un log-
rank testu. Korelaciju analizi veica, izmantojot Cox proporcionala riska regresijas metodi.
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2.2. Hedgehog signalcela asocieto génu ekspresija ka sikSiinu plauSu véza
prognostiskais faktors

Petama grupa

Prospektivs pétijums, kura ieklauti 12 pirmreizgjie pacienti ar histologiski pieraditu III un IV
stadijas sik§tnu plauSu vézi, Kas ir piekritusi pétijuma audzgja biopsiju paraugu iegtiSanai
diagnostiskas fibrobronhoskopijas laika no 2010. gada oktobra lidz 2014. gada janvarim un
kuri vélak sanéma specifisku terapiju Paula Stradina KUS Onkologijas klinika. Pirmsterapijas
pétijuma biopsijas tika iegiitas 20 pacientiem. P&c ieklausanas krit€riju izvertéSanas 8 pacienti
tika izslégti no analizes, jo 5 pacientiem pé&tijuma biopsija véza Stnu klatbtitne nebija
citologiski apstiprinata un vél 2 pacientiem tika iegtita sliktas kvalitates parauga RNS. 1
pacients nomira agrini arstéSanas laika no ar v&zi nesaistitiem iemesliem un arf tika izslégts
no analizes.

leklauSanas kriteriji:

1. Parakstita pacienta informétas piekriSanas lapa

2. Pacientam histologiski pieradits III vai IV stadijas sik$tinu plausu vézis.

3. Citologiski apstiprinata véza Stinu klatbtitne p&tijuma biopsija, izmeklgjot parauga
nospiedumu uz priekSmetstiklina pirms ievietoSanas konservanta.

4. Labas kvalitates RNS pétijuma biopsija.

5. Pacients ir san@mis vismaz divus paliativas kimijterapijas kursus.

6. Pacientam ir veikti kontroles izmekl&jumi dinamika un fiks&ts progresijas un naves
datums.

Datu iegiisanas metodes:

1. Tika apkopota kliniska informacija par p&tijuma pacientu vecumu, dzimumu, stadiju
un metastazu lokalizaciju, pacientu vispargjo stavokli pec ECOG skalas, sanemto
specifisku terapiju, radiologiskajos izmekl&jumos apstiprinatu labako atbildes reakciju
uz sanemto terapiju, novirzes sanemtas kimijterapijas devas un intervalos, slimibas
progresijas laiku/veidu un naves datumu.

2. Pétijuma audzgja biopsiju paraugi péc panemsanas un nospieduma uz citologijas
stiklina izdari$anas tika ievietoti RNS konservanta — RNAlater solution (Thermo
Fisher Scientific, USA) un Iidz analizei uzglabati —20°C.

3. Pétijuma biopsijas audu mRNS sagatavosana ar Lysing Matrix D (MP Biomedicals,
USA) tika veikta audu homogenizatora (FastPrep®-24 Instrument) ar atrumu 0.4 m/s
40 sekunzu laika. Kopgja RNS tika izoléta ar MirVana total RNA Isolation Kit
(Thermo Fisher Scientific, USA) atbilstosi razotaja protokolam. RNS tika apstradata ar
DNAse | (Thermo Fisher Scientific, USA) un RNS koncentracija un tiribas pakape
tika noteikta Nanodrop ND-100 spektrofotometra. cDNS tika sintez&ta, izmantojot
nejausus heksameru praimerus no kopgjas RNS 1 pg, izmantojot Revert Aid First
Strand cDNA Synthesis kit (Thermo Fisher Scientific, MA, USA) atbilstosi razotaja
instrukcijam.

4. Reala laika kvantitativa polimerazes k&des reakcija (QPCR) tika veikta, izmantojot 2
ul 1:10 atskaiditus cDNA reakcijas maisijumus, ABSolute Blue ™ SYBR green Low
ROX (Thermo Fisher Scientific, USA) un ViiA 7 real-time polymerase chain reaction
system (Applied Biosystems, Life Technologies, USA). Ekspresijas datu normalizacijai
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tika aprékinats normalizacijas faktors katram ¢cDNS no 3 visstabilako references génu
(ACTB, LRP10, YWHAZ) ekspresijas limeniem, kas tika atlasiti no 7 biezak lietotiem
endogénas kontroles géniem ar geNorm programmatiru. Visi salidzinosie reala laika
gPCR eksperimenti tika veikti dublikatos un dati tika analizéti ka to vidgjas veértibas
standartnovirzes.

Statistiska analize

Datu statistiskajai apstradei vispirms izveidoja datubazi datorprogramma MS Excel,
péc tam datus konvertgja profesionalaja p&tijumu datu statistiskas apstrades programma SPSS
(Statistical Pacade for Social Sciences) for Windows 21.0 versija. Vid&jo kop€jo dzivildzi
aprékinaja, izmantojot Kaplana-Meijera metodi un log-rank testu. P&éc aprékinatas vid&jas
kopgjas dzivildzes pacientus sadalija isas dzivildzes un garas dzivildzes grupas. Veicot
salidzino$o analizi, atkariba no mainigo vértibu tipa izmantoja Stjadenta (t-testu) vai hi
kvadrata (%2) testu. MRNS ekspresijas limena vidgjas veértibas katram Shh signalcela
asoci€tajam génam (Glil, SMO, SUFU, PTCH1, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC,
Twistl) salidzinaja isas dzivildzes un garas dzivildzes grupu pacientu pirmsterapijas pétijuma
audzgja biopsiju paraugos, izmantojot neatkarigo paraugkopu t-testu un aprékinot 95%
ticamibas intervalu. Visu hipotézu parbaud@s izmantoja abpusgjas (2-tailed) statistiskas
hipotézes, un atskiribas starp grupam tika uzskatitas par biitiskam pie p < 0,05.
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2.3. Hedgehog signalcela saistito genu ekspresijas salidzinajums para biopsijas
pirms terapijas un recidiva laika

Petama grupa

Punkta 2.2 aprakstito p&tijuma pacientu apakSgrupa no 3 siks$tunu plausu véza slimniekiem,
kam tika iegiiti pétijuma audz&ja biopsiju paraugi pirms terapijas un recidiva laika.

leklausanas kriteriji:

1. Visi punkta 2.2 aprakstitie ieklauSanas kriteriji.

2. Citologiski apstiprinata véza Stnu klatbatne recidivéjoSa audz€ja p&tijuma biopsija,
izmeklgjot parauga nospiedumu uz priekSmetstiklina pirms ievietoSanas konservanta.

3. Labas kvalitates RNS recidivéjosa audzgja pétijuma biopsija.

Datu iegiisanas metodes:
1. Visas punkta 2.2 aprakstitas datu iegtiSanas metodes
Statistiska analize

Iegtitos rezultatus ievadija MS Excel datu bazg, veikta statistiska analize, izmantojot
MedCalc statistiskas analizes programmu, v.10.2.0.0 (MedCalc Software, Ostend, Belgija).
Veicot salidzino$o analizi, atkariba no mainigo vértibu tipa izmantoja Stjadenta (t-testu) vai
hi kvadrata (y2) testu. mRNS Iimeni katram Shh signalcela saistitajam génam (Glil, SMO,
SUFU, PTCH1, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twistl) salidzinaja viena un ta
pasa pacienta pirmsterapijas un recidivéjosa p&tijuma audzgja biopsiju paraugos, izmantojot
divu saparotu paraugkopu t-testu. Katra Shh signalcela saistita géna ekspresijas limena
vidgjas veértibas ari salidzinaja visos pirmsterapijas un recidivéjosos paraugos, aprékinot 95%
ticamibas intervalu. Visu hipotézu parbaud@s izmantoja abpusgjas (2-tailed) statistiskas
hipotézes, un atskiribas starp grupam tika uzskatitas par biitiskam pie p < 0,05.
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3. REZULTATI

3.1. Klinisko prognostisko faktoru analize sik§iinu plausu véZa pacientiem Paula
Stradina KUS Onkologijas klinika

100 secigi pirmreiz&jie pacienti ar morfologiski pieraditu sik§tnu plausu vézi, kas
multidisciplinaraja konsilija bija noziméti specifiskai terapijai Paula Stradina KUS
Onkologijas klinika laika posma no 2006. gada augusta lidz 2009. gada decembrim tika
ieklauti retrospektiva petijuma.

Ieklauto pacientu vid&jais vecums bija 61,52 + SD 7,13 (47-77, 95% CI 60,1-62,9)
gadi (3.10. attels), no tiem 90 bija viriesi (90 %) un 10 sievietes (10 %).
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3.10. attéls. Pacientu sadalijums pa vecuma grupam

P&c diagnostiskas procediiras veida slimibas morfologiskai verifikacijai visbiezak
izmantoja fibrobronhoskopijas procedtru — 71 pacientam. 9 pacientiem tika veikta
mediastinoskopija, 7 pacientiem supraklavikulara limfmezgla biopsija, 5 pacientiem veiktas
torakotomijas ar 3 diagnostiskam operacijam un 2 arstnieciskam operacijam - 1
pneimonektomiju un 1 lobektomiju. Vienam pacientam metastatiska slimiba morfologiski
tika apstiprinata aknu veidojuma punkcijas biopsijas materiala un vél vienam pacientam
galvas smadzenu metastazes rezekcijas materiala.

87 pacientiem slimiba tika pieradita ar histologisko (imtinhistokimisko) biopsijas
materiala izmekl&jumu, 13 pacientiem — tikai citologiski, nepietiekosi liela biopsijas parauga
del.

P&c veselibas aprupes iestades, kur tika veikta diagnostika, 93 pacienti bija no Paula
Stradina KUS torakalas kirurgijas, pneimonologijas un neirokirurgijas nodalam, bet 7
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pacienti tika novirziti no Rigas 1. slimnicas, Tuberkulozes un plausu slimibu centra,
stacionariem “Bikernieki” un “Gailezers”.

66 pacientiem (66%) bija lokaliz&ta sik$tinu plausu véza stadija (bez attalam
metastaz€m) un 34 pacientiem (34%) bija izplatita slimibas stadija (ar attalam metastazeém)
(3.11. attels).

» Lokalizéta stadija (bez attalam metastazém) bija 66 pacientiem (66%)

= Izplatita stadija (ar attalam metastazém) bija 34 pacientiem (34%)

3.11. attéls. Pacientu sadalijums pa stadijam

Izplatitas stadijas pacientiem visbiezak metastazes novéroja izoléti aknas — 10 pacientiem
(29%), tad sekoja kombin&tas metastazu lokalizacijas — 8 pacientiem (23%), metastazes
galvas smadzengs - 4 pacientiem (12%), metastazes virsniercs - 4 pacientiem (12%),
metastazes plausas - 2 pacientiem (6%), metastazes ne-regionalos limfmezglos - 3 pacientiem
(9%), metastazes pleira - 2 pacientiem (6%) un vienam pacientam bija zemadas metastazes
(3%) (3.12. attels). Interesanti, ka izol&tas kaulu metastazes pacientiem netika novérotas. 2
pacientiem bija kaulu + aknu metastazu kombinacija un vél vienam vienlaicigi bija kaulu +
plausu metastazes. 2 pacientiem metastazes ne-regionalos limfmezglos kombingjas ar aknu
vai virsnieru metastazém. Pa vienam pacientam bija ar aknu + virsnieru, aknu + plauSu +
zemadas un pleiras + perikarda metastazu kombinaciju.
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= Attalie I/m = Zemadas mts = Pleira = Multiplas mts

3.12. attéls. Metastazu lokalizacija pétijuma ieklautajiem pacientiem (mts —
metastazes, |/m - limfmezgli)

Analizgjot pacientu vispargjo stavokli peéc ECOG skalas (Oken et al., 1982), visvairak
pétijuma populacija bija slimnieku ar ECOG 1 — 56 pacienti un ECOG 2 — 33 pacienti. 7
pacienti bija ar ECOG 3,3 —ar ECOG 4 un 1 —ar ECOG 0 (3.13. attels). ECOG 4 pacienti
specifisku terapiju nav sanémusi, tika arstéti simptomatiski.
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3.13. attéls. Pacientu sadalijums péc visparéja stavokla peéc ECOG skalas



Péc laika no diagnozes lidz specifiskas terapijas uzsakSanai vid€jais gaidiSanas laiks
pétijuma pacientiem bija 15,55 + SD 15,62 (0-96, 95% CI 12,4-18,7) dienas (3.14. attels).
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3.14. attels. Laiks no diagnozes lidz specifiskas terapijas uzsaksanai

P&c sanemtas kimijterapijas veida un liniju skaita 97 pétijuma pacienti tika arstéti ar 1.
linijas paliativu kimijterapiju (73 — PE shému, 19 — CE shému, 5 — CAV shému), 29 pacienti
bija sanémusi 2. linijas terapiju (25 — CAV shému, 1 — CEA shému, 1 — PE shému, 2 —
peroralu Etopozidu). 6 pacienti bija sanémusi ar 3. linijas terapiju (1 — Topotekanu, 1 —
Paklitakselu, 3 - peroralu Etopozidu, 1 - peroralu Ciklofosfamidu). 1 pacients bija sanémis
paliativas kimijterapijas 4. liniju ar Paklitakselu.

Staru terapiju primarajam audz&jam un metastatiskiem videnes limfmezgliem bija
sanémusi 39 pétijuma pacienti. Tikai 1 pacients bija sanémis vienlaicigu Staru-kimijterapiju,
pargjiem pacientiem staru terapiju veica secigi péc pabeigtas kimijterapijas. Konsolidgjosa
profilaktiska galvas apstarosana tika veikta 9 pacientiem. 15 pacienti staru terapiju bija
sanémusi simptomatiski — audz&ja vai metastazu izraisito simptomu mazinasanai.

Analizgjot radiologiskos izmekl&jumos apstiprinatu labako atbildes reakciju uz
sanemto terapiju, pilna remisija tika sasniegta 5 lokaliz&tas stadijas pacientiem un 1 izplatitas
stadijas pacientam, bet dal&ja remisija attiecigi bija 39 un 15 pacientiem. Aprekinot atbildes
biezumu uz terapiju péc pilnas un dalgjas remisijas kopa — ta tika noveérota 67% lokaliz&tas
stadijas pacientiem un 47% izplatitas stadijas pacientiem. Stabila slimiba attiecigi bija 12 un
3 pacientiem, bet slimibas progresija — 11 lokaliz&tas stadijas pacientiem un 14 izplatitas
stadijas pacientiem (3.11. tabula).
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3.11. tabula. Radiologiski apstiprinata vislabaka atbildes reakcija uz sanemto
terapiju, atbildes reakcijas biezums un dzivildzes dati pétijuma ieklautajiem

pacientiem
Stadija | Pacienti Labaka atbildes rea.lf cija Dzivildze
uz sanemto terapiju
CR|PR|SD[PD|:5*V35 | 471vildze 1 gada | 2 gadu | 3 gadu | 5 gadu

biezums (ménesi)
(CR+PR)

LS 66 5139|1211 | 67% 10 42% | 14% 6% 2,6%

IS 34 1 (15(3 |14 47% 7 27% 0% - -

LS - Lokalizéta stadija (bez attalam metastazem); IS - Izplatita stadija (ar attalam

metastazém); CR - complete response (pilna remisija); PR - partial response (daléja remisija);
SD - stable disease (stabila slimiba); PD - progressive disease (slimibas progresija)

dzivildze — 27%, 2 gadu dzivildze — 0% (3.15. attels un 3.11. tabula). Salidzinot dzivildzes
datus, atskiriba starp stadijam bija statistiski ticama HR 2,03; 95% CI 1,25-3,29; p = 0,0041.
Tikai 4 (2.6%) lokaliz&tas stadijas pacienti sasniegusi dzivildzi virs 5 gadiem — 2 Sievietes
(33%) un 2 viriesi (3%). Abam sievietém terapijas rezultata sasniegta dal&ja remisija, viena
paciente pazudusi no uzraudzibas péc 5,5 gadiem, bet otra joprojam ir dziva un bez slimibas

Vidgja kopgja dzivildze (mOS) pétijuma pacientiem ar lokalizétu stadiju bija 10,2
ménesi, 1 gada dzivildze — 42%, 2 gadu dzivildze — 14%, 3 gadu dzivildze — 6%, 5 gadu
dzivildze — 2,6%, bet pacientiem ar izplatitu stadiju attiecigi mOS bija 7,1 ménesi, 1 gada

progresijas jau 13 gadus. Vienam ilgdzivotajam virietim bija panakta pilna remisija un vins ir
pazudis no uzraudzibas péc 9 gadiem. Otram pacientam ar dal&jo remisiju slimibas

progresijas nav jau 13,5 gadu laika.

47




HR 2,03; 95 % Tl 1,25-3,29; p = 0,0041. mOS 10,2 mén. vs 7,1 mén.
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A 30 40 50 60
Riskam paklauto skaits Laiks (meneSI)
Grupa: IS
34 11 1 0 0 0 0
Grupa: LS
66 36 11 8 4 2 1

LS - lokalizéta stadija (bez attalam metastazém); IS - izplatita stadija (ar attalam
metastazeém); mOS — vidéja kopéja dzivildze

3.15. attels. Kaplana-Maijera kopéjas dzivildzes (OS) likne pétijuma pacientiem ar
lokalizétu un izplatitu stadiju
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Daudzfaktoru Cox regresijas analize parada, ka neatkarigie prognostiskie raditaji, kas
pétijuma pacientiem ietekméja kopgjo dzivildzi, ir sieviesu dzimums un pacienta labs
vispargjais stavoklis (ECOG 0-1). Viena faktora Cox regresijas analize uzradija ari lokaliz&tu
slimibas stadiju ka labvéligu prognostisku raditaju (3.12. tabula).

3.12. tabula. Klinisko prognostisko faktoru analize pétijuma ieklautajiem
pacientiem péc Cox proporcionala riska modela

Faktors

Viena faktora (univariate) Daudzfaktoru (multivariate)
Dzimums 1,9532 0,97-3,92 0,0610 2,4601 1,13-5,31 0,0226
ECOG 0-1 vai 2-3 2,2687 1,48-3,47 0,0002 2,1437 1,35-3,41 0,0014

Lokalizéta vai izplatita stadija 1,8618 1,21-2,86 0,0049 1,5840 0,97-2,58 0,0651

Vecums zem vai virs 60 g. v. 1,2080 0,80-1,82 0,3665 0,9920 0,64-1,53 09713

Laiks I1dz terapijai zem vai virs 4

1= 0,8552 0,51-1,45 10,5610 0,6395 0,37-1,10 0,1055
nedélam

Labas vai kreisas plausas vézis 0,9275 0,62-1,38 0,7108 1,0631 0,68—-1,66 0,7886

RA —riska attieciba; 95 % Tl — 95 % ticamibas intervals
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3.2. Hedgehog signalcela asociéto génu ekspresija ka sik§unu plausu véza

prognostiskais faktors

12 pirmreiz&jiem III/IV stadijas sik§tnu plausu véza pacientiem ar kvalitativu
pirmsterapijas pétijuma biopsijas paraugu un izvertejamiem kliniskiem datiem tika aprékinata
vid&ja kopgja dzivildze (OS) — 9,6 ménesi, péc kuras talak pacientus iedalija isas dzivildzes

un garas dzivildzes grupas. Abu grupu pacientu demografiskie un kliniskie dati ir paraditi

3.21. tabula. Statistiski ticamas atskiribas starp grupam nebija ne p&c viena no analiz&tajiem

demografiskajiem vai kliniskajiem parametriem. Dzivildzes un sanemtas terapijas dati ir

paraditi 3.22. tabula.

3.21. tabula. Demografiskie un kliniskie dati 12 pacientiem, kam analizéja dzivildzi
un Hedgehog signalcela asociéto genu ekspresiju. Veicot grupu salidzinoSo analizi,
izmantoja Stjlidenta (t-testu) vai hi kvadrata (x2) testu atkariba no mainigo vértibu

tipa.
Pacientu parametrs Garas dzivildzes grupa Isas dzivildzes grupa p-vértiba
(OS >9,6 ménesi, n=6) (OS £9,6 ménesi, n=6)
Dzimums p=1,0
Viriesi 5 5)
Sievietes 1 1
Vecums p=0,078
Vidgjais (robezas) 61,5 (54-77) 51,5 (49-70)
Visparejais stavoklis pec p=0,446
ECOG skalas
0 1 1
1 0 2
2 4 2
3 1 1
4 0 0
Stadija p=0,565
A 1 0
B 2 2
v 3 4
ArsteSanas devu/intervalu p=0,079
novirzes toksicitates del
Nav 2 3)
Ir 4 1
Labaka atbildes reakcija uz p=0,301
sanemto terapiju
CR 0 0
PR 6 4
SD 0 1
PD 0 1
Slimibas progresijas veids p=0,601
Lokala 2 1
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Attala 2 3
Kombinéta 1 2
Nav progreséjusi (uz 1 0
01.10.2018)

CR - complete response (pilna remisija); PR - partial response (dal€ja remisija); SD - stable
disease (stabila slimiba); PD - progressive disease (slimibas progresija); OS - overall survival
(kopeja dzivildze)

3.22. tabula. Dzivildzes un sanemtas terapijas dati 12 pacientiem, kam analizéja
dzivildzi un Hedgehog signalcela asociéto genu ekspresiju.

. Dzivildze Dzivildze
Pacienta - . = .
ID Nr. menesos meénesos Sanemta terapija
(dienas) (dienas)
LC145 4 (140) 4 CE
LC137 6 (191) 6 PE - RT (57,6/50,4/45 Gy)
LC146 8 (250) 4 PE > 3 CAV
LC102 8 (252) 5PE
LC171 8 (267) 1PE > 5CAV
LC135 8 (269) 4 PE - RT (54/50,4 Gy) - 37,5 Gy WBRT
LC130 10 (305) 5PE - 3CAV
LC127 10 (318) 5 PE - 30 Gy WBRT
LC134 12 (383) 5 PE - RT (54/54/45 Gy) - 36 Gy WBRT
LC139 13 (396) 6 PE = RT (54/50,4 Gy)-> PCI (30 Gy)
LC121 15 (462) 6 CE - RT (54/50,4/50,4 Gy) - PCI (36 Gy) - 1 CAV
LC126 Uz 3121((2)42%91)8 5 PE - RT (56/50,4 Gy) - PCI (36 Gy)

CE — Karboplatins/Etopozids; PE — Cisplatins/Etopozids; RT — radiation therapy (staru

terapija); CAV — Ciklofosfamids/(doksorubicins)Adriamicins/Vinkristins; WBRT - whole brain
radiation therapy (visu galvas smadzenu apstaroSana); PCl — prophylactic cranial irradiation
(profilaktiska galvas apstarosana)

mRNS ekspresijas limena vidg€jas vertibas katram Shh signalcela asociétajam génam
(Gli1, SMO, SUFU, PTCH1, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twistl) salidzinaja
isas dzivildzes un garas dzivildzes grupu pacientu pirmsterapijas pétijuma audzgja biopsiju
paraugos.

Hedgehog signalcela galvena mérka géna un signalcela aktivitates markiera Glil
vidgja ekspresija 6 sikstnu plausu véza pacientiem garas dzivildzes grupa (OS > 9,6 ménesi)
bija 0,000141757 + 0,000038223. Isas dzivildzes grupas (OS < 9,6 ménesi) 6 pacientiem
pirmsterapijas Glil mRNS vidgja ekspresija attiecigi bija 0,000060198 + 0,000016324.
Statistiski ticami augstakas Glil ekspresijas vidgjas vertibas tika konstatétas garas dzivildzes
sik§tinu plausu véza pacientiem pirmsterapijas biopsijas paraugos, salidzinot ar isas
dzivildzes grupu (p = 0,0196, 95% CI: 0,000016 lidz 0,000147) (3.23. tabula, 3.201. attéls).
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3.23. tabula. Hedgehog signalcela saistito génu videjas ekspresijas salidzinajums

isas dzivildzes (OS < 9,6 ménesi) un garas dzivildzes (OS > 9,6 ménesi) grupu

pacientu pirmsterapijas pétijuma audzéja biopsiju paraugos

~ Ekspresijas Iimena vidgjas vertibas 12 SSPV pacientu pirmsterapijas Starpibas
Gens s el o = - . m e
biopsijas, atkariba no dzivildzes grupas novertéjums
Lielaka
Isas dzivildzes grupa Garas dzivildzes grupa ekspr_e sla
(OS < 9,6 menei) (OS > 9,6 menesi) garas dzivildzes
grupa
(reizu skaits)
Vidgja vertiba un 95% TI Vidéja vertiba un 95% TI
N-MYC | 0,016264 | -0,007006 lidz 0,060377 | 0,042949 | -0,003721 lidz 0,057092 | 2,6 (p =0,1)
Glil 0,000060 | 0,000016 Iidz 0,000147 | 0,000142 | 0,000016 Iidz 0,000147 | 2,3 (p =0,0196)
Twistl | 0,003897 | -0,001798 Iidz 0,006485 | 0,006241 | -0,001770 lidz 0,006458 | 1,6 (p =0,233)
ZEB2 0,019992 | -0,009917 lidz 0,034784 | 0,032425 | -0,009893 lidz 0,034760 | 1,6 (p =0,243)
HHIP1 | 0,000619 | -0,000696 lidz 0,000741 | 0,000642 | -0,000691 lidz 0,000736 | 1,04 (p =0,946)
ZEB1 0,008411 | -0,007233 lidz 0,007438 | 0,008514 | -0,006344 lidz 0,006550 | 1,01 (p =0,972)
Lielaka
ekspresija isas
dzivildzes
grupa
(reizu skaits)
Vidgja vertiba un 95% TI Vidgja vertiba un 95% TI
Smo 0,031924 | -0,062936 lidz 0,018025 | 0,009469 | -0,058077 lidz 0,013166 | 3,37 (p =0,190)
PTCH1 | 0,074138 | -0,127133 Iidz 0,029657 | 0,0254 -0,118672 lidz 0,021196 | 2,9 (p =0,152)
BCL2 | 0,063502 |-0,088504 lidz 0,015920 | 0,027210 | -0,084603 lidz 0,012019 | 2,3 (p =0,142)
SUFU | 0,008958 | -0,007238 lidz 0,002349 | 0,006513 | -0,007118 Iidz 0,002229 | 1,3 (p =0,271)
BMI1 0,099527 | -0,070536 lidz 0,058079 | 0,093298 | -0,067628 lidz 0,055171 | 1,06 (p =0,826)

0S - overall survival (kopéja dzivildze); SSPV - Sikélinu plaudu vézis; 95% Tl - 95% ticamibas
intervals; Glil- Glioma-Associated Oncogene Homolog 1; PTCH1 - Protein Patched Homolog
1; HHIP1 - Hedgehog Interacting Protein; N-MYC - Class E basic helix-loop-helix protein 37;
Smo — Smoothened; ZEB1, ZEB2 - Zinc Finger E-Box Binding Homeobox 1 and 2; Twist1 - Class
A Basic Helix-Loop-Helix Protein 38; BCL2 - B-Cell Lymphoma 2 Apoptosis Regulator; SUFU -
Suppressor Of Fused Homolog; BMI1 - BMI1 Proto-Oncogene
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Tsas dzivildzes grupa Garas dzivildzes grupa
0S - kopéja dzivildze 0S £9,6 ménesi 0S >9,6 ménesi

LC145 0,000029349 £ 0,000007678 LC130 0,000195451 +0,000043416
LC137 0,000091706 +0,000055107 LC127 0,000179067 + 0,000118971
LC146 0,000151824 £ 0,000000007 LC134 0,000169819 = 0,000023397
LC102 0,000007320 + 0,000000880 LC139 0,000113689 =+ 0,000000022
LC171 0,000034052 +0,000021570 LCI121 0,000127038 + 0,000004607
LC135 0,000046939 +0,000012702 LC126 0,000065476 + 0,000038924

Abpuséjs neatkarigo paraugkopu t-tests: p = 0,0196, 95% TI: 0,000016 lidz 0,000147

3.201. attéls. Glil mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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3.202. attéls. PTCH1 mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas

LC145
LC137
LCl46
LC102
LC171
LCI135

Tsas dzivildzes grupa
0S £9,6 ménesi

0,094446416
0,026907990
0,215460534
0,011369743
0,039283761
0,057361258

+0,014295292
+ 0,000606608
+0
+0,000072447
+0,002309179
+0,005418027

Abpuséjs neatkarigo paraugkopu t-tests

Garas dzivildzes grupa
0S >9,6 ménesi

LCI30 0,016683847
LCI27 0,055043689
LC134 0,031099850
LC139 0,015922051
LCI21 0,028625988
LCI26 0,005026025

:p=0,1515, 95% TI: -0,118672 lidz 0,021196

*+0,001811774
+0,011726647
+0,001021085
* 0,004059963
+0,001206266
+0,001319678

Parg&jo Hedgehog signalcela asociéto génu (SMO, SUFU, PTCH1, HHIP, BCL2,

BMI1, ZEB1, ZEB2, N-MYC, Twistl) ekspresijas limenis Tsas dzivildzes un garas dzivildzes
grupu pacientu pirmsterapijas p&tijuma audzgja biopsiju paraugos statistiski ticami neatSkiras

(3.202 — 3.211. atteli).

54




120000000
*
100000000
a
c
(T}
é 080000000
Q
=
w
] 060000000
I
.o
©
E 040000000
5 !
2
020000000 =
000000000 T |
Tsas dzivildzes grupa Garas dzivildzes grupa
0S - kopéja dzivildze 0S £9,6 ménesi 0S >9,6 ménesi

LC145 0,020202431 +0,000594036 LCI130 0,007277405 +0,000836368
LC137 0,109027230 +0,004914628 LCI127 0,003468303 +0,001272382
LC146 0,026588872 +(,012033562 LC134 0,008083198 +0,002022772
LC102 0,003148869 +0,000487283 LC139 0,006562945 +0,000747863
LC171 0,011730179 +0,000758379 LCI21 0,021589397 +0,001195098
LC135 0,020848733 +0,002213249 LCI126 0,009831779 +0,001297305

Abpuséjs neatkarigo paraugkopu t-tests: p = 0,1904, 95% TI: -0,058077 lidz 0,013166

3.203. attéls. SMO mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
0S - kopéja dzivildze 0S £9,6 ménesi 0S >9,6 ménesi

LC145 0,015297724 +0,002426543 LCI130 0,008707436 + 0,000669377
LC137 0,011631138 +0,000490123 LCI27 0,009062734 + 0,000004448
LC146 0,006217903 +0,002974407 LCI134 0,007288810 + 0,000876702
LC102 0,004944124 +0,000329323 LCI139 0,003020828 + 0,000414737
LC171 0,011058726 +0,000016262 LCI121 0,007889118 + 0,002049026
LC135 0,004595684 +0,000002256 LCI126 0,003109543 + 0,000048768

Abpuséjs neatkarigo paraugkopu t-tests: p = 0,2709, 95% TI: -0,007118 lidz 0,002229

3.204. attéls. SUFU mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas

56



002000000
8-
c 001500000
[
E
&
o
b
] 001000000
v
N
©
£
A
o
2

000500000

000000000 T T

Tsas dzivildzes grupa Garas dzivildzes grupa
0S - kopéja dzivildze 0S £9,6 ménesi 0S >9,6 ménesi

LC145 0,000474389 +0,000243650 LCI130 0,000103753 + 0,000071984
LCI37 0,000321201 +0,000126017 LCI127 0,000299629 + 0,000093874
LC146 0,000344487 +0,000254198 LC134 0,000495428 =+ 0,000039538
LC102 0,000189494 + 0,000084006 LC139 0,001679003 +0,001370917
LC171 0,001490653 +0,000204656 LC121 0,000206701 +0

LC135 0,000895249 +0,000137672 LC126 0,001065406 + 0,000063669

Abpuséjs neatkarigo paraugkopu t-tests: p = 0,9456, 95% TI: -0,000691 lidz 0,000736

3.205. attéls. HHIP mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
0S - kopéja dzivildze 0S £9,6 ménesi 0S >9,6 ménesi

LC145 0,149015458 +0,00533069 LCI30 0,021056912 +0,00256346
LC137 0,096306496 +0,00099123 LCI27 0,028770795 +0,00315240
LC146 0,027607673 +0,00204138 LCI134 0,041215697 +0,00371196
LC102 0,050560663 +0,00821572 LCI39 0,055592532  +0,00544076
LC171 0,023693231 +0,00778662 LCI21 0,012649696 + 0,00086113
LC135 0,033829133 +0,00145866 LCl126 0,003974099  + 0,00239286

Abpuséjs neatkarigo paraugkopu t-tests: p = 0,1251, 95% TI: -0,084603 lidz 0,012019

3.206. attéls. BCL2 mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
0S - kopéja dzivildze 0S £9,6 ménesi 0S >9,6 ménesi

LC145 (,128991475 +0,004740666 LC130 0,108642625 =+ 0,042279440
LC137 0,205574735 +0,004936653 LCI127 0,110186426 +0,015662472
LCI146 0,084690401 +0,033456332 LC134 0,094214428 +0,006828276
LC102 0,051651239 +0,002833931 LCI139 0,133050930 =+ 0,010358272
LCI71 0,081953123 +0,015412849 LCI21 0,052591530 = 0,005608601
LC135 0,044300493 +0,005673193 LCI26 0,061104768 =+ 0,006069655

Abpuséjs neatkarigo paraugkopu t-tests: p = 0,8257, 95% TI: -0,067628 lidz 0,055171

3.207. attéls. BMI1 mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
0S - kopéja dzivildze 0S £9,6 ménesi 0S >9,6 ménesi

LC145 0,021975427 +0,001270246 LCI30 0007008366 + 0,000446246
LCI37 0,007124981 #0,000394416 LCI27 0,008354126 + 0,000090085
LC146 0,003317516 #0,001395528 LCI134 0,007542413 + 0,001090416
LC102 0,002738933 +0,00030544 LCI139 0,00921585 + 0,000766996
LC171 0,008045885 # 0,000807064 LCI21 0,009901585 =+ 0,000111612
LCI35 0,007264916 +0,000412821 LC126 0,009062804 + 0,000993005

Abpuséjs neatkarigo paraugkopu t-tests: p = 0,9723, 95% TI: -0,006344 lidz 0,006550

3.208. attéls. ZEBI mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
0S - kopéja dzivildze 0S £9,6 ménesi 0S >9,6 ménesi

LC145 0,051335485 +0,003595073 LCI130 0,069094371 = 0,007604267
LC137 0,019914897 +0,002666470 LCI127 0,027204291 + 0,001292875
LCI146 0017788421 +0,002890481 LC134 0,022334607 =+ 0,000602007
LC102 0,005326964 + 0,000935079 LC139 0,022266543 +0,002092295
LCI71 0,007068401 +0,001872659 LCI21 0,027562301 =+ 0,000148595
LC135 0,018516217 +0,000644228 LCI126 0,026089435 +0,003150740

Abpuséjs neatkarigo paraugkopu t-tests: p = 0,2430, 95% TI: -0,009893 lidz 0,034760

3.209. attéls. ZEB2 mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
0S - kopéja dzivildze 0S £9,6 ménesi 0S >9,6 ménesi

LC145 0,015453741 +0,001082255 LCI30 0,079077140 +0,014109806
LC137 0,008780047 +0,000644921 LCI27 0,015833139 + 0,000907460
LC146 0,033658941 +0,003376282 LCI134 0,069479458 + 0,000953475
LC102 0,017156808 +0,00559071 LCI39 0,012540391 + 0,000908876
LC171 0,011012830 +0,000010800 LCI121 0,013047139 +0,001423201
LC135 0,011520686 +0,00071102 LCI126 0,067718906 + 0,026537455

Abpuséjs neatkarigo paraugkopu t-tests: p = 0,0790, 95% TI: -0,003721 lidz 0,057092

3.210. attéls. N-MYC mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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Tsas dzivildzes grupa Garas dzivildzes grupa
0S - kopéja dzivildze 0S £9,6 ménesi 0S >9,6 ménesi

LC145 0,008695354 +0,000166200 LCI30 0,012744288 +0,000724193
LC137 0,002923860 +0,000047291 LCI127 0,002267573 + 0,000406793
LC146 0,005752802 + 0,000739508 LC134 0,004203714 +0,000187434
LC102 0,000992411 +0,000071926 LC139 0,006304072 =+ 0,000788918
LCI71 0,002760105 +0,000327957 LCI121 0,005806505 =+ 0,001617827
LC135 0,002256888 + 0,000027653 LCI126 0,006118291 +0,001221279

Abpuséjs neatkarigo paraugkopu t-tests: p = 0,2330, 95% TI: -0,001770 Iidz 0,006458

3.211. attéls. Twist1 mRNS vértibas SSPV pacientiem atkariba no dzivildzes grupas
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3.3. Hedgehog signalcela saistito génu ekspresijas salidzinajums para biopsijas
pirms terapijas un recidiva laika

Hedgehog signalcela saistito génu ekspresija tika salidzinata para biopsijas HI/1V
stadijas sik§tnu plausu véZa pétijuma pacientu nelielai apaksgrupai (3 slimniekiem) ar
kvalitativiem pirmsterapijas un recidivéjosa audz&ja pétijuma biopsijas paraugiem. Sis
apaksgrupas pacientu demografiskie, kliniskie un dzivildzes dati ir paraditi 3.31. tabula
salidzinajuma ar to petijuma pacientu datiem, kam netika veikta saparota génu ekspresijas
analize. Apak$grupa bija nelidzvértiga péc pacientu visparéja stavokla parametriem. Netika
novérotas statistiski ticamas atSkiribas péc pacientu dzimuma, vecuma, slimibas stadijas,
sanemtas specifiskas terapijas, radiologiskos izmekl&jumos apstiprinatas labakas atbildes
reakcijas uz sanemto terapiju, novirzém sanemtas kimijterapijas devas un intervalos, slimibas
progresijas veida un dzivildzes datiem.

mRNS Itmeni katram Shh signalcela saistitajam génam (Glil, SMO, SUFU, PTCH1,
HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twistl) salidzinaja viena un ta pasa pacienta
pirmsterapijas (Pre) un recidivéjosa (Rel) pétijuma audz&ja biopsiju paraugos, izmantojot
divu saparotu paraugkopu t-testu. Katra Shh signalcela saistita géna ekspresijas Iimena
vidgjas veértibas ari salidzinaja visos pirmsterapijas un recidivéjosos paraugos, aprékinot 95%
ticamibas intervalu.

Viena un ta pasa pacienta pirmsterapijas un recidivéjosa audzg&ja biopsiju paraugos
Hedgehog signalcela aktivitates galvena markiera Glil limenis bija zemaks pie recidiva, kaut
starpiba nav sasniegusi statistiski nozimigu vértibu (p = 0,0529, 95% CI: —0,0002023 Iidz
0,000003115, abpusgjs divu saparotu paraugkopu t-tests).

2.9 reizes zemaka Glil ekspresija tika novérota pie recidiva, izvértgjot videjas
vertibas Visos pirmsterapijas un recidivéjosos paraugos (3.301. attéls, 3.32. tabula).
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3.31. tabula. Demografiskie un kliniskie dati 3 sikSiinu plausu véza pacientu
apaksgrupai, kam veica Hedgehog signalcela saistito genu ekspresijas salidzinajumu
pirmsterapijas un recidivéjosa audzéja para biopsijas. Veicot salidzinoSo analizi ar
pacientiem, kam netika veikta saparota génu ekspresijas analize, izmantoja
Stjudenta (t-testu) vai hi kvadrata (x2) testu atkariba no mainigo vértibu tipa.

Pacientu parametrs Saparota génu Saparota génu p-vertiba
ekspresijas analizé | ekspresijas analizé
ieklautie pacienti | neieklautie pacienti
(n=3) (n=17)
Dzimums Viriesi 3 13
Sievietes 0 4 p=0,348
Vecums Vidgjais (robezas) 60 (49-77) 56,9 (47-70) p=0,759
Visparejais stavoklis péc ECOG skalas p=0,048
0 2 1
1 0 7
2 1 7
3 0 2
Stadija p=0,822
A 0 2
I B 1 5
[\ 2 10
ArsteSanas devu/intervalu novirzes p=0,212
toksicitates del
Nav 1 12
Ir 2 5
Sanemta terapija p=0,948
Tikai kimijterapija 1 6
Kimijterapija un staru terapija 2 11
Labaka atbildes reakcija uz terapiju p=0,093
CR 0 2
PR 2 13
SD 0 2
PD 1 0
Slimibas progresijas veids p=0,075
Lokala 1 4
Attala 0 8
Kombinéta 2 1
NK 0 2
Nav progreséjusi (uz 01.10.2018) 0 2
Dzivildze Vidéja PFS (ménesi) 6,7 25,8 p=0,469
Vidgja OS (ménesi) 11 28,2 p=0,506

CR - complete response (pilna remisija); PR - partial response (daléja remisija); SD -
stable disease (stabila slimiba); PD - progressive disease (slimibas progresija); NK - not
known (nav zinams); PFS - progression-free survival (bezprogresijas dzivildze); OS -

overall survival (kopéja dzivildze)
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3.32. tabula. Hedgehog signalcela saistito génu videjas ekspresijas salidzinajums
visu 3 pacientu pirmsterapijas un recidivéjosas slimibas paraugos

_ Ekspresijas Iimena vidgjas vertibas 3 SSPV pacientu pirmsterapijas (Pre) EkSpr?S” as
Géns Ay A A starpibas
un recidivéjosas (Rel) slimibas biopsijas s
novertejums
Ekspresijas
Pre | Vidgjas vertibas 95% TI Rel | Vidgjas vértibas 95% TI ngaz.‘“aj.‘!'_“s
el biopsijas
(reizu skaits)
Glil 0,000153 | 0,000088 lidz 0,0002173 | 0,000053 | -0,000004 lidz 0,0001101 2,9
PTCH1 | 0,09971 | -0,1515 lidz 0,3509 0,03881 | 0,01099 lidz 0,06664 2,6
HHIP1 | 0,000284 | 0,000109 lidz 0,0004582 | 0,000130 | -0,0001989 lidz 0,0004598 2,2
N-MYC | 0,02085 | -0,006934 lidz 0,04863 0,01094 | -0,001096 lidz 0,02297 1,9
Smo 0,01722 | -0,0130 lidz 0,04744 0,009398 | -0,01974 1idz 0,03854 1.8
ZEB2 |0,02419 | 0,01042 Iidz 0,03795 0,01354 | 0,004276 lidz 0,0228 1,8
Twistl | 0,004609 | -0,0004286 lidz 0,009646 | 0,003798 | -0,002644 lidz 0,01024 1,2
ZEB1 | 0,007191 | -0,001361 Iidz 0,01574 0,006662 | 0,004601 lidz 0,008722 1,1
Ekspresijas
Pre | Videjas vertibas 95% TI | Rel | Vidgjas vartibas 9596 T1 | D29
el biopsijas
(reizu skaits)
BCL2 | 0,02301 | 0,0006755 lidz 0,04534 0,02509 | -0,01966 lidz 0,06984 0,9
SUFU | 0,007723 | 0,004172 lidz 0,01127 0,009916 | 0,002686 lidz 0,01715 0,8
BMI1 | 0,08249 | 0,0108 lidz 0,1542 0,09763 | -0,02615 lidz 0,2214 0,8

SSPV - Siksiinu plausu vézis; 95% TI - 95% ticamibas intervals; Glil- Glioma-Associated
Oncogene Homolog 1; PTCH1 - Protein Patched Homolog 1; HHIP1 - Hedgehog Interacting
Protein; N-MYC - Class E basic helix-loop-helix protein 37; Smo — Smoothened; ZEB1,
ZEB?2 - Zinc Finger E-Box Binding Homeobox 1 and 2; Twistl - Class A Basic Helix-Loop-
Helix Protein 38; BCL2 - B-Cell Lymphoma 2 Apoptosis Regulator; SUFU - Suppressor Of
Fused Homolog; BMI1 - BMI1 Proto-Oncogene
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Gli1

0,00025
0,00020
0,00015
0,00010
0,00005
0,00000
-0,00005

Pre Rel

LC121 0,000127038 + 0,000004607 LC121R 0,000075173 = 0,000032693
LC127 0,000179067 + 0,000118971 LC127R 0,000054643 + 0,000005748
LC146 0,000151824 + 0,000000007 LC146R 0,000029327 + 0,000013569

Normalizéts géna ekspresijas limenis

Abpuségjs divu saparotu paraugkopu t-tests:
p = 0,0529, 95% TI: -0,0002023 hdz 0,000003115

3.301. attéls. G/i1 mRNS veértibas pirmsterapijas (Pre) un recidivéjosa (Rel) sikSiinu
plausu véza para biopsiju paraugos (savienotas ar linijam); stabini atspogulo visu
pacientu mRNS vidéjas véertibas

Samazinats Hedgehog signalcela 6 saistito génu (PTCH1, HHIP, N-MYC, ZEB2,
Twistl un ZEB1) ekspresijas limenis tika novérots recidiva laika. Salidzinot ar pirmsterapijas
paraugu, para biopsijas $o génu ekspresija attiecigi bija 2,6; 2,2; 1,9; 1,8; 1,2 un 1,1 reizes
zemaka Rel parauga bez statistiski nozimigas starpibas (attiecigi p = 0,4252, p = 0,1268, p =
0,2480, p = 0,1169, p = 0,1480 un p = 0,7595) (3.302.-3.307 atteli, 3.32. tabula).
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PTHC1

0,4
03|
02|
01|
0,0 |
01|
021

Pre Rel

LC121 0,028625988 + 0,001206266 LC121R 0,032651666 = 0,003275214
LC127 0,055043689 + 0,011726647 LC127R 0,051743079 + 0,003699516
LC146 0,215460534 =0 LC146R 0,032049930 + 0,000926679

Normalizéts géna ekspresijas limenis

Abpuségjs divu saparotu paraugkopu t-tests:
p =0,4252, 95% TI: -0,3246 Ndz 0,2028

3.302. attéls. PTCH1 mRNS veértibas pirmsterapijas (Pre) un recidivéjosa (Rel)
sikstinu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidéjas vertibas
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HHIP

0,0005
0,0004 |
0,0003 |
0,0002 |
0,0001 |
0,0000 |
-0,0001 |
-0,0002 |

Pre Rel

LC121 0,000206701 =0 LC121R 0,000078777 + 0,000012038
LC127 0,000299629 + 0,000093874 LC127R 0,000031499 + 0
LC146 0,000344487 + 0,000254198 LC146R 0,000281103 + 0,000112063

Normalizéts géna ekspresijas limenis

Abpuségjs divu saparotu paraugkopu t-tests:
p =0,1268, 95% TI: -0,0004132 idz 0,0001069

3.303. attéls. HHIP mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel) sikSiinu
plausu véZa para biopsiju paraugos (savienotas ar linijam); stabini atspogulo visu
pacientu mRNS vidéjas vertibas
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N-MYC

0.05F —
0,04 |
0,03}
0,02 |
0,01}
0,00 |
0011

Pre Rel

LC121 0,013047139 £ 0,001423201 LC121R 0,014048834 = 0,002235250
LC127 0,015833139 + 0,000907460 LC127R 0,005356463 + 0,001633191
LC146 0,033658941 + 0,003376282 LC146R 0,013409648 + 0,000354864

Normalizéts géna ekspresijas limenis

Abpuségjs divu saparotu paraugkopu t-tests:
p = 0,2480, 95% TI: -0,03633 Iidz 0,01652

3.304. attéls. N-MYC mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel)
sikstinu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidéjas vértibas
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ZEB2

0,040
0,035
0,030
0,025
0,020
0,015
0,010
0,005
0,000

Pre Rel

LC121 0,027562301 + 0,000148595 LC121R 0,016998815 = 0,001389826
LC127 0,027204291 + 0,001292875 LC127R 0,009589461 + 0,000023505
LC146 0,017788421 + 0,002890481 LC146R 0,014028500 + 0,003650249

Normalizéts géna ekspresijas limenis

Abpuségjs divu saparotu paraugkopu t-tests:
p=0,1169, 95% TI: -0,02786 Ndz 0,006564

3.305. attéls. ZEB2 mRNS veértibas pirmsterapijas (Pre) un recidivéjosa (Rel) sikstinu
plausu véza para biopsiju paraugos (savienotas ar linijam); stabini atspogulo visu
pacientu mRNS vidéjas vertibas
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Twist?

0,012
0,010 | T
0,008 |
0,006 |
0,004 |
0,002 |
0,000 |
-0,002 |
-0,004 |

Pre Rel

LC121 0,005806505 + 0,001617827 LC121R 0,005579031 = 0,000303374
LC127 0,002267573 + 0,000406793 LC127R 0,000822888 + 0,000024599
LC146 0,005752802 + 0,000739508 LC146R 0,004992653 + 0,000481317

Normalizéts géna ekspresijas limenis

Abpuségjs divu saparotu paraugkopu t-tests:
p = 0,1480, 95% TI: -0,002327 hdz 0,000705

3.306. attéls. Twist1 mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel)
sikstinu plausu véza para biopsiju paraugos (savienotas ar linijam); stabini
atspogulo visu pacientu mRNS vidéjas vértibas
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ZEB1

0,016
0,014
0,012
0,010

0,008 |
0,006
0,004
0,002
0,000
0,002 |

Pre Rel

LC121 0,009901585 + 0,000111612 LC121R 0,007368567 = 0,000375439
LC127 0,008354126 + 0,000090085 LC127R 0,006868277 + 0,000006735
LC146 0,003317516 + 0,001395528 LC146R 0,005748559 + 0,000152126

Normalizéts géna ekspresijas limenis

Abpuségjs divu saparotu paraugkopu t-tests:
p = 0,7595, 95% TI: -0,007029 hdz 0,005971

3.307. attéls. ZEB1 mRNS veértibas pirmsterapijas (Pre) un recidivéjosa (Rel) sikstinu
plausu véza para biopsiju paraugos (savienotas ar linijam); stabini atspogulo visu
pacientu mRNS vidéjas vertibas

1,8 reizes zemaka ekspresija tika noverota recidivgjosas slimibas biopsijas parauga
Gli aktivatoram SMO bez statistiski nozimigas starpibas (p = 0,4111) (3.308. attéls, 3.32.
tabula).
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SMO

0,05
0,04 |
0,03 |
0,02}
001}
0,00}
0,01}
0,02

Pre

LC121 0,021589397 + 0,001195098
LC127 0,003468303 + 0,001272382
LC146 0,026588872 + 0,012033562

Normalizéts géna ekspresijas limenis

Rel
LC121R 0,022888842 + 0,000370183
LC127R 0,001595450 + 0,000608580
LC146R 0,003710934 + 0,000469816

Abpuségjs divu saparotu paraugkopu t-tests:
p=0,4111, 95% TI: -0,04046 Idz 0,02482

3.308. attéls. SMO mRNS veértibas pirmsterapijas (Pre) un recidivéjosa (Rel) stkSGnu
plausu véza para biopsiju paraugos (savienotas ar linijam); stabini atspogulo visu

pacientu mRNS vidéjas véertibas

Vienigi Hedgehog signalcela inhibitors SUFU un divi Shh inducgjamie géni — BCL2
un BMI1 uzradija attiecigi 0,8; 0,9 un 0,8 reizes augstaku ekspresiju Rel biopsijas parauga,
salidzinot ar pirmsterapijas stavokli. Pieaugums nebija statistiski ticams ar atbilstoSiem p =
0,3074, p=0,7921 un p = 0,3822 (3.309.-3.311 atteli, 3.32. tabula).
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SUFU

0,018
0,016
0,014 |
0,012

0,010
0,008 |
0,006

0,004
0,002 |
0,000

Pre Rel

LC121 0,007889118 + 0,002049026 LC121R 0,006861530 = 0,001811364
LC127 0,009062734 + 0,000004448 LC127R 0,012656821 + 0,000917315
LC146 0,006217903 + 0,002974407 LC146R 0,010228300 + 0,000551187

Normalizéts géna ekspresijas limenis

Abpuségjs divu saparotu paraugkopu t-tests:
p =0,3074, 95% TI: -0,004754 hdz 0,009139

3.309. attéls. SUFU mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel) siksiinu
plausu véza para biopsiju paraugos (savienotas ar linijam); stabini atspogulo visu
pacientu mRNS vidéjas vertibas
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BCL2
0,07 F —
0,06
0,05
0,04 |
0,03
0,02
0,01 |
0,00
0,01}
0,02

T

T

T

1

T

Pre Rel

LC121 0,012649696 + 0,000861131 LC121R 0,009112428 = 0,000513348
LC127 0,028770795 + 0,003152397 LC127R 0,044614275 + 0,003887383
LC146 0,027607673 + 0,002041380 LC146R 0,021542361 + 0,003469204

Normalizéts géna ekspresijas limenis

Abpuségjs divu saparotu paraugkopu t-tests:
p=0,7921, 95% TI: -0,02769 Idz 0,03186

3.310. attéls. BCL2 mRNS veértibas pirmsterapijas (Pre) un recidivéjosa (Rel) stkSGnu
plausu véza para biopsiju paraugos (savienotas ar linijam); stabini atspogulo visu
pacientu mRNS vidéjas vertibas
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BM/

0,25 F
0,20
0,15
0,10
0,05
0,00
-0,05 ¢

Pre Rel

LC121 0,052591530 + 0,005608601 LC121R 0,055294280 + 0,008503181
LC127 0,110186426 + 0,015662472 LC127R 0,152540848 + 0,002168053
LC146 0,084690401 + 0,033456332 LC146R 0,085049790 + 0,000958694

Normalizéts géna ekspresijas limenis

Abpuségjs divu saparotu paraugkopu t-tests:
p =0,3822, 95% TI: -0,04348 Iidz 0,07376

3.311. attéels. BMI mRNS vértibas pirmsterapijas (Pre) un recidivéjosa (Rel) sikstinu
plausu véza para biopsiju paraugos (savienotas ar linijam); stabini atspogulo visu
pacientu mRNS vidéjas vertibas
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4. DISKUSIJA

4.1. Klinisko prognostisko faktoru analize sik§tinu plausu véza pacientiem Paula
Stradina KUS Onkologijas klinika

Viens no promocijas darba uzdevumiem bija informacijas iegtiSana par Latvijas
sik§tinu plausu véza pacientu populacijas kliniskajiem parametriem un arstéSanas rezultatiem,
kas 1idz §im nekur nav bijis publicéts. Nemot véra SSPV augsto jutibu uz kimijterapiju un
bicZas slimibas remisijas péc pretvéza terapijas uzsaksSanas, prognostisko klinisko faktoru
noteikSana un izveértéSana ir ipasi svariga, lemjot par specifiskas terapijas ieguvumiem un
riskiem pirmreiz&jiem pacientiem. Loti saistosi biitu jau agrini spét identificét tos pacientus,
kam ir prognozejama ilga dzivildze - par ilgdzivotajiem tiek uzskatiti sikStnu plausu véza
pacienti, kas izdzivo ilgak par 2-3 gadiem (Tartarone et al., 2014, Lewinski and Zutawski,
2003). Pedgjos 40 gados literatiira var atrast lielu publikaciju skaitu par p&tijumiem, kas
analiz€ demografiskos, ar audzgju un pacientu saistitos kliniskos prognostiskos faktorus.
Tomér pagaidam nav izdevies definét vienotu prognostisku algoritmu vai nomogrammas
modeli, jo par vairakiem parametriem dati ir pretrunigi. Visvairak pieradijumu ir par slimibas
izplatibu un pacienta vispargjo stavokli (Albain et al., 1990, Hong et al., 2010). Aprakstiti ar
vairaki citi kliniskie un laboratoriskie faktori, kas p&tijumos uzradija negativu prognostisku
lomu - svara zudums, vecums zem 60 gadiem, virieSu dzimums, metastazes galvas
smadzenés un limfmezglos, pirmsterapijas limfopénija, augsta neitrofilo leikocttu/limfocttu
vai trombocitu/limfocTtu attieciba un augsts LDH (Suzuki et al., 2019, Brueckl et al., 2006).
Prognostiska nozime aprakstita arT blakus slimibu veidam un skaitam, kur kardiovaskularam
slimibam ir negativa, bet gastrointestinalam blakus slimibam — pozitiva ietekme (Aarts et al.,
2015). Interesanti ir novérojumi par labaku onkologisku prognozi SSPV pacientiem ar
paraneoplastiskiem neirologiskiem sindromiem (lams et al., 2019, Maddison et al., 2017).

Saja promocijas darba analizéto pacientu dati neatklaja dzivildzes korelaciju ar
slimnieku vecumu, laiku 11dz terapijas uzsakSanai un audzgja skartas plausas pusi. Analize
apstiprinaja sievieSu dzimumu un pacienta labu vispargjo stavokli ka neatkarigos
prognostiskos raditajus lielakai kop&jai dzivildzei. Interesanti, ka slimibas stadija netika
noteikta ka neatkarigais prognostiskais faktors un statistiski nozimiga bijusi tikai viena
faktora (univariate) Cox regresijas analizg.

lespgjamais izskaidrojums tam varétu biit, ka lokaliz&tas stadijas sik§tinu plausu véza
pétijuma pacientu dalai diagnozes bridi jau ir bijusas asimptomatiskas galvas smadzenu
metastazes un attiecigi izplatita slimibas stadija, jo petjjuma norises laika galvas smadzenu
datortomografijas vai MRI izmekl&jums péc ESMO vadliijam (Felip et al., 2005) vél nebija
indicéts pacientiem bez simptomiem. Ar $o iesp&jams neatklato izplatitas stadijas pacientu
apak$grupu varétu izskaidrot arT sliktakus vid€jas kopgjas dzivildzes rezultatus analiz&tajiem
pacientiem: 10,2 ménesi lokalizétai stadijai un 7,1 ménesis izplatitai stadijai. 5 gadu dzivildze
attiecigi bija 2,6% un 0%. Public&tajos literatliras datos galvenokart no kliniskiem
pétijumiem, kur atskiriba no realas dzives situacijas pacientiem pie ieklausanas pétijjuma
veica galvas smadzenu radiologisku izmekl&$anu, vidéja kopgja dzivildze un 5 gadu dzivildze
bija augstakas — attiecigi 16-24 m&nesi un 14% lokaliz&tai stadijai un 6-12 menesi izplatitai
stadijai ar praktiski neesosiem ilgdzivotajiem (Huber and Tufman, 2012).
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Galvas smadzenu metastazes sikStnu plauSu véZa izplatitas stadijas gadijuma ir
aptuveni treSdalai pacientu un ir sliktas prognozes faktors. Dalgji to nelabvéligo ietekmi var
neitraliz&t ar konsolidéjosas profilaktiskas galvas apstaroSanas (PCI) pielietoSanu, kas
ievérojami samazina simptomatisko galvas smadzenu metastazu risku un palielina kop€jo
dzivildzi lokaliz&ta SSPV tiem pacientiem, kuru slimiba labi noreaggjusi uz kombinétu staru-
kimijterapiju. Salidzinot ar literatiras datiem sliktakus dzivildzes rezultatus var tapec
izskaidrot arT ar nepietiekos$i biezu PCI pielietojumu $aja pétijuma icklautiem lokaliz&tas
stadijas pacientiem — to ir sanémusi tikai 9 no 44 pilno/dalgjo remisiju sasniegusajiem
pacientiem.

Vel viens faktors, kas var izskaidrot sliktakus dzivildzes raditajus §1 retrospektiva
pétijuma lokaliz&tas stadijas pacientiem, ir praktiski totala staru terapijas pielietoSana secigi
peEc pabeigtas kimijterapijas nevis kopa ar to. Tikai 1 pacients ir sanémis vienlaicigu staru-
kimijterapiju, kur sist€miska terapija potence staru terapijas lokalu pretveza efektu. Tas
izskaidrojams ar taja laika vél salidzinosi nenobriedusiem public&tajiem datiem par
vienlaicigas staru-kimijterapijas parakumu par secigu pieeju, ka art modernas staru terapijas
iekartas trakumu slimnica. Pateicoties tie$i progresam staru terapijas tehnologijas, ir izdevies
ievérojami uzlabot SSPV arstesanas rezultatus pedéjo 3 dekazu laika. Misdienigas
tehnologijas ar 3D konformalu vai intensitates modulétu apstaro$anu lauj pievadit lielaku
starojumu ar mazakam blakném un vienlaiciga staru-kimijterapija pasreiz lauj sasniegt 5 gadu
dzivildzi pat 1idz ~30% pacientu (Faivre-Finn et al., 2017). P&c moderna lineara paatrinataja
iegadasanas Paula Stradina KUS Onkologijas klinika 2010. gada vienlaicigu staru-
Kimijterapijas sanémuso plausu véza pacientu skaits ir strauji palielinajies. Japiebilst, ka
dzivildzes pagarinasana notiek uz paaugstinatas toksicitates rékina un pacientu atlasei un
atbalsta terapijai arste€Sanas laika ir izSkiro$a loma. Promocijas darba autors analizgjis 37
plausu v&za pacientu toksicitates un efektivitates datus, kas sanéma vienlaicigu staru-
Kimijterapiju Paula Stradina KUS Onkologijas klinika 2011.-2014. gados. Dati prezent&ti
2014. gada 6. Baltijas Onkologu kongresa.

Ka prognostisku faktoru pacientu dzivildzei promocijas darba izvertéja tikai
lokaliz&tu (bez attalam metastazém) vai izplatitu slimibas stadiju (ar attalam metastazém).
Lokalizets sikSiinu plausu veézis ir heterogena slimiba, kura ietilpst gan agrinas stadijas
slimiba ar izol€tu operablu plauSu mezglu bez metastazém videnes limfmezglos un attalos
organos (I-II stadija peéc TNM Kklasifikacijas), gan lokali izplatita slimiba ar inoperablu
primaru audz&ju vai metastazém videnes limfmezglos un bez metastazém attalos organos (III
stadija pec TNM Kklasifikacijas). Kaut I-II stadijas SSPV ir sastopams tikai aptuveni 15%
pacientu (Salem et al., 2019), viens no iesp&jamiem ierobeZzojumiem $aja darba ir lokaliz&tas
stadijas sikStinu plausu véza pacientu supgrupu analizes trilkums, vadoties pec TNM
klasifikacijas — respektivi I, IT un III stadijas ietekme uz dzivildzi. 3 p&tjjuma pacientiem
agrinas lokalizetas slimibas grupa tika veikta operativa terapija ar radikalu noluku — 1
pneimonektomija, 1 lobektomija un 1 plausu audzgja marginala rezekcija.
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4.2. Hedgehog signalcela asocieto geénu ekspresija ka sikSiinu plauSu véza
prognostiskais faktors

Planojot arstéSanas taktiku siks$tinu plausu véza pacientiem, papildus kliniskiem
prognostiskiem faktoriem buitu loti svarigi izvertét ar ar audz&ja molekularo biologiju
saistitos parametrus, kas var ietekmét slimibas gaitu un atbildes reakciju uz terapiju.
Pagaidam ikdienas praksé iesp&jams izmantot tikai neiroendokrino markieru (CD56,
sinaptofizins, hromogranins A) imiinhistokimisku izvérté$anu histologiskas izmekl&$anas
laika un atkariba no to klatbiitnes vai trikuma uz $iinu virsmas slimibu sagrupét “klasiskaja”
vai “variantaja” apaks$tipa. Variantais apakstips ir primari neuznémigs pret platina bazes
Kimijterapiju un staru terapiju ar attiecigi daudz sliktaku prognozi. 2019. gada Rudin et al.
pétnieku grupai molekularu pamatojumu §tm atskirigajam sikstnu plausu véza formam
izdevas atrast nevis konkrétu génu mutacijas, bet specifisko transkripcijas faktoru ASCL1
(achaete-scute homologue 1) un NeuroD1 (neurogenic differentiation factor 1) ekspresijas
at3kiribas. Klasiskajam SSPV veidam bija raksturiga augsta ASCL1 aktivitate, savukart
augsta NeuroD1 - variantajam. Izvertgjot ASCL1, NeuroD1 un v&l divu papildus svarigo
transkripcijas regulétaju YAPL (yes-associated protein 1) un POU2F3 (POU class 2
homeobox 3) preval&josu ekspresiju, pétnieki rekomendgja sik§tinu plausu vézi iedalit 4
molekularajos apakstipos - SCLC-A, SCLC-N, SCLC-Y and SCLC-P (Rudin et al., 2019).
Prognostiska nozime $§im molekularajam iedalijjumam pagaidam nav validéta, ir arT
piedavajumi molekularos apakstipus noteikt un grup&t nedaudz atskirigi, no citam pétnieku
komandam (Baine et al., 2020, Wooten et al., 2019, Simpson et al., 2020). Jebkura gadijuma
pasreiz ir iegiiti signali par dazadu atsl€gas transkripcijas regulétaju potencialu biomarkiera
lomu, kas nakotné varétu palidzét personalizét sik$tinu plauSu véza pacientu arstéSanu
atkariba no vinu audzgju apakstipa specifiskas ievainojamibas (Poirier et al., 2020,
Schwendenwein et al., 2021).

Saja promocijas darba autors salidzinaja Sonic Hedgehog signalcela galvena mérka
g€na un atsl€gas transkripcijas faktora Glil, ka arf citu ar to asociéto génu (SMO, SUFU,
PTCHL1, HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twistl) mRNS ekspresiju isas dzivildzes
(OS < 9,6 ménesi) un garas dzivildzes (OS > 9,6 ménesi) grupu ITI/IV stadiju SSPV pacientu
pirmsterapijas p&tijuma audzeja biopsiju paraugos. Statistiski ticami augstakas Glil
ekspresijas vid€jas vertibas tika konstatetas garas dzivildzes siks§tinu plausu véza pacientiem
pirmsterapijas biopsijas paraugos, salidzinot ar Tsas dzivildzes grupu (p = 0,0196, 95% CI:
0,000016 to 0,000147). Pargjo Hedgehog signalcela asociéto génu (SMO, SUFU, PTCH1,
HHIP, BCL2, BMI1, ZEB1, ZEB2, N-MYC, Twistl) ekspresijas Ilimenis Tsas dzivildzes un
garas dzivildzes grupu pacientu pirmsterapijas p&tijuma audzg&ja biopsiju paraugos statistiski
ticami neatskiras.

Glil prognostiska nozime ir aprakstita vairakos p&tjjumos un meta-analizes krits
vezim (Wang et al., 2017), kunga vézim (Jian-Hui et al., 2016), plausu adenokarcinomai un
plakanstnu plausu vézim (Berardi et al., 2014, Cui et al., 2017), hepatobiliariem audzgjiem,
dzemdes kakla vézim, rabdomiosarkomai, resnas zarnas v&zim, olnicu vézim, urinpusla
vezim, baribas vada vézim, plakan§tinu galvas un kakla vézim un aizkunga dziedzera vézim
(Cheng et al., 2016a). Paaugstinata Glil ekspresija $iinas vairak tika novérota audzgju
izplatitajas stadijas un bija saistita ar nelabvéligu prognozi. Vienigi intrakranialiem audz&jiem
Glil pozitivitate nekorelgja ar sliktaku dzivildzi. Tiesi otradi, pazeminatai Glil ekspresijai
glioblastomu $tnu kodolos bija negativa prognostiska nozime (Kim et al., 2017). Attieciba uz
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Glil prognostisko lomu plausu adenokarcinomas slimniekiem, ir p&tijums, kas uzradija
garaku dzivildzi pacientiem ar Glil pozitiviem audzgjiem (Kim et al., 2013). Pagaidam
literattira var atrast tikai vél vienu pétijumu, kas izverteja GLI1, PTCH1, SHH un SMO
proteinu ekspresijas prognostisko lomu sik§anu plausu vézim. Saja p&tijuma tika
imiinhistokimiski izmekl&ti 36 izplatitas stadijas SSPV pacientu formalina fiksétus parafina
iegulditus audz&ju biopsijas paraugi un datu korelécija ar pacientu dzivildzi. Paaugstinata
Glil, PTCH1, SHH un SMO ekspresija tika atrasta attiecigi 12 (33,3%), 5 (13,9%), 5 (13,9%)
un 6 (16,7%) paraugiem. Vienigi Sonic Hedgehog signalproteina SHH paaugstinata
ekspresija bija statistiski ticami saistita ar sliktakiem dzivildzes raditajiem (Lim et al., 2019).

Sikstinu plausu vézis ir specifiska malignitate ar dazam biezi noveérotam kritiskam
genétiskam un epigenétiskam izmainam, kas noved pie Hedgehog signalcela liganda-
neatkarigas aktivacijas un Glil paaugstinatas aktivitates. Glil parekspresija var biit izraisita
pieméram ar bi-allelisku TP53 géna inaktivaciju, kas tiek novérota praktiski visos SSPV
gadijumos (Mazza et al., 2013, George et al., 2015). V&l viena bieZi novérota Glil aktivaciju
izraisoSa molekulara novirze ir NOTCH signalcela inhibicija, pateicoties liganda-neatkariga
inhibitora DLK1 (Delta Like Non-Canonical Notch Ligand 1) augstai ekspresijai, kas tika
novérota 77% no 110 SSPV audz&ju paraugiem. 25% no $iem audz&ju paraugiem tika
noverotas arT inaktivéjosas NOTCH signalcela génu mutacijas (George et al., 2015).
Neiroendokriniem audz&jiem un ari sik§tinu plausu vézim ir raksturiga DLL3 (Delta-like
ligand 3) augsta ekspresija. DLL3 ir inhib&joSs NOTCH ligands, kas veicina
endosomalu/lizosomalu degradaciju gan aktivéjosiem NOTCH transmembranu receptoriem,
gan aktivéjoSam membranas ligandam DLL1 (Chapman et al., 2011, Serth et al., 2015).
NOTCH signali samazina Glil ekspresiju caur HES/HEY saimes proteiniem (Katoh and
Katoh, 2009b), pie samazinatas NOTCH aktivitates tapéc ir iesp&jama Glil funkciju
pastiprinasanas. Papildus petijumi pie NOTCH aktivacijas uzradija stnu cikla inhibiciju,
samazinatu audzgja augSanu un metastazu veidosanas potencialu, ka arT samazinatus Stinu
neiroendokrinos markierus. Kopuma tas demonstré NOTCH signalcela audz€ja supresora
ipasibas (Hassan et al., 2014). AKT endogéna inhibitora audzgja supresorgéna PTEN
(fosfatazes un tensina homologa) delécijas dél sikstinu plausu véza $tinas var notikt onkogéna
PISK/AKT/mTOR signalcela paraktivacija ar sekundari palielinatu liganda-neatkarigu Glil
ekspresiju (Pietrobono et al., 2019). PTEN inaktivéjoSas mutacijas aprakstitas 10-18%
stks$tinu plausu vézu paraugos (Yokomizo et al., 1998). Tomér biezak novéro citu
PISK/AKT/mTOR signalcela komponentu (PIK3CA, AKT2, AKT3, RICTOR, mTOR)
aktivEjoSas mutacijas vai amplifikacijas (Umemura et al., 2014, Ross et al., 2014).

S1 promocijas darba atradne ar augstaku Glil ekspresiju garas dzivildzes sikstinu
plausu véza pacientiem, iesp&jams, norada Uz zemaku mutaciju un epigenétisko novirzu slogu
un tadgjadi saglabatu sikstnu plausu vézim raksturigu augstu Glil aktivitati. Pieaugot
genétisko un epigenétisko bojajumu skaitam audzgja $tinas, sakotngji augsta Glil ekspresija
var samazinaties un attiecigi noradit uz agresivaku slimibas gaitu un pretvéza terapijas
rezistenci. P&tijums uzradija Sonic Hedgehog signalcela galvena mérka géna Glil
paaugstinatu ekspresiju ka iesp&jamo sikstinu plausu véza pozitivu prognostisko biomarkieri
atSkiriba no ta negativas prognostiskas nozimes citu audzgju gadijuma. legiito rezultatu
validéSanai ir nepiecieSama talaka izp€te, nemot véra mazu pacientu skaitu petjjuma.

Viens bitisks promocijas darba ierobezojums ir génu ekspresijas novert§jums mRNA,
nevis proteinu limeni. Kvantitativi mRNS dati ne vienmer atspogulo realo proteina ekspresiju
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loti 1sa mRNS pussabrukSanas perioda, ribosomu noslogojuma faktora, ka art iesp&jamas
péctranskripcijas regulacijas dé] (pieméram mikroRNS izraisitas translacijas nomaksanas vai
mRNS destabilizacijas dél) (Payne, 2015).

V&l viens no iesp&jamiem trikumiem $aja darba ir tikai lokali izplatitas (III stadija
pe€c TNM Kklasifikacijas) un izplatitas stadijas (IV stadija p&c TNM klasifikacijas - stk§tnu
plausu vézis ar metastazém attalos organos) pacientu icklausana analiz€. To var izskaidrot ar
ierobezotam fibrobronhoskopiskas audzgja biopsijas iesp&jam agrinas lokaliz&tas slimibas (I-
II stadija pec TNM klasifikacijas) pacientiem, kur parasti ta tiek iegiita operacijas cela.

AtSkiriga sanemta terapija garas un 1sas dzivildzes grupu pacientiem (3.22. tabula)
izskaidrojama ar labaku atbildes reakciju uz sanemto kimijterapiju garas dzivildzes grupa -
dal&ja remisija bija visiem 6 pacientiem, salidzinot ar 4 pacientiem Tsas dzivildzes grupa.
Lidz ar to vairak neka pusei pacientu vargja pielietot secigu Staru terapiju un pusei pacientu
ar1 konsolid&josu profilaktisku galvas apstarosanu (PCI).
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4.3. Hedgehog signalcela saistito génu ekspresijas salidzinajums para biopsijas
pirms terapijas un recidiva laika

Izskatot literatiiras datus, promocijas darba autors neatrada publikacijas par lidziga
dizaina p&tijumiem un $0 darba dalu tap&c var uzskatit par pirmo zinojumu, kas tiesi salidzina
Hedgehog signalcela komponentu un ar to saistito génu ekspresiju viena sikstinu plausu véza
pacienta para biopsijas pirms terapijas un pie slimibas recidiva. Prekliniska izpéte sik§tnu
plausu vézim balstas galvenokart uz eksperimentiem ar $tinu Iinijam un ksenograftiem, sakara
ar ierobezoti pieejamiem audz&ju paraugiem (Hamilton et al., 2012). In vitro modeli iegutie
dati ne vienmér atspogulo audzgja realo situaciju in vivo, jo $tnu liniju/ksenograftu
veidoSanas procesa no pacienta ieglitajam véza Sinam péd¢&jas var notikt neatgriezeniskas
geénu ekspresijas izmainas (Daniel et al., 2009). Attieciba uz Hedgehog signalcelu ir p&ttjumi,
kas uzradija ievérojami augstaku vidéjo Glil ekspresiju sik§tnu plausu véza biopsijas,
salidzinot ar §@inu linijas novéroto (Pedersen et al., 2003, Vestergaard et al., 2006). St
promocijas darba prieksrociba ir ta, ka Hedgehog signalcela génu mRNS ekspresija tika
izverteta audz&ju svaigas biopsijas (in vivo).

Recidivéjosas slimibas biopsijas parauga tika novérota 2,9 reizes zemaka Hedgehog
signalcela aktivitates galvena markiera Glil ekspresija, kaut starpiba nesasniedza statistiski
nozimigu vértibu (p = 0,0529).

Samazinats Hedgehog signalcela 6 saistito génu (PTCH1, HHIP, N-MYC, ZEB2,
Twistl un ZEB1) ekspresijas Iimenis tika novérots recidiva laika. Salidzinot ar pirmsterapijas
paraugu, para biopsijas $o génu ekspresija attiecigi bija 2,6; 2,2; 1,9; 1,8; 1,2 un 1,1 reizes
zemaka, ari statistiski nenozimiga (attiecigi p = 0,4252, p = 0,1268, p = 0,2480, p = 0,1169, p
=0,1480 un p = 0,7595), ka ar1 1,8 reizes zemaka ekspresija tika novérota recidivéjosas

slimibas biopsijas parauga Gli aktivatoram SMO bez statistiski nozimigas atskiribas (p =
0,4111).

Vienigi Hedgehog signalcela inhibitors SUFU un divi Shh induc&jamie géni — BCL2
un BMI1 uzradija attiecigi 0,8; 0,9 un 0,8 reizes augstaku ekspresiju Rel biopsijas parauga,
salidzinot ar pirmsterapijas stavokli. Pieaugums ar1 nebija statistiski ticams ar atbilstoSiem p
=0,3074, p=0,7921 un p = 0,3822.

Veéza cilmes Stinas var biit par pamatu laundabiga audzgja attistibai, atjaunoSanai un
rezistences ieglisanai. Daudzi pétnieki ir sasaistijusi izmainitu Hedgehog signalcela aktivitati
ar plausu normalo neiroendokrino cilmsiinu un atbilstosi siksiinu plauSu véza cilmsinu
funkcion&$anu un izdzivosanu, tadéjadi padarot to par potencialo terapeitisko merki. Tika
iegtiti daudzsolosi prekliniski dati, kas uzradija kanonisku Hedgehog signalcela inhibitoru un
Kimijterapijas sinergistisku efektu siksiinu plausu véza kimijrezistento $tinu subpopulacija.
Tomeér kliniskajos pétijumos ar SMO inhibitoru (Vismodegib, LDE-225, BMS-833923 un
LY2940680) pievienoSanu sik§tinu plausu véza pacientu arsté€Sana pozitivi rezultati netika
ieguti.

lesp&jamais izskaidrojums $adai neveiksmei varétu buit Hedgehog cela saistito
signalproteinu ne-kanoniska aktivacija. Ka pieméru liganda-neatkarigai Glil aktivacijai var
minét Glil géna parekspresiju, ko novéro TP53 deficita gadijuma. P&tijjuma ar cilveka
medulloblastomas $tinu Iinijam un Ptc-/- peles embrioniskiem fibroblastiem to ekspozicija
DNS bojajosiem citotoksiskiem medikamentiem sakuma induc&ja p53 ekspresiju, kas
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sekojosi veicingja Glil samazinasanos ta p53 atkarigas ubikvitiniz€Sanas un degradacijas
rezultata (Mazza et al., 2013). ST sakariba var biit izskiro$a sik§tinu plausu véza gadijuma, kur
bi-aleliska TP53 un RB1 génu inaktivacija tick novérota praktiski visiem pacientiem (George
et al., 2015). Liganda-neatkariga Hedgehog signalcela aktivacija var notikt ari aktivéjoso
mutaciju un amplifikaciju gadijuma citos signalcelos (RAS-RAF-MEK vai
PIBK/AKT/mTOR). Piem&ram, p&tijumos ar melanomas, prostatas véza un cilvéku gliomas
stnam H-RAS vai N-RAS vai AKT1 onkogénas mutacijas potencé Glil funkcijas, pastiprinot
ta transkripciju un parvietoSanu uz kodolu, ka art samazinot SUFU atkarigu degradaciju
(Stecca et al., 2007). Ari C-MYC ir onkoggns, kas var aktivét Glil neatkarigi no Hedgehog
signalcela ligandiem. Tas ir biezi parekspreséts gan sikStnu, gan ne-sik$tinu plausu véza
stnas (Wistuba et al., 2001). C-MYC tiesi piesaistas pie Glil promotera un aktive ta
transkripciju. C-MY C neitralizacija ar mazo molekulu inhibitoriem samazinaja Glil mRNS
daudzumu un izraisija apoptozi eksperimentos ar Bérkita limfomas $tnu linijam (Yoon et al.,
2013). NOTCH signalcela inhibicija ir vel viens biezi novérotais molekularais mehanisms
Glil aktivacijai sik§tinu plausu véZza $iinas.

Nemot véra multiplas iesp&jamas liganda-neatkarigas mijiedarbibas saistiba ar
Hedgehog signalcelu, zemaka Glil ekspresija recidivéjosas slimibas biopsijas parauga var
atspogulot talaku audzgja notikuso dazadu signalcelu un/vai epigenétisko procesu
deregulaciju. Saja gadijuma papildu genétisko/epigenétisko izmainu uzkrasanas audzgja
arstéSanas laika samazina sakotn€ji augstu Glil Itmeni, kas ir raksturigs sikstinu plausu vézim
un izskaidrojams ar dazam kritiskam molekularam novirzém, tadam ka biezi novérotais TP53
deficits vai samazinata NOTCH signalcela aktivitate.

S1 pétijuma sadalas iesp&jamais trukums ir primari rezistenta pacienta ieklausana
analiz€. Vienam pacientam siks§iinu plauSu vézis nav reaggjis uz pretvéza terapiju, kas varétu
liecinat par rezistenci asociétu molekularo novirzu klatbiitni jau pirmsterapijas parauga.

Sis promocijas darbs bija pirmais méginajums atrisinat viena siksiinu plausu véza
pacienta para biopsiju pieejamibas trikumu, lai varétu pétit izmainas véza $tinas pirms
terapijas un slimibas recidiva/progresijas gadijuma. Diemzel tikai 5 pacientiem no 20 bija
iesp&jams veikt pétijuma fibrobronhoskopiju progreséjosa audzgja parauga iegiSanai un tikai
trim no viniem izdevas iegiit kvalitativus abus paraugus. Galvenie iemesli $adam zemam
atkartotu biopsiju raditajam bija slimibas progresija arpus krasu kurvja un pacientu
atteikSanas no atkartotas invazivas procediiras. Problémas sagadaja ari fibrobronhoskopijas
cela iegiito audzgja biopsijas audu mazie izmeri un ievérojamas p&tijuma pacientu dalas
izslégsana no analizes, jo citologiski nebija apstiprinata véza $tinu klatbiitne parauga.

P&tijuma dati liecina par Hedgehog signalcela lielakas komponentu dalas aktivitates
samazinajumu recidivéjosa sik§inu plausu véza audos, kaut atskiriba nesasniedza statistiski
nozimigu vertibu. Tadgjadi Hedgehog signalcela aktivacija varétu nebiit universals
mehanisms sik$tinu plauSu véza recidivam un rezistences attistibai. Lai §aja petijuma iegiitos
rezultatus apstiprinatu un atrastu pielietojumu klinika, biitu nepieciesams lielaks pacientu
skaits. Ilgaks laika periods sikstinu plausu véza audu paraugu savaksanai vai papildu centru
icklauSana biopsiju savaks$anas programma varétu atrisinat $o problému.
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SECINAJUMI

1. Batiskakie kliniskie prognostiskie faktori, kas statistiski ticami uzlaboja dzivildzi, bija
pacientu sievieSu dzimums, labs vispargjais stavoklis un lokaliz&ta slimibas stadija.
ArsteSanas rezultati analizétajiem 100 sik$tnu plausu véza pacientiem bija sliktaki,
salidzinot ar publicétiem literatiiras datiem.

2. Statistiski ticami augstaka Sonic Hedgehog signalcela galvena mérka géna un atslégas
transkripcijas faktora Glil ekspresija tika konstatéta garas dzivildzes (OS > 9,6
ménesi) sikSiinu plausu véza pacientiem pirmsterapijas biopsijas paraugos, salidzinot
ar 1sas dzivildzes grupu.

3. Hedgehog signalcela komponentu un ar to saistito génu ekspresijas tieSs salidzinajums
viena sik§tinu plausu véza pacienta para biopsijas pirms terapijas un recidivéjosa
audzgja liecina par Hedgehog signalcela liclakas komponentu dalas aktivitates
samazinajumu recidivéjosa sikSiinu plausu véza audos, kaut starpiba nesasniedza
statistiski nozimigu vertibu. Tadejadi Hedgehog signalcela aktivacija varétu nebiit
universals mehanisms sikstinu plausu véza rezistences attistibai.
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PRAKTISKAS REKOMENDACIJAS

1. Planojot arsteSanas taktiku sikstinu plausu véza pacientiem, rekomend€ nemt vera
butiskakos kliniskos prognostiskos faktorus - pacienta dzimumu, vispargjo stavokli un
slimibas stadiju.
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PIELIKUMI

1. pielikums. Etikas komisijas atlauja




2. pielikums. Pacienta informacijas un piekriSanas veidlapa

Pacienta eksemplars

Informacija par pétijumu projektu

»Biobankas veidoSana laundabigo audzeju, pirmsvéza stavoklu, autoimiinu
slimibu un kontroles grupas pacientu paraugiem”

Cienijama kundze! Godatais kungs!

Mes uzaicinam Jus piedalities projekta ,,Biobankas veidoSana laundabigo audzéju,
pirmsvéza stavoklu, autoimiinu slimibu un kontroles grupas pacientu paraugiem”, un
velamies iepazistinat ar ta mérki un saturu. Ripigi izlasiet So informaciju pirms parakstat
piekriSanas dokumentu.

Jums nepiecieSamo arst€Sanu Jis sanemsiet neatkarigi no Jusu izvEles piedalities vai nepiedalities
petjjuma.

Projekta merkis:

Zinatnieki ir atklajusi, ka par audz€ju veidoSanos un metastazesanu ir atbildigas Tpasas véza Stnas, ko

sauc par audz&ju inicigjo$am jeb véza cilmes §inam. STs $iinas sastada tikai nelielu dalu no kopgjas
audzgja masas un ir salidzinoSi neuznémigakas pret pasSreiz lietotajam kimijterapijas zalém un staru
terapiju neka pargjas véza Siinas un iesp&jams, tas sekmigi prot izvairities ari no imtinsist€mas kontroles.
Tapec pec skietami veiksmigas terapijas nereti audzgjs paradas atkartoti, pateicoties izdzivojusam véza
cilmes $tnam. Padzilinata véza cilmes $iinu un pret-v€za imiinas reakcijas izpete dos jaunas zinasanas
par molekularaja Iimeni notiekoSajiem procesiem audzgju $iinas un laus izvertet Stinu izmainas slimibas
gaita, kas ir priekSnoteikums jaunu un daudz efektivaku pretvéza medikamentu un arstéSanas metozu
izstradei, ka arf jaunu diagnostikas un slimibas gaitas prognostikas testu izstradei. ST projekta mérkis ir

Kimijterapijas rezistences pétijjumos, audz&u imunologijas pétijjumos, ka ari lai atrastu jaunus
diagnostikas un prognostikas markierus.

Biobankas veidoSanas apraksts:

Ja piekritisiet piedalities Saja projekta, medicinas masa Jums no vénas panems 16 ml asinis tapat ka
jebkurai citai asins analizei. Atkariba no arst€Sanas plana, Jums tiks liigta atlauja izmantot p&tjjuma
merkiem nelielu gabalinu no operacijas laika vai diagnostiskas fibrobronhoskopijas laika iznemta
audzgja materiala. NepiecieSamibas gadijuma, ja slimiba progres€ pec sanemtas terapijas, Jums var tikt
piedavata atkartota diagnostiska procediira, kuras laika tiks iegtts neliels audz€ja audu gabalins
pétijuma analizém. Jums ir tiesibas atteikties no §is procediiras veikSanas un tas neietekmés Jiisu dalibu
Saja petijuma, ka ar1 Jusu talako arstéSanu. Panemtajiem asins un audu paraugiem tiks pieskirts unikals
kods, kas nodroSinas Jiisu konfidencialitati. Kodétie paraugi ar specialu transportu tiks nogadati Latvijas
Biomedicinas pétijumu un studiju centra, kur tie tiks talak apstradati un uzglabati drosa vieta ar
ierobezotu pieejamibu. No asins parauga tiks izdaliti baltie asinskermenisi, parbaudita to dzivotspgja
un tie tiks iesaldéti Iidz turpmako petijumu veiksanai. Talak tie tiks izmantoti, lai noskaidrotu to spgju
reagét ar véza $unam, to skaitd véza cilmes $tnam. No vienas audu parauga dalas tiks izdalitas
potencialas véza cilmes §iinas un iesaldétas Iidz turpmako pétijumu veikSanai. Talak tas tiks izmantotas,
lai petitu molekularas izmainas, salidzinot ar normalam $iinam un procesus, kas nodrosina to rezistenci
pret pret-véza zalem. Sie pétijumi ir loti svarigi jaunu un efektivaku medikamentu izstradei. Otra audu
parauga dala tiks izmantota dazadiem genétiskiem pétijumiem, kuru mérkis ir izstradat diagnostikas
testus audzgja savlaicigai atklaSanai, ka ar1 tadus testus, kas palidz&tu individuali piemeklét katram
slimniekam piemérotako terapiju un medikamentu devas.
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Tikai projekta darbinieki un personas ar Ipasam atlaujam var€s izmantot So informaciju vienigi
zinatniskiem petijumiem.

Projekta ilgums:

Laundabigo audzgju biobanka tiek veidota uz neierobezotu terminu. Jisu piekriSanas dokuments tiks
uzglabats 75 gadus péc pedgjo izmainu izdariSanas.

Iesp€jamie riski:

PiedaliSanas pétijuma Jisu veselibai nenodaris nekadu Jaunumu. Jums tiks panemts asins paraugs gluzi
ka parastai analizei. Asins parauga nemsanas vieta retos gadijumos var rasties neliels asins izplidums,
vai vél retak - neliels lokals adas iekaisums. Audzgja audu paraugs tiks panemts no audu materiala, kas
ticis iznemts arstnieciskas operacijas vai diagnostiskas bronhoskopijas procediiras laika. To izdaris
kvalificéts patologs, kas nodrosinas, lai parauga panemsana neietekm&tu parauga kvalitati standarta

diagnostikas izmeklgjumiem. Tad&jadi audu paraugu panemsana nerada draudus Jusu veselibai un
neietekme diagnostisko izmeklgjumu kvalitati.

NepiecieSamibas gadijuma p&c kimijterapijas kursa Jums var tikt piedavata diagnostiska procedura
(bronhoskopija). Bronhoskopijas laika tieva lokana trubina tiek ievadita pacienta elpcelos caur muti vai
degunu péc vietgja anestetika (lidokaina) inhalacijam un arsts ar specialam knaiblit€m atdala niecigu
gabalinu no audzgja mezgla bronhos. Bronhoskopijas komplikaciju risks ir zems (<1%) un tas ir:
asinosana no biopsijas vietas, parejosi elposanas un sirdsdarbibas trauc€umi, gaisa uzkraSanas pleiras
telpa (pneimotorakss).

Ja petijuma de] Jums attistisies kada no komplikacijam, petnieks nodroSinas, ka Jis sanemat
nepiecieSamo arsté€sanu

Datu konfidencialitate un projekta dalibnieka tiesibas:

Latvijas Republikas Saeimas pienemtais “Cilveka genoma izpetes likums” garantg Jiisu personas datu,
veselibas datu, ka ari genétiskas izp&tes rezultata iegitas informacijas konfidencialitati. Ta tiks
uzglabata vieta ar ierobezotu pieejamibu un netiks izsniegta ne Jisu gimenes locekliem, ne
apdro$inasanas firmai, ne darba dev&jam. Publicgjot p&tijuma rezultatus, Jusu identitate netiks atklata.
Jums bs tiesibas iepazities ar datiem, kas par Jums tiks uzglabati L .aundabigo audz&ju biobanka.

Brivpratiga piedalifanas:

Jusu piedaliSanas $aja projekta ir brivpratiga. Jusu atteikSanas piedalities $aja projekta neradis Jums
nekadas nevélamas sekas. Jiis var€siet jebkura bridi atsaukt savu piekriSanu bt par projekta dalibnieku.
Sada gadijuma Jisu audu paraugi, veselibas stavokla apraksts un jebkura ar personas identificésanu
saistita informacija tiks iznicinata.

Iespéjamie ieguvumi:

Piedalisanas projekta nedos Jums talitgju labumu, bet gan dos ieguldijumu Laundabigo audzgju

biobankas izveidei, kas kalpos par pamatu véza cilmes $iinu izp&tei un jaunu pretvéza medikamentu
mekl&sanai.

Saskana ar “Cilveka genoma izpétes likumu” Jums nav tiesibu pieprasit maksu par asins un audu
paraugu nodoSanu, ka ar1 par izp&tes rezultatu izmantosanu.

Kontaktpersona:

Ja Jums rodas kadi jautajumi, lidzu sazinieties ar arstu, kas Jiis uzaicinaja piedalities $aja projekta.
Kontakti: Dr. Uldis Kopeika - darba talrunis: 67069206; Dr. Viktors Kozirovskis - darba talrunis:
67069218, projekta vaditaja: Dr. Aija Liné — darba talrunis: 67808208.
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Arsta eksemplars

Pacienta piekriSana piedalities pétijjuma

l. Aizpilda pacients:

1. Esmu iepazinies ar rakstisku informaciju par izp&tes projekta ,,Biobankas veidoSana laundabigo
audzéju, pirmsvéza stavoklu, autoimiinu slimibu un kontroles grupas pacientu paraugiem” merki,
saturu, ilgumu un iesp&jamiem riskiem. Uz visiem maniem jautajumiem esmu san€mis saprotamas un
izsmelosas atbildes. Man bija pietickami daudz laika, lai pardomatu savu Iémumu piedalities projekta.

2. Esmu informéts, ka man bils tiesibas iepazities ar datiem, kas par mani tiks iegtti un glabati
Laundabigo audzgju biobanka. Apzinos, ka man nebiis tiesibu pieprasit maksu par audu paraugu
nodoSanu, mana veselibas stavokla apraksta sastadiSanu vai izp@ti, ka arT par izpétes rezultatu
izmantoSanu.

3. Mana genoma izp&tes apjomu (vajadzigo atzimet):
L] neierobezoju;

] ierobezoju 1idz noteiktam apjomam (noradit izp&tes ierobeZojumus)

4. Manu audu paraugu un veselibas stavokla aprakstu nosttiSanu genétiskajai izp&tei arpus Latvijas
(vajadzigo atzimet):

L] atlauju;
1 aizliedzu.

5. Piekritu, ka péc Kkimijterapijas kursa nepiecieSamibas gadijuma man tiek veikta atkartota
bronhoskopija:

ja;
U ne.
6. Velos, ka man tiek pazinota informacija, kas iegtita §1 p&tjjuma rezultata:
ja;
U ne.

7. Apliecinu, ka piekritu piedalities projekta ,,Biobankas veido$ana laundabigo audzeju, pirmsveZa
stavoklu, autoimiinu slimibu un kontroles grupas pacientu paraugiem” brivpratigi, bez maksas.
Piekritu, ka izpétei tieck nemts mans asins paraugs un neliels gabalin$ no operacijas vai diagnostiskas
procediras laika iegtita audzg&ja audu materiala, un sastadits veselibas stavokla apraksts.

Apzinos, ka jebkura bridi bez paskaidrojumiem varu atsaukt savu piekrisanu. Sada gadijuma manu audu
paraugi, veselibas stavokla apraksts un jebkura ar personas identificeSanu saistita informacija tiek
iznicinata.
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Pacients:

Vards un uzvards (drukatiem burtiem)

Personas kods

Adrese

Datums

(diena, ménesis, gads)

Paraksts

Il. Aizpilda pétnieks vai arstéjosais arsts

Pétnieks/ arstéjoSais arsts

Vards un uzvards (drukatiem burtiem)

Amats

Paraksts

Datums

(diena, ménesis, gads)

Aizpildisanas vietas nosaukums

Audu parauga kods:

BCOO[ ][]

07-01

doc 032 med
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3. pielikums. Galvenas publikacijas

Exp Oncol 2020
42 1. 75-77

SHORT COMMUNICATIONS

Experimental

NCOLOGY

HIGH EXPRESSION OF GLI1 1S ASSOCIATED WITH BETTER
SURVIVAL IN ADVANCED SCLC
V. Kaziravskis’->*, E. Zandberga®, M. Magone’, G. Purkalne'-?, A. Line’, U. Vikmanis®
! Pauls Stradins Clinical University Hospital, Riga LV- 1002, Laivia
2University of Latvia, Riga LV- 1586, Latvia
Latvian Biomedical Research and Study Centre, Riga LV-1067, Latvia

Afm: Aberrant Sonic hedgehog (Shh) pathway signaling has been described in small cell lung cancer (SCLC), as well discrepancies,
when analyzing expression of pathway components in SCLC cell lines v tumor biopsies. Shh key component 111 was evaluated
in advanced SCLC and data correlated with patient survival. Materials and Methods: (zLIT expression was analyzed by quantita-
tive real-time polvmerase chain reaction in pre-treatment fresh frozen tumor biopsies of 12 advanced SCLC patients and mRNA
level of L11 was compared in short-term vs long-term survivor's samples (stratified by median survival, independent samples
t-test). Resulis: Expression of GLIY mRNA was significantly higher in long-term (> 9.6 months, n = 6) survivor’s biopsies than
in short-term (< 9.6 months, n= 6) survivors (p=0.0196, 95% CI: 0.000016 to 0.000147, two-tailed independent samples t-test).
Conclusion: High GLII mRNA expression in SCLC was found to be positive prognostic marker associated with longer survival.
Further research is needed for validation of these results due to the small number of patients in the study.

Key Words: small cell lung cancer, Sonic hedgehog pathway, (LI, survival, prognosis.

DOI: 10.32471/ exp-oncology. 2312-8852.vol-42-no- 1. 14266

Aberrant Sonic hedgehog (Shh) pathway signaling
has been described in small cell lung cancer (SCLC),
however, controversial results have been obtained, when
analyzing expression of pathway components in SCLC
cell lines vs tumor biopsies [1]. There is an increasing
evidence that the embryonic signaling pathways are
essential for the maintenance and chemoresistance
of SCLC cancer stem cells [2]. These chemorasistant
cells may be the cause for non-successful treatment
of some SCLC patients, who do not respond well
to therapy and survive much shorter than ather patients.

The aim of this study was to evaluate the prognos-
tic role of Shh pathway activity in SCLC. We evaluated
mRNA expression of Shh pathway key component
GLI1 in advanced stage SCLC samples and correlatad
data with patient survival.

MATERIALS AND METHODS

Patients and tissue samples. Study tissue
samples were obtained along with a standard biopsies
by fibrobronchoscopy from patients, diagnosed withad-
vanced (stage Il and IV) SCLC at Pauls Stradins Clinical
University Hospital between October 2010 and January
2014. The Ethics Committee of the Institute of Experi-
mental and Clinical Medicine of University of Latvia has
approved this study. Written informed consent was
obtained from the patients before inclusion in the study.

The tissue specimens were submerged in RNAlater
solution (Thermao Fisher Scientific, USA) and stored
at -20°C. Board-certified cytologist confirmed the
presence of tumor cells in the sample by cytological
evaluation of the smear, which was obtained from study
specimen before placing it to the RNAlater. All diagno-

Submitted: April 14, 2019.

*Correspondence: E-mail: viktors. kozirovskis@stradini. v
Abbreviations used: 0S5 — overall survival; SCLC — small cell lung
cancer; Shh — Sonic hedgehog.

ses were histologically confirmed in standard biopsies
as SCLC by board-certified pathologists. Pre-treatment
biopsies from 20 SCLC patients were obtained and they
were followad during treatment.

Clinical information, treatment and survival data
were collected. 7 patients were excluded from the
analysis due to the lack of cytological confirmation
of tumor cell presance in a study biopsy. 1 patient died
early during treatment from non-cancer related cause
and therefore was also excludad from the analysis.

12 SCLC patients were stratified in a short-termand
long-term survivors by median overall survival (OS) time
(9.6 months) to correlate Shh related genes expres-
sion with patient survival. Demographics and clinical
characteristics of 12 patients with qualitative RNA and
survival data are shown in Tables 1 and 2.

Preparation of tissue mBRNA. Biopsy homo-
genization was done by FastPrep®-24 Instrument and
Lysing Matrix D (MP Biomedicals, USA) at 0.4 m/s for
40 5. Total RNAwasisolated using MirVana total RNA Iso-
lation Kit { Thermao Fisher Scienufic, USA) according to the
manufacturer's protocol. RNA was treated with DNAse |
(Thermao Fisher Scientific, USA) and RNA concentration
and puritywas quantified by Nanodrop ND-100 spectro-
photometar. cDMA was synthesized by random haxamer
priming from 1 pg of total RMA by using Revert Aid First
Strand cDMNA Synthesis kit (Thermo Fisher Scientific,
MA, USA) according to the manufacturer’s instructions.

Quantitative real-time polymerase chain reac-
tion. Quantitative real-time polymerase chain reaction
was performed using 2 pl 1:10 dilutad cDNA reaction
mixtures, ABSolute Blue ™ SYBR green Low ROX
(Thermo Fisher Scientific, USA) and VilA 7 real — time
polymerase chain reaction system (Applied Biosystems,
Life Technologies, USA). Sequences of primers used
in this study are available on request. To normalize the
expraession data, normalization factor was calculated
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for each cDMA from the expression values of three
most stable references genes (ACTB, LRP10, YWHAZ)
selected among seven frequently used housekesp-
ing genas by using geNorm software. All quantitative
real-time polymerase chain reaction experiments were
performed in duplicates and the data were presented
in graphs as means = standard deviation.

Statistical analysis. GLIT mBNA level was com-
pared by calculating two-tailed independent samples
t-test in short-term vs long-term survivor's samples,
stratified by median survival. Data were statistically inter-
preted using SPSS Statistics 21. P-values of < 0.05were
considerad significant.

RESULTS AND DISCUSSION

A small cohort of 12 patients with qualitative BNA
and survival data was analysed:

« 6 SCLC patients in long-term survivors group
(OS > 9.6 months) had mean GLIT mRNA level
of 0.000141757 = 0.000038223 in their pre-treat-
ment samples.

¢ 6§ SCLC patients in short-term survivors group
(054 9.8 months) accordingly had mean GLIT mRNA
level of 0.000080198 = 0.000016324.

Significantly higher GLIT mRNA levels were found
by two-tailed independent samples t-testin pre-treat-
ment biopsies of long-term SCLC survivors when com-
paring with short-term survivors (p = 0.0196, 95% Cl:
0.000016 1o 0.000147) (Figure).

Megative prognostic role of GLI'T has been drawn from
numerous studies and meta-analyses for breast [3] and
gastric cancer [4], lung adenocarcinoma and squamaous
cell carcinoma [5, 6], galloladder and liver cancer, cervi-
cal cancer, rhabdomyosarcoma, colon cancer, ovarian
cancer, bladder cancer, esophageal cancer, head and
neck squamous cell carcinoma, pancreatic cancer [7].
Owver-exprassion of GLIT tends to progressive stages and
is related to unfavourable prognosis. Only in intracranial
twmors GL positivity was not comrelated to poorer sur-
vival. Further study has confirmed the adverse effect
of low nuclear GLI1 expression in glioblastomas, which
is In contrast with the negative prognostic effect of high
GL!'1 expression reported in non-cranial malignan-
cies [8]. Conceming GLIT as a prognostic factor in lung
adenocarcinoma there is also study that has reported
longer survival in GL/ 1 positive tumors [9].

SCLC is a specific malignancy with a few common
critical genetic and epigenstic alterations, leading tofre-
quent GLI'T overexpression and ligand-independent
GLIT activation. GLI'T activation could be caused for
example by bi-allelic inactivation of TP52 genes and
TP&3 deficiency observed nearlyin all SCLC cases [10,
11]. Another frequently observed GLIT activating al-
teration in SCLC is downregulation of Notch pathway
and downregulation of PI3K-AKT oncogenic signaling.
MNotch pathway signaling was found to be downregu-
lated in 77% of 110 SCLC clinical tumor specimens,
while Notch family genomic alterations were found here
in25% of cases [11]. Loss of function of tumor suppres-
sor PTEN, an endogenous inhibitor of AKT, which could

Table 1. Characteristics of 12 patients qualified for gene expression and
survival analysis. The comparison between groups was carried out by the
Student’s f-test or the Chi Square test, according to the type of variabla
Leng-tarm survivers  Short-term survivors

Paient — \ne's g6 months, (05 < 0.6 months,  P-value
characteristics _ _
n=§] n=E)

Gander
Male 5 5 p=1.0
Female 1 1
Age
Madian (range) 61.5[54-7T7) 51.5(40-70) p=0.078
ECOG
0 1 1
) H : p= 0446
3 1 1
4 0 i}
Sta
A 0
B 2 2 p=0585
N 3 4
Deviations
of treatment
dosing/timing p=0.078
due toxicity
Nona 2
Prasent 4 1
Best responsa
CR 0 0
PR B 4 p=0.30
ED 0 1
PO 0 1
Disease pro-
gression type
Local 2 1 -
Distant 2 3 p=0.601
Combinad 1 2
Not progressed 1 0

Note: CH - complete respense; PR — partial response; 3D - stable disease;
PD — progressive disease,

Table 2. Survival and trestment data of 12 study patients

Survival  Survival
Patient 1D Nr. in months in months Received treatment
(days)  [days)
Patiant LC145 41140} 4CE
Patiant LC13T 6 (191} & PE —+ AT [57.6/50.4/45 Gy)
Patient LC146 8(250) 4 PE -3 CAV
Patient LC102 8(253) EPE
Patient LCAT1 B (287) 1 PE—+ 5 CAV
Patient LC135 8(269) 4 PE - AT (54/50.4 Gy} -
37.5 Gy WERT
Patient LC130 10 (205) 5PE -3 CAV
Patient LC127 10 (31B) 5 PE -+ 30 Gy WBRT
Patient LC134 12 (2B3) 5 PE —+ AT [54/54/45 Gy)
38 Gy WERT
Patient LC129 13 (306) 6 PE -+ RT (54/50.4 Gy) —+ PCI
306G
Patient LC121 15 (462) G CE—+RAT [54,[-’50.4}%(}.4 Gy}~ PCI
{36 Gy) - 1 CAV
Patient LC126 A2 (2490] 5 PE —+ KT (56/50.4 Gv) —+ PCI (35 Gy}

Mete: CE — carboplatin/etoposide; PE — cisplatin/etoposide; AT — radiation
therapy; CAV — cyclophosphamide/adriamycin/vincristing; WBRT — whole
brain radiation therapy; PCl — prophylactic cranial irradiation.

be found in 10-18% of SCLC tumors [12], will also lead
10 increased transcriptional activity of GLIT.

Owr finding with higher GLI'1 expressionin long-term
SCLC survivors might reflectin this case lower mutational
burden and only few epigenetic changes with retained
GLIT upregulation characteristic for SCLC. GLIT down-
regulation and increased chemoresistance in short-term
SCLC survivors may be explained by the higher number
of genatic and epigenetic changes in tumor cells.

The main chjects for SCLC molecular research still
are cell lines and xenografts due to the clinical features
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Figure. Dot plots showing normalized GLIT gene expression
levels in pre-treatment SCLC biopsies of long- vs short-term
survivers cohorts. The median gene expression level for each
group is indicated by a line inside the box. Data presented
in graphs are means obtained from experiments in duplicates =
standard deviation

of disease. Aberrant Shh pathway signaling has been
described in SCLC, aswell as discrepancies, when ana-
hyzing expression of pathway components in SCLC cell
lines/xenografts vs tumor biopsies. Only small percent-
age of SCLC cell lines express transcriptional regulator
GLIT, which can be used as an indicator of Shh signalling
activity [ 13]. Contrary, when GLI1 immunohistochemical
staining was performed on SCLC biopsias to investi-
gate human tumors for GLIT expression, 34 (85%) out
of 40 SCLC tumors demonstrated GLIT expression and
26 of these displayed medium or stong GLI reactiv-
ity [14]. Thus, caution should be taken when working
with tumor derived cell lines, as the expression and
signaling may notreflect the in wivo situation. These find-
ings were supported also by Affymetrix oligonucleotide
microarray analysis of human SCLC tumors, where sig-
nificantly higher mean GLIT expressionin SCLC tissues
was found when compared to that of the 20 SCLC cell
lines investigated [15].

So advantage of this study was that mRNA expres-
sion of key Shh pathway member GLIT was evaluated
in SCLC fresh biopsies and survival data of patients were
available. Unfortunately, small size of biopsy samples
was an issue, which lead to exclusion of notable part
of study patients from analysis due to the lack of cancer
cells in a study specimen.

In conclusion, at our best knowledge this repre-
sents the first study investigating the prognostic role
of GLIT in SCLC patients. Our findings suggest that the
Shh pathway activation might be a positive prognostic
marker in SCLC contrary 1o its negative role observed

Copyright @ Experimental Oncology, 2020

in other malignancies. Further research is needed for
validation of these results due to the small number
of patients in the study.
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Cancer stem cells may be responsible for tumour regrowth and acquisition of resistance in small
cell lung cancer (SCLC). The Hedgehog pathway regulates survival and proliferation of tissue
progenitor and stem cell populations, promoting the expression of stem cell related and
proliferative genes. We evaluated the Sonic Hedgehog (Shh) embryonic signalling pathway in re-
lapsed SCLC. Expression levels of Shh related genes GLI1, SMO, SUFU, PTCH1, HHIP, BCL2,
BMI, ZEB1, ZEB2, N-MYC, Twist1 were analysed by gRT-PCR in maitched pre-treatment and re-
lapsed tumour fresh frozen biopsies of three SCLC patients. Expression of each gene was com-
pared using the paired samples ttest, as well as companson of mean expression levels was
done. Data were statistically interpreted using the MedCale version 10.2.0.0 software. 2.9-fold
lower mean mRANA expression of the major Hedgshog activation indicator GLI1 was observed in
relapsed samples (p = 0.0529). Mean expression of six Shh inducible genes, PTCH1, HHIP,
N-MYC, ZEB2, Twist1, ZEB1, was also downregulated by 2.6-, 2.2-, 1.9-, 1.8-, 1.2-, 1.1-fold, re-
spectively (p = 04252, p = 0.1268, p = 0.2480, p = 0.1169, p = 0. 1480, p = 0.7595, respectively).
1.8-fold mean expression decrease was found for G activator Smo {p = 0.4111). Only the Shh
pathway inhibitor SUFU and two other examined Hedgehog signalling inducible genes BCL2 and
BMI in relapsed SCLC showed 0.8-, 0.9-,and 0.58-foid increase of expression, respectively (p =
03074, p = 0.7921, and p = 0.3822, respectively). To our knowledge, this is the first report of
companson of Shh signalling in matched pre-treatment and relapsed SCLC biopsies. Our data
show decreased activity for majonity of Shh pathway components in relapsed SCLC, although dif-
ference did not reach statistical significance.

Keywords: relapsed SCLC, cancer stem cels, Sonic Hedgehog pathway, gene expression,
matched biopsies.
INTRODUCTION ally no extensive-stage disease patients remain alive for five

Small cell lung cancer is a malignant disease, where pres-
ence of a cancer stem cell (CSC) subpopulation is suggested
by clinical practice. Standard chemotherapy may reduce tu-
mour mass very effectively and even induce complete re-
mission in the majority of patients (Obkuno and Jer, 2002).
Unfortunately, recurrence almost always occurs and virtu-

Proc. Larvian Acad. 5o, Secgon B, Val. 75 (321}, Ha. 5.

years (Jett er al., 2013). This can be explained by the sur-
vival of a small fraction of dormant and treatment-resistant
CSC during initial chemotherapy and further repopulation
of the tumour. The majority of cells, like CSC in recurrent
tumours, acquire resistance to chemotherapy. One major
characteristic feamre of CSC is its ability to exchide
Hoescht dye from the cell due to high expression of drug
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transporters like the ABC transporter family, including
ABCBI1 and ABCG2 (Goodell er al, 1996). Selection and
further study of CSC therefore became possible in small cell
hung cancer (SCLC) cell lines and mouse models within the
so-called side population fraction (with poor Hoescht dye
samration). Many stemness and drug resistance associated
genes were found to be overexpressed in SCLC CSC, as
well as genes involved in the embryonic signalling path-
ways — Notch and Hedgehog (Sakcido er al, 2010). The
Hedgehog pathway activation was found in SCLC tumours
(Watkins er al., 2003) and its blockade inhibited growth of
SCLC tumour xenografis in mice (Vestergaard er al., 2006).
Additionally, increased Hedgehog signalling was found to
be associated with activation of neuroendocrine precursors
within the airway epithelial compartment. which could be of
importance in SCLC with its primitive neurcendocrine fea-
tures (Zochbaver-Muller er al., 2002).

The aim of this study was to investigate and compare Sonic
Hedgehog (Shh) embryonic signalling pathway activity in
small cell lung cancer biopsies before and after acquisition
of resistance. In this retrospective study we evaluated
mENA expression of key Shh pathway member genes in
advanced stage SCLC samples before reatment and at pro-
gression of the disease.

The following genes were evaluated:

1) the major indicator of Hedgehog activation — positive
pathway regulator and pathway transcriptional target
Gilioma-Associated Oncogene Homolog 1 (Glil ) (Katoh and
Katoh, 2009a), as well as Gli activator Smoothened ( Smao)
(Gupta et al, 2010);

2) pathway inhibitor Suppressor Of Fused Homolog
(SUFU) (Sabol er al, 2018), and

3) the most important genes inducible by Hedgehog signal-
ling: pathway canonical negative feedback regulators —
Protein Patched Homolog 1 (PTCHI ) and Hedgehog Inter-
acting Protein (HHIP1) (Pietrobono er al., 2019), antiapop-
totic B-Cell CLL/ALymphoma 2 (BCL2), CSC marker and
epigenctic regulator BMI polvcomb ring finger oncogene
(BMI), epithelialto-mesenchymal transiton inducers Zine
Finger E-Box Binding Homeobox | and 2 (ZER], ZER2)
(Katoh and Katoh, 2009a), drug resistance associated
NMYC (Salcido er al., 2010) and direct transcriptional target
of Glil — Twist Family BHLH Transcription Factor |
(Twistd) (Kong et al., 2015).

MATERIALS AND METHODS

Patients and tissue samples. Pre-reatment tissue samples
for the study were collected along with standard biopsies
during fibrobronchoscopy (FBS) from patients who were di-
agnosed with advanced (stage Il B and IV) SCLC at Pauls
Stradipi Clinical University Hospital between October 2010
and January 2014, Tissue specimens were submerged in
RNAlater solution (Thermo Fisher Scientific, USA) and
stored at —20 °C. The presence of tumour cells in the study
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samples was verified by cytological evaluation of a smear,
which was obtained before placing the sample in RNAlater.
All diagnoses were histologically confirmed as SCLC in
standard biopsies by board-cenified pathologists; the pres-
ence of tumour cells in study smear was done by a board-
certified cytologist. Pre-treatment biopsies from 20 SCLC
patients were obtained and they were followed during treat-
ment. At the moment of disease progression, repeated FBS
and study biopsies of relapsed SCLC was done in five pa-
tients. Two patents were excluded from the analysis (one
due to the lack of cytological confirmation of mmour cell
presence in the pre-eatment study biopsy the other due to
the bad RNA quality in the relapsed tumour biopsy). A
small cohort of samples that was available for testing con-
sisted of matched pre-treatment and relapsed SCLC biopsies
from the same patient (n = 3).

Demographics and clinical characteristics of the studied pa-
tients and comparison of three patients. who had qualitative
both pre-treatment and relapsed SCLC biopsies vs patients
not inclided in paired gene expression analysis are shown
in Table 1. Statistically significant age and ECOG differ-
ences were found between groups, while patients were com-
parable in terms of gender, disease stage, toxicity, received
treatment, best response to therapy, disease progression
type. and survival.

The study was approved by the Ethics Committee of the In-
stitute of Experimental and Clinical Medicine, University of
Latvia. The tissue samples were collected after written in-
formed consent was obtained from the patients.

Preparation of tissue mRNA. Biopsy homogenisation was
done by FastPrep®-24 Instrument and Lysing Matrix D
(MP Biomedicals, USA) at 0.4 m/s for 40 seconds. Total
RMNA was isolated using the MirVana total ENA Isolation
Kit (Thermo Fisher Scientific, USA) and was treated with
DN Ase I (Thermo Fisher Scientific, USA) according to the
manufacturer’s protocol. RNA concentration and purity was
gquantified by a Nanodrop ND-100 spectrophotometer.
cDNA was synthesised by random hexamer priming from 1
pe of total RNA by using the Revert Aid First Swand cDN A
Synthesis kit (Thermo Fisher Scientific, MA, USA) accord-
ing to the manufactirer’s instructions.

Quantitative RT-PCR. Quantitative real-time PCR
(qRT-PCR) was performed using 2 pl 1 : 10 diluted cDNA
reaction mixtures, ABSolute Blue ™ SYBR green Low
ROX (Thermo Fisher Scientific, USA) and ViiA 7 real-time
PCR system (Applied Biosystems, Life Technologies,
USA). Sequences of primers used in this study are available
on request. To normalise the expression data, the normalisa-
tion factor was caleulated for each ¢cDNA from the expres-
sion values of the three most stable references genes
(ACTRB, LRPI10, YWHAZ) selected among seven frequently
used housekeeping genes by using geNorm software. All
gRT-PCR experiments were performed in duplicate and the
data were presented in graphs as means + standard devia-
tiom.

Proc. Lasvian Acad Sei., Section B, Vol 75 (2021), Mo, 5.



Table I. Characteristics of three patients with pre-reatment and relapsed
SOLC biopsies vs patients not included in paired gene expression analysis.
The comparison between groups was carmied owt by the Student's #test or
the Chi Sguare test, acconding to the type of varahle

Patient characteristics | Patients included | Patients NOT p-value
in paired gene  |included in paired
EXPIEssion ST EXPIESSiOn
analysisin=3) | analysis (n=1T)
Gender 0348
Male 3 13
Female 1] 4
Age Q03T
Mean {range) 60 E-TT) 56.9047-T00
ECOG QME
[i] 2 1
1 0 7
2 1 7
3 0 2
Siage 0565
1A 0 2
e 1 5
™ 2 10
Deviations of treatment 0212
dosing/ftiming due toxicity
none 1 12
present 2 5
Treament receivad (IR E
Chemaotherapy only 1 i1
Chemaotherapy and 2 Il
radiation therapy
Best meaponse 03
CR 0 2
PR 2 13
5D 0 2
PO 1 )]
Disease progression type aTs
loscal 1 4
distant 0 &
conimvhi nesd 2 1
NK 0 2
it prog ressed 1] 2
Survival
Mean PFS (months) 6.7 258 0469
Mean 0S5 (months) 11 282 0506

SOLC, small cell ung cancer; CR, complete mesponse; PR, partial ne-
sponse; S, stable disease; PID, progressive disease; NE, not known; PFS,
progression-free survival; 08, overall survival, PD, progressive disease

Statistical analysis. The mRNA level of each Shh related
gene was compared in the same patient matched pre-
treatment vs relapsed SCLC samples using the two-tailed
paired samples t-test, as well as comparison of mean ex-
pression levels of each tested gene was done in all pre-
treatment vs relapsed samples with calculation of 95% con-
fidence intervals. Data were statistically interpreted using
MedCalc version 10.2.0.0 sofrware. p values of < 0.05 were
considered significant.

Proc. Latvian Acad. Sei, Secion B, Val. 75 (2021}, Na. 5
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RESULTS

To our knowledge, this is the first report that compares ex-
pression of the Shh signalling pathway components in
matched pre-meament and relapsed SCLC biopsies. Our re-
sults show decreased activity of majority of Shh pathway
components in the relapsed SCLC mmour tissues, although
the differences did not reach statistical significance.

2.9-fold lower mean mRN A expression of the major Hedge-
hog activation indicator GLI was observed in relapsed
SCLC biopsies when compared with matched pre-mreamment
hiopsies, although the difference did not reached statistical
significance  (p = 0.0529, 95% CI: -0.0002023 to
0.000003115, two-tailed paired samples t-test) (Fig. 1, Ta-
ble 2).

Mean expression of six genes inducible by Hedgehog sig-
nalling — PTCHI, HHIP, N-MYC, ZEB2, Twistl, and ZEB]
was also downregulated by 2.6-, 2.2-, 1.9-, 1.8-, 1.2, and
1.1-fold, respectively. in relapsed SCLC samples without a
statistical significant difference (p= 0.4252, p=0.1268, p =
0.2480, p = 0.1169, p p = 0.1480, and p = 0.7595, respec-
tively) (Figs. 1 and 2, Table 2).

1.8-fold mean expression decrease was found in paired bi-
opsies at relapse for Gli activator Sme with no statstically
significant difference (p = 0.4111) (Fig. 2, Table 2).

Forrelapsed SCLC, only Shh pathway imhibitor SUFU and
2 examined Hedgehog signalling inducible genes — BCL2
and BMT showed increase by 0.8-, 0.9- and 0.8-fold, respec-
tively, in their mean expression level., without statistically
significant difference (p = 0.3074, p = 0.7921 and p =
0.3822, respectively) (Fig. 3. Table 2).

DISCUSSION

To our knowledge, this is the first report that directly com-
pares expression of the Shh signalling pathway components
in matched pre-reatment and relapsed SCLC hiopsies.

2.9 fold lower mean mRNA expression of the major Hedge-
hog activation indicator LI was observed in relapsed
SCLC biopsies compared to matched pre-meament biop-
sies, although the difference did not reach statistical signifi-
cance (p = 00529).

Mean expression of six genes inducible by Hedgehog sig-
nalling — PTCHI, HHIP, N-MYC, ZEB2, Twistl, and
ZER! was also downregulated by 2.6-, 2.2-, 1.9-, 1.8-, 1.2-
and 1. 1-fold, respectively, in relapsed SCLC, without statis-
tically a significant difference (p = 04252, p = 0.1268. p =
0.2480, p = 0.1169, p = 0.1480, and p = 0.7595, respec-
tively), as well as 1.8-fold mean expression decrease in re-
lapsed samples for Gli activator Smo, with no statistically
significant difference (p = 0.4111).

For relapsed biopsies, only Shh pathway inhibitor SUFL
and the other two examined Hedgehog signalling inducible
genes — BCL2 and BM[ showed increase by 0.8-, 0.9-, and
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Fig. 1. Dot and line diagram
with normalised gene expres-
sion levels of each Shh-related
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0.8-fold, respectively, in their mean expression level. with-
out statistically significant difference (p = 0.3074, p =
0.7921, and p = 0.3822, respectively).

Cancer stem cells may be responsible for tumour initiation,
regrowth and acquisition of resistance. Many studies have
linked the aberrant hedgehog signalling to renewal and sur-

Tiwo-tadint paked Sampis 1460
p = 02450, 56% CI: -0.03633 1o 0.09652

factors.

vival of cancer stem cells in SCLC, thus making it a
promising therapeutic target.

Preclinical research in SCLC is relying mainly on cell lines
and xenografts, due to the lack of widely available tumour
samples (Hamilton er al, 2012). However, it has been ob-
served that establishment of SCLC cell line/xenograft leads

Table 2. Comparison of mean expression level of Shh related genes in pre-treatment vs relapsed samples

Tested gene Mean expression kevel in 3 SCLC pre-treatment vs relapsed samples E d

pre- 95% CI for the mean relapsed 95% CI for the mean difference
Gl 0.0001526 0.000088 to 0.0002173 0.00005305 =0.000004 to 0.0001101 29
PTCHI 0.09971 -0.1515 © 0.3509 0.03881 0.01099 10 0.06664 26
HHIPI 0.0002836 0000109 to 0.0004582 0.0001305 -0.0001989 to 00004398 22
N-MYC 0.02085 -0.006934 10 004863 0.01094 -0.001096 10002297 19
Smo 0.01722 -0.0130 © 0.04744 0.009398 -0.01974 10 0.03854 18
ZEB2 0.02419 001042 © 003795 0.01354 0004276 to 0.0228 18
Twist] 0.004609 —0.0004286 to 0.009646 0.003798 -0.002644 t00.01024 12
ZEBI 0.007191 -0.001361 100.01574 0.006662 0004601 100.008722 L1
BCL2 0.02301 00006755 to 0.04534 0.02509 ~0.01966 10 0.06984 09
SUFU 0.007723 0004172 t00.01127 0.009916 0002686 t0 0.01715 08
BMI 0.08249 0010810 0.1542 0.09763 -0.02615 t00.2214 08

Shh, Sonic Hadgehog: SCLC, small cell lung cancer; (I, confidence interval, GliJ, Glioma-Associated Oncogene Homolog | PTCHI, Prokin Patched
Homolog |; HHIPI, Hedgehog Interacting Protein; N-MYC, a member of the MYC family of transcription factors; Smo, Smoothened; ZEBJ, ZEB2, Zinc Fin-
ger E-Box Binding Homeobox | and 2; Twist/, Twis Family BHLH Transcription Factor 1; BCL2, B-Cell CLL/Lymphoma 2: SUFU, Suppressor Of Fused

Homolog: BMI, BMII polycomb ring finger oncogene
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to irreversible changes in gene expression (Daniel er al.,
2009). Regarding Hedgehog signalling, it was shown previ-
ously that significantly higher mean GLI! expression is
present in SCLC tumour hiopsies tdssues compared to that
in SCLC cell lines (Pedersen er al, 2003). Thus, caution
should be taken when working with tumour-derived cell
lines, as the expression and signalling may not reflect the in
vive situation. The advantage of this study is that mRNA
expression of key Shh pathway members was evaluated in
SCLC fresh biopsies (in vivwo). To our knowledge, this is the
first report of such analysis of Shh signalling pathway com-
ponents in matched pre-treatment and relapsed SCLC sam-
ples.

Contrary to promising preclinical data that supggested a syn-
ergistic role between the canonical Shh pathway inhibitors
and chematherapy for targeting the chemoresistant subset of
SCLC cells, no positve results from clinical wials evaluat-
ing activity of SMO inhibitors (Vismodegib, LDE-225,
BMS-833923, and LY2940680) have been reported. One
possible explanation of this fallure in SCLC might be the
non-canonical activation of Shh pathway key players. An
example of ligand-independent (LI activation is GLI
overexpression observed in the case of TP33 deficiency.
Study of this mechanism showed that exposure of human
medulloblastoma cell lines and Pre-/~ mouse embryonic
fibroblasts to DNA damaging cytotoxic drugs induced con-
comitant expression of p53 and sequential downregulation
of GLI1 through its pS3-dependent ubiguitination and deg-
radation (Mazza er al, 2013). This dependency may be cru-
cial in this particular long cancer type becanse bi-allelic in-
activation of TP53 and RBI genes is observed nearly in all
SCLC (George er al.. 2015).

Other possible canse of increased ligand-independent Shh
signalling is presence of activating mutations in RAS-RAF-
MEK, PI3K-AKT oncogenic signalling pathways or
downregulation of the Notch pathway. Thus, oncogenic H-
or N-RAS and AKT1 potentate GLI1 function, by enhanc-
ing its wanscriptional actvity and nuclear localisation, and
counteracting its cytoplasmic retention by SUFU in mela-
noma, prostate cancer and human glioma cells (Stecca er
al., 2007). Similarly, loss of function of mmour suppressor
PTEN (phosphatase and tensin homolog deleted on chromo-
some 10), an endogenous inhibitor of AKT, will lead w in-
creased ranscriptional activity of GLI. PTEN alterations
can be found in 10-18% of SCLC tumours ( Yokomizo er
al., 1998).

Another oncogene that was found to activate GLI inde-
pendently from Shh ligand-mediated signalling is C-MYC.
It is frequently overexpressed in both SCLC and non-small
cell lung cancer (NSCLC) (Wistuba er al.. 2001). C-MYC
directly binds to the GLII promoter and activates its wan-
scripion. Inhibiton of C-MYC by small molecule inhibi-
tors downregulates LI mBNA and induces cell death in
Burkitt lymphoma cells (Yoon er al., 2013).

While KRAS/AKT aberrant activation is a rare event in
SCLC (Maitra er al., 2001; Wakuda er al., 2014; Yamamoto
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eral, 2008; Kodaz er al , 2016), Notch pathway signalling
was found to be downregulated in 77% of 110 SCLC clini-
cal mour specimens, among which Notch family genomic
alerations were found in 25% of cases (George er al,
2015). As Notch signals downregulate GLI1 expression via
HES/HEY family members (Katoh and Katoh, 2009b), in-
creased Shh signalling is possible in this case. Additional
studies found reduced tumour formation, metastatic capabil-
ity, cell cycle inhibition, and reduced neurcendocrine mark-
ers with Notch activation, thus demonstrating Notch as a -
mour suppressor in SCLC (Hassan er al., 2014). One
discovered mechanism of Notch pathway downregulation is
overexpression of its inhibitor DLL3, which enhances
endosomallysosomal degradation of both activatory Notch
single-pass ransmembrane receptors and membrane-bound
ligand DLL1 (Chapman er al, 2011; Serth er al, 2015).

Considering multiple possible non-canonical Shh signalling
interactions, our finding with lower (although statistically
non-significant) (LI expression in relapsed SCLC samples
when compared to matched pre-treatment biopsies might re-
flect the further increasing dysregulation of different signal-
ling pathways andfor epigenetic mechanisms. In this case,
accumulation of additional genetic/epigenetic changes over
time decreases initially high GLI1 levels, which is charac-
teristic for SCLC tumour biopsies and may be explained by
a few critical genetic alterations like the frequently ob-
served TP53 deficiency or downregulated Notch pathway

signalling.

A possible limitation of the study might be the inclusion of
primary resistant patients in the analysis. One patient did
not respond to specific therapy, thus suggesting that resis-
tance-associated changes were already present in the
pre-reatment sample.

This study was the first attempt to solve the problem of no-
table lack of paired samples of newly diagnosed and recur-
rent SCLC. Unfortunately, only five patients from 20 had
undergone FBS re-biopsy of their progressed tumour and
only three qualitative matched paired samples were ob-
tained. The main causes of such a low re-biopsy rate were
distant disease progression only and refusal of patients to
undergo a repeated invasive procedure. An issue was also
the small size of biopsy samples and exclusion of a signifi-
cant part of study patients from analysis due to lack of can-
cer cells in a biopsy.

Our data show decreased activity of the majority of Shh
pathway components in the relapsed SCLC tumour tissues,
although the differences did not reach statistical signifi-
cance.

Thus. the activation of Shh signalling might not be a univer-
sal mechanism for SCLC relapse and resistance develop-
ment.

Due to the small number of patients in this study, generali-
sation of our results is questionable. A longer period of time
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for tissue sample collection or inclision of additional cen-
tres in the tissue collection programme may solve this prob-
lem.
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SONIC HEDGEHOG EMBRIOGENEZI REGULEIOSA SIGNALCELA KOMPONENTU EKSPRESIA SIKSUNU PLAUSU VEZA
PACIENTU PIRMSTERAFITAS UN RECIDIVA PARA BIOPSITAS

Veza cilméinas var bt par pamatu sik§inu plavfu v&a (SSPV) recidivam un mezistences atistibui, Hedgehog signalce]$ regul& vairikus ar
cilmiinim un prolifericiju saisites génes, @EEd veicinot cilm3inu un audu progenitoro S0nu iadevodianu un prolifericiju. Mas
izvErE im Sonic Hedgehog (Shh) embriogenga regulodo signilee]u recidivijodd S5PV . Tzmantojot redli laika kvintitativo gRT-PCR, tika
analiz&t ekspresijas Emeni Shh saistitiem géniem GLII, SMO, SUFU, PTCHI, HHIP, BCL2, BMI, ZER I, ZER2, N-MYC, Twist] ris S5PV
pacientu audz&ju svaigm saldéto pira biopsiju paraugos, kas gemti pinns terapijas un recidiva lakd. Katra géna ekspresijas Emeni sastitagim
paraugkopim tika salideindt, omantojot St odenta t-testu, ki ard tka salidendti vidgjie ekspresijas Hme. Dato statistisk analiee veikia,
izmantojol MedCale 10.2.00 versijas progrommu. Recidiva pamugos bija 2.9 mires zemika (p = 0,0529) vidEji mENS ekspresija
galvenajam Hedgehog signileela akiivitites indikatoram GLIT. Ari sefu Hedgehog signileela inducgjamo génu — PTCH I, HHIP, N-MYC,
ZER2, Twist], ZEBI — vid&ji ekspresija bija attiecigi zemika 2.6, 2.2, 1.9, LB, 1.2, 1.1 reizes (ar attiecigy p= 04252, p = 01268, p =
0,480, p= 01169, p =0,1480, p = 0,7595). 1.8 reizes zemika vid&d ekspresija bija konstat@ta Gl aktivatoram Smo (p = 0,4111). Aniecigi
0.8 0.9 un 0,8 mizes augstika vidgja ekspresije recidiv@oda SSPV (ar attiedigu p = 0,3074, p = 0,7921 uwn p = 0,3822) bija vienigi
signileela mhibitoram SUFL un 2 citem temekl@iem Hedgehog signileela inducjamiem génem BCL2 un BMI. P& mums piesjamis
infonmdcijas, §is i pirmais zipojums, kas salidsina Shh signileela ekspresiju SSPV pinnsterapijas un recidiva pira biopsijas. PEfjumi
iegiitie rezultiti norida vz Shh signilee]a komponentu samazindtu  aktivititi recidivijoda SSPV, kaut starpiba nav sasniegusi statistisku
ticamibu
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with vinorelbine (25 mg/m? D1 i.v. and 60 mg/m? D8 given orally).
After radical resection, ACT (4 cycles of 21 day regimen) was applied
to patients with stages IB, 11, and I1A of NSCLC in 21 Czech and Slo-
vak centres. Selection of CODP or CBDCA was based on individual
centre preference. Recruitment of patients started on the 12th of
January 2005 and finished on the 5th of December 2008. Evaluation
was closed on the 31st of January 2011.

Results: ACT was applied to 154 eligible patients (110 men, 44
women, median of age 63 years). Out of them, 89 were smokers,
49 ex-smokers and 16 non smokers. Surgically determined stages
were B in 46 pts, l1A in 18 pts, [IB in 38 pts and IIA in 52 pts.
CBDCA was given to 77 patients and CDDP to 77 patients, 4 of whom
switched to CBDCA. All of them were treated as out-patients. Alto-
gether 586 cycles(meanno 3.81, in CDDP 3.77, in CBDCA 3.84) were
administered, 84% of patients finished four cycles of planned ACT.
The reasons for 25 patients ending ACT prematurely were hema-
tological toxicity in 8 pts, non-hematological toxicity in 9 pts and
other reasons in B pts. The most frequent WHO grade 3/4 of toxicity
in cycles was neutropenia in 16.7%, leucopenia in 7.9%, anemia in
1.2%, thrombocytopenia in 0.5%, alopecia in 5.8%, nausea in 2.4%,
nephrotoxicity in 0.5%, neurotoxicity, diarrhoea and mucositis in
0.2% There was significantly higher incidence of nentropenia (p
0.041) and slightly higher incidence of vomiting (p 0.058) in CDDP
regimen, and non significantly higher incidence of anemia (p0.051)
in CBDCA regimen. Median of follow-up was 31 months, 3-year sur-
vival during this period was 69.8%. After evaluation closing 98 pts
have lived, 31.2% (48 pts) died because of NSCLC, 5.2% (8 pts) died
because of the different reasons than toxicity or progression (7 pts
died without progression, 1 patient died during the cancer recur-
rence but progression was not the reason of the death). Out of all
alive patients, 18 survived with appearance of the recurrence and
80 pts lived without progression of the disease. Disease free interval
was 43 months.

Conclusions: ACT with vinorelbine given orally on day & appears
to be a feasible and tolerable regimen in radically resected NSCLC.
Short time survival results are optimistic. Present study is ongoing
and the trends of overall survival, disease free interval and other
survival parameters will be evaluated in longer follow-up period.
Acknowledgement: This study was supported by Grant IGA MZ CR
MNT/[13569 of the Czech Ministry of Health.
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Oral vinorelbine in combination with carboplatin in adjuvant
chemotherapy of non-small cell lung cancer (NSCLC): A
prospective multicentre study of feasibility, tolerability and
short time survival

V. Kolek, L. Grygarkovd, J. Chalupa, L. Koubkovd, T. Janaskova, J.
Roubec, P. Popelkova, T. Bartek, D. Sixtova, E. Pavlikova, T.
Vlasek, F. Chaloupka, J. Skiitkova. Pneumo-oncological
Departments of Olomouc, Liberec, Praha-Motol, Vitkovice, Ostrava,
Praho-KrE, Mladd Boleslav, Pardubice, Usti n.L, Brno, Czech Republic

Background: Adjuvant cisplatinum-based chemotherapy is rec-
ommended for routine use in patients with stages 1A, 1B, and
1A of non small-cell lung cancer (NSCLC) after radical resection.
Results in stage 1B were not conclusive. Vinorelbine is a preferable
associated drug in this indication and a randomized study proved
the comparable effectiveness and tolerability of vinorelbine given
both orally or intravenously (i.v.) in advanced N5CLC, meanwhile
oral vinorelbine gives better comfort to patients. The tolerance
of adjutant chemotherapy and implementation of planned dose
intensity remains a substantial problem, which most likely reflects
the difficulty associated with CDDP-based chemotherapy. NCICCTG
BR.10, IALT and ANITA trials reported treatment-related deaths,
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accounting for 0.8-1.7%. In ANITA trial, median of planned dose
was 56.3% in NVE and 76.1% in CDDP. Only 50% of patients finished
all of 4 cycles planned. New studies targeting more tolerable regi-
mens are needed. CODP-based treatment is preferred, but several
studies showed similar effectiveness and better tolerance of the
combination of carboplatin (AUCS) and paclitaxel, pemetrexed or
vinorelbine. Only few data exist about vinorelbine given orally in
adjuvant chemotherapy (ACT).

Methods: This prospective multicentre study evaluates the feasi-
bility and toxicity of ACT based on carboplatin-CBDCA (AUC 5) with
vinorelbine (D1 and D8 80mg'm? given orally with the dose of
60 mg/m? given in the first cycle). After complete resection, ACT
(4 cycles of 21 day regimen) was applied to patients with stage 1B,
I1, and 1A of NSCLC in 10 Czech centres. Recruitment of patients
started on the 1st of April 2009 and finished on the 15th of February
2010. Evaluation was closed on the 31st of January 201 1. Short time
survival was evaluated during this period.

Results: ACT was applied to 104 eligible patients (72 men, 32
women, median of age 64 years). All of them were treated as out-
patients. There were 41 (39.8%) smokers, 57 (55.3%) ex-smokers
and 5 (4.9%) non-smokers. Surgically determined stages were IB in
32 (30.8%) pts, I in 36 (34.6%) and 1A in 36 [34.6%). Histological
types of tumours were: squamous carcinoma in 58 (55.8%) pts, ade-
nocarcinoma in 29 (27.9%) pts, large cell carcinoma in 11 (10.6%)
pts and combined carcinoma in 6 (5.8%) pts. Altogether 401 cycles
(mean no. 3.82 per patient) were administered, 89.4% of patients
finished four cycles of planned ACT. The most frequent reasons for
patients ending in ACT prematurely were WHO grade 3/4 of tox-
icities: neutropenia in 10.3%, leucopenia in 5.0%, alopecia in 3.3%
and nausea in 4.0%. Relative dose intensity for vinorelbine was
B0.8% (according to the recommended escalated dose) and rela-
tive dose intensity for CBDCA was 95.4%. Median of follow-up was
11.7 months. After evaluation closing 91 (87.5%) pts have lived, out
of them 78 (75%) without recurrence of cancer. Out of those who
died, eleven died on lung cancer free on other cause.
Conclusions: ACT with CBDCA {AUC 5) and vinorelbine given orally
appears to be a feasible and tolerable regimen in radically resected
MNSCLC. Short time survival results are optimistic. Present study is
ongoing and the trends of overall survival, disease free interval and
other survival parameters will be evaluated in longer follow-up
period. .
Acknowledgement: This study was supported by Grant IGA MZ CR
MNT/ 13569 of the Czech Ministry of Health.
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Small cell lung cancer treatment in Paul Stradins Clinical
University Hospital (Riga, Latvia) - Update after 3 year follow
up

Viktors Kozirovskis*, Vija Bérzina, Aija Gerina-B&rzipa, Elina
skuja, Arturs Sorubalko, Gunta Purkalne. Paul Stradins Clinical
University Hospital, Riga. Latvia

Background: Study was conducted to analyze the treatment and
survival of small cell lung cancer (SCLC) patients in Paul Stradins
Clinical University Hospital.

Materials and methods: 100 patients diagnosed and treated with
SCLC in 2007 -2009 were analyzed retrospectively. Information was
collected from medical records, clinic's database and cancer reg-
istry. Kaplan-Meier survival curves were used to analyze survival
by cancer stage.

Results: 100 patients (90 men and 10 women) were identified. Lim-
ited disease [LD) was in 66, extensive disease (ED] - in 34 patients.
Median time from diagnosis to treatment was 16 days(range 0-96).
97 patients received 1stline chemotherapy, 29 patients received =2
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Table 1
Stage Patients Response Survival
R PR 5D PD Response rate (CR+FR) Median 05 (months) 1 year survival 2 year survival 3 year survival
LD 66 5 39 12 11 67% 10 47 14% 554
ED 34 1 15 E] 14 47 T T 0x -

lines of chemotherapy. Radiation therapy was used in 39 patients
forlocal control, in 15 for symptom relief, in 9 - prophylactic cranial
irradiation. Only 1 patient received concurrent chemoradiotherapy,
sequential approach was used mainly. Treatment results are shown
in Table 1. In 3 year follow up only 4 LD patients are still alive: 2
women [33%) with PR and 2 men (3%) with 1 PR and 1 CR.
Conclusions: Survival of SCLC patients in Paul Stradins Clinical
University Hospital was inferior when compared to literature data
(median 05 14-20 months and RR 70-90% for LD; 9-11 months
and 60-70% for ED). Several factors were identified to improve
treatment results:

(1) Time from diagnosis to beginning of treatment should be
reduced.

(2) Concurrent chemoradiotherapy should be used instead of
sequential approach in appropriate patients.

(3) Prophylactic cranial irradiation should be used more frequently
in case of complete/partial response.

Female gender and LD stage are good prognostic factors for long
term survival. CR is not a necessary condition for 3 year survival.

http: [{dx.doi.org/ 10.1016fj.Jungcan. 201 2.05.065

Start of lymph node metastases of non-small cell lung cancer
depended on cell ratio factors

0. Kshivets. Siauliai Hospital, Siauliai, Lithuania

Background: Significance of immune cell circuit for start of lymph
node metastases (N1) of non-small cell lung cancer (LC) was inves-
tigated.

Materials and methods: In trial (1987-2012) consecutive cases
after radical surgery (RO), monitored 182 LC patients (LCP)
(age=58.547.8 years, m=162, f=20; bi/lobectomies= 182, N2-
lymphadenectomies=182) with pathologic stage T1-2N0O-1MOD
(tumor size=3.5+1.5cm; squamous=97, adenocarcinoma=75,
large cell=10; T1=96, T2=86; NO=128, N1=54, N2=0; G1=50,
G2=73, G3=59). Variables selected for study were input levels
of immunity blood parameters, sex, age, TNMG. The percent-
age, absolute count and total population number {per human
organism) of T-lymphocytes (CD3), B-lymphocytes (CD19), helper
T-lymphocytes (CD4), suppressor] cytotoxic T-lymphocytes (CD8),
killer cells (CD16), precursor T-cells (CD1), activated T-cells
(CDw26), monocytes, helperfinducer T-lymphocytes (CD4 +2H),
contrasuppressor T-lymphocytes (CD8+VV), leukocytes, lym-
phocytes, eosinophils, stick and segmented neutrophils were
estimated. Differences between groups were evaluated using dis-
criminant analysis, clustering, structural equation modeling, Monte
Carlo, bootstrap simulation and neural networks computing.
Results: It was revealed that start of lymph node metas-
tases significantly depended on cell ratio factors (ratio between
blood cell subpopulations and cancer cells - CC): segmented
neutrophils/CC, lymphocytes/CC, monocytes/CC, leucocytes/CC,
CD3(CC, CD19/CC, CD4+2H/CC, CDBJCC. CD4/CC (p=0.001-0.023).
Meural networks computing, genetic algorithm selection and
bootstrap simulation revealed relationships of lymph node metas-
tases and eosinophils/CC (rank= 1), CD3/CC (rank=2), CD4 + 2H[CC
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(3), segmented neutrophils/CC (4), monocytes/CC (5), CD4/CC
(6), CDE+VV[CC (7), CD1JCC (8), CD19/CC (9), CDOW2E[CC (10),
stick neutrophils/CC (11}, CD8/CC (12), leucocytes/CC (13), lym-
phocytes/CC (14), CD16/CC (15). Correct detection of start of
lymph node metastases was 100% by neural networks computing
(error=0.000; area under ROC curve=1.0).

Conclusions: Start of lymph node metastases of non-small cell lung
cancer depended on cell ratio factors,

http:f/dx.doi.org/10.1016/j.lungcan.2012.05.066

Suppression of lung cancer cell growth in vitro and in vivo by
Leucine zipper/EF hand-containing transmembrane-1

Kyung-A. Lee '*, Kyeong-Nam Yu !, Seung-Hee Chang!,
Myung-Haing Cho ''2-%4.3, 1 Laboratory of Toxicology, College of
Veterinary Medicine, Seoul National University, Seoul, Republic of
Korea, 2 Department of Nanofusion Technology, Graduate School of
Convergence Science and Technology, Seoul National University,
Seoul, Republic of Korea, * Graduate Group of Tumor Biology, Seoul
National University, Seoul, Republic of Korea, 4 Center for Food Safety
and Toxicology, Seoul National University National Institute of Food
and Drug Safety, Secul, Republic of Korea, * Advanced Institute of
Convergence Technology, Seoul National University, Suwon, Republic
of Korea

Background: Leucine zipper/EF hand-containing transmembrane-
1 (LETM1) is a mitochondrial inner membrane protein that encodes
for the human homologue of yeast Mdm3&p. It is a mitochondria-
shaping protein of uncertain function. However, a previous study
showed that LETM1 served as an anchor protein for complex
formation between mitochondria and ribosome, and regulated
mitochondrial biogenesis.

Materials and methods: To observe the effects of adenovirus-
LETM1 in vitro and in vivo, we infected with adenovirus-LETM1 in
#5409 cells and on K-ras“*! mice by delivering the LETM1 via aerosol
through nose-only inhalation system.

Results: Overexpression of LETM1 could increase disruption of
mitochondria of lung cancer cells through decreasing ATP and
AMPEK activation. Furthermore, LETM1 also affected Akt signaling
and inhibited the cell cycle while apoptosis. These results estab-
lished that LETM1 suppressed lung cancer cell growth in vitro and
in vivo.

Conclusions: Adenovirus-mediated LETM1 may provide a useful
target for designing lung tumor prevention and treatment.
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