ARTUR WROBEL-ROZTROPINSKI

OCENA EKSPRESJI GENOW BIALEK MACIERZY
ZEWNATRZKOMORKOWEJ METALOPROTEINAZ MMP-2,
MMP-7, MMP-9 ORAZ ICH TKANKOWEGO INHIBITORA
TIMP-2 U CHORYCH NA RAKA JAMY USTNEJ I GARDLA

Rozprawa doktorska

Promotor: Prof. dr hab. n. med. Magdalena Jozefowicz-Korczynska

Promotor pomocniczy: dr n. med. Bogna Zielinska — Kazmierska

ZAKLAD UKELADU ROWNOWAGI
| KATEDRA OTOLARYNGOLOGII
UNIWERSYTET MEDYCZNY W LODZI

L.ODZ 2022

UNIWERSYTET
MEDYCZNY
W LtODZI



1.STRESZCZENIE

Rak jamy wustnej i1 gardta charakteryzuje si¢ szybka progresja 1 zwigzanym z tym
niekorzystnym rokowaniem. Wraz z zaawansowaniem procesu nowotworowego leczenie
chirurgiczne pacjentéw skutkuje znacznymi deformacjami w obrebie tkanek mickkich twarzy
1 kos$ci czesci twarzowej czaszki, jak rowniez powoduje znaczne zaburzenia funkcji narzadu
mowy 1 zucia. Wptywa to na obnizenie jako$ci zycia pacjentdw jak rowniez na ich wycofanie
si¢ z relacji spotecznych. Udowodniono, ze wzrost i inwazja guzow nowotworowych zalezg
od rébwnowagi miedzy czynnikami wptywajacymi na degradacje¢ i podtrzymanie otaczajacych
tkanek. Za rozktad macierzy pozakomorkowej odpowiedzialne sg enzymy proteolityczne,
wérod ktorych szczegdlng role wydaja sie odgrywaé metaloproteinazy. Zdobywanie wiedzy
na temat uwarunkowan genetycznych i mechanizmoéw molekularnych lezacych u podtoza
choroby nowotworowej moze by¢ pomocne w indywidualizacji rokowania a takze wyborze
najkorzystniejszej metody leczenia zarowno podstawowego jak i uzupetniajacego u chorych

na raka jamy ustnej.
Cele:

1. Analiza ekspresji gendow metaloproteinaz: MMP-2, MMP-7, MMP-9 oraz ich
inhibitora TIMP-2 na poziomie mRNA u chorych na raka jamy ustnej i gardta oraz
ocena ekspresji genéw na poziomie biatek metaloproteinaz MMP-2, MMP-7, MMP-9
oraz ich inhibitora TIMP-2

2. Analiza wybranych polimorfizméw w genach MMP-2, MMP-7, MMP-9 i TIMP-2

3. Analiza zwigzkéw migdzy cechami kliniczno-morfologicznymi w rakach jamy ustnej i

gardfa a badanymi parametrami molekularnymi

Materiaty 1 metody

Do badania wlaczono 40 pacjentow (5 kobiet i 35 me¢zczyzn) w wieku 65 + 8,9 lat
leczonych chirurgicznie z powodu nowotworéow ztosliwych jamy ustnej 1 gardta Na
podstawie badania klinicznego oraz badan obrazowych oceniano rozmiar guza
nowotworowego, status weztow chtonnych oraz stopien zaawansowania nowotworu oraz
zbierano wywiad dotyczacy danych pacjentow.

Materiat pooperacyjny poddano badaniom histopatologicznym. Dotyczyly one oceny

typu nowotworu 1 jego stopnia zréznicowania histologicznego. Od wszystkich pacjentéw



pobrano krew oraz fragmenty zdrowych tkanek bedace grupa kontrolng. Materiat badawczy
zostal poddany analizie molekularne;.

Analiza ekspresji genow metaloproteinaz MMP-2, MMP-7, MMP-9 oraz ich
inhibitora TIMP-2 na poziomie mRNA zostala wykonana metodg iloSciowg PCR(reakcja
tancuchowa polimerazy od ang. polymerasechainreaction) w czasie rzeczywistym (real time
PCR).

Ocena ckspres;ji krazacych w surowicy krwi biatek metaloproteinaz oraz ich inhibitora
wykonana zostata za pomoca testu immunoenzymatycznego podwodjnego wigzania - sandwich
ELISA(ang. enzyme-linkedimmunosorbentassay). Badania te wykonano w dwoch grupach —
u pacjentdw z rozpoznanym nowotworem zlo$liwym jamy ustnej lub gardta oraz w grupie
kontrolnej oso6b zdrowych. DNA ekstrahowano z tkanki nowotworowej zgodnie ze
standardowg metodg kwas-guanidyna-fenol-chloroform (GTC).Zebrane wyniki poddano
analizie statystycznej.

Wyniki

W  badanej grupie pacjentow  przeanalizowano dane epidemiologiczne.
Dokonanooceny ekspresji genéw metaloproteinaz MMP-2, MMP-7, MMP-9 i inhibitora
TIMP-2 na poziomie mRNA, oceny stezenia ich biatek, analize¢ wybranych polimorfizmow
oraz zwiazkow miedzy cechami kliniczno-morfologicznymi w rakach jamy ustnej i gardla a
badanymi parametrami molekularnymi. Trzydziestu pacjentow (75%) zgtosito w wywiadzie
rodzinnym obcigzenie genetyczne-

Najliczniejsza grupg 23 osob (57,5%) stanowily osoby, ktore wypalaly wigcej niz 21
sztuk papieroséw/dzien. Biorgc pod uwage czas trwania nalogu, najliczniejsza grupa, 32
osoby (80%) ktore palilty papierosy dtuzej niz 21 lat. Informacje dotyczace picia alkoholu
wskazaty, ze 27 0s6b (67,5%), spozywalo alkohol raz lub wigcej razy w tygodniu.

U 32 pacjentéw (80%) na podstawie wyniku badania histopatologicznego okreslono
stopien ztosliwosci nowotworu jako G2. Byla to najliczniej reprezentowana grupa chorych. U
6 0s0b (15%) rozpoznano nowotwor ztosliwy, o stopniu ztosliwosci G3, a tylko u 2 chorych
(5%) o stopieniu G1. W badanej grupie wznowa dotyczyta 10 0sob (25%).

Najliczniej rozpoznano nowotwoér zto§liwy jezyka u 26 osob (65%). Mniej liczna
grupa obejmowata chorych z nowotworem zto§liwym bocznej $ciany gardta — 9 badanych
(22,5%), au 5 0sob (12,5%) zdiagnozowano nowotwor ztosliwy w innej okolicy jamy ustne;.
U 19 o0s6b rozpoznano przerzuty raka ptaskonabtonkowego do weztéw chtonnych w badaniu

histopatologicznym pooperacyjnego preparatu.



Podczas oceny ekspresji genow analizowanych metaloproteinaz na poziomie mRNA
Zaobserwowano, ze ich $redni poziom w tkankach nacieku nowotworowego byl istotnie
statystycznie wyzszy niz w tkankach zdrowych, grupy kontrolnej (p<0.0001). Najwigkszy
sredni poziom ekspresji dotyczyt MMP-2 i wynosit 0,55 ng/ml + 0,17. Drugi co do wielkosci
sredni poziom ekspresji genu w tkankach nowotworowych odnotowano dla metaloproteinazy
MMP-9 — 0,27 ng/ml + 0,14. W tkankach zdrowych byt on istotnie nizszy i wynosit on 0,14
ng/ml + 0,04 (p<0,0001). Dla metaloproteinazy MMP-7 $rednia warto$¢ ekspresji W tkankach
pobranych z guzow i1 w grupie kontrolnej wynosita odpowiednio: 0,25 ng/ml + 0,06 1 0,14
ng/ml + 0,06. Tutaj rowniez zaobserwowano istotnie statystyczng rdznice pomiedzy
poziomem ekspresji MMP-7 w tkankach z naciekiem nowotworowym i bez zmian
patologicznych (p<0.0001).

W przypadku tkankowego inhibitora proteinaz TIMP-2 $rednie warto$ci ekspres;ji
genéw w tkankach pobranych z guzéw nowotworowych wynosity 0,24 ng/ml + 0,08, a w
tkankach zdrowych — 0,49 ng/ml £ 0,16. Odwrotnie niz w przypadku metaloproteinaz,
poziom ekspresji genow dla TIMP-2 na poziomie mRNA byt nizszy w tkankach nacieku
nowotworowego niz w tkankach zdrowych (p<0.0001).

Po przeanalizowaniu $redniego stezenia bialek metaloproteinaz MMP-2, MMP-7,

MMP-9 w grupie chorych z ptaskonabtonkowymi nowotworami zlosliwymi jamy ustnej i
gardta okazato sie, ze w ich surowicy bylo ono istotnie statystycznie wyzsze niz w surowicy
0s6b zdrowych (p<0,0001).
W grupie oséb chorych najwyzsze $rednie st¢zenie metaloproteinaz zaobserwowano dla
MMP-2, ktore wynosito 865,83 ng/ml + 238,52. W grupie kontrolnej 0osob zdrowychbyto ono
rowne 483,58 + 94,49 1 bylo istotnie statystycznie nizsze niz u badanych z rozpoznanym
nowotworowem (p<0,0001).

Srednie stezenie metaloproteinazy MMP-9 wynosito 302,15 ng/ml + 90,61. Natomiast
w surowicy 0sob zdrowych stezenie MMP-9 bylo rowne 166,83 ng/ml £36,57(p<0,0001).

Srednia warto$¢ stezenia biatek MMP-7 w surowicy chorych z nowotworami wynosita
238,73 + 48,40, a w grupie kontrolnej osoéb zdrowych wynosita 148,08 + 38,02. Rowniez w
tym przypadku odnotowano istotnie statystycznie réznice pomi¢dzy Srednim stgzeniem biatek
MMP-7 w surowicy chorych z rozpoznanym nowotworem i w surowicy osob zdrowych
(p<0,0001)

Dla tkankowego inhibitora TIMP-2 $rednie warto$ci st¢zenia bialek dla surowicy
grupy badanej i os6b zdrowych wynosity odpowiednio — 65,70 + 24,45 1 129,68 + 77,21.

Rowniez dla inhibitora TIMP-2 wykazano istotnie statystycznie roznicg - we krwi pacjentow
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leczonych z powodu nowotwordéw zlosliwych jego stezenie bylo nizsze niz we krwi oséb
zdrowych (p<0,0001).

Podczas analizy wybranych polimorfizméw w genach metaloproteinaz i ich inhibitora
tkankowego nie zaobserwowano zadnych istotnych statystycznie zalezno$ci. Na podstawie
dokonanych analiz zwigzkéw miedzy cechami kliniczno-morfologicznymi w rakach jamy
ustnej i gardta a parametrami molekularnymi wykazano istnienie istotnego statystycznie (p=
0,0238) zwigzku miedzy wiekiem pacjentow wiaczonych do badania a ekspresja mRNA
MMP-2. Wraz ze wzrostem wieku pacjentow zmniejszato si¢ wartoS¢ mRNA MMP-2.

Istotna statystycznie okazata si¢ rowniez zalezno$¢ migdzy diugoscig palenia a
ekspresja mRNA MMP-2 (p=0,019). Nizsza wartos¢ mRNA MMP-2 wystepuje w przypadku
0sob, ktore pality papierosy dtuzej niz 20 lat.

Zebrane dane wykazaly, ze istotny statystycznie zwigzek wystgpuje miedzy liczba
przerzutow do weztéw chilonnych (parametr N) a wartosciag mRNA MMP-7 (p=0,100). Im
wieksza liczbe przerzutow wykryto u pacjentow, tym mniejsza byta ekspresja mRNA MMP-
7.

Zebrane dane wskazuja takze zwigzek migdzy plcig a biatkiem MMP-7 (p= 0,0045).
Wyzsze warto$ci tego biatka MMP-7 obserwowane sa u kobiet.

Whioski

Uzyskane wyniki pozwolily na sformutowanie nastepujacych wnioskow:

1. Stwierdzono nadmierng ekspresje genéw metaloproteinaz: MMP-2, MMP-7 i MMP-9,
jak rowniez obnizong ekspresje gendw ich inhibitora TIMP-2 na poziomie mRNA
oraz bialek, co sugeruje ich znaczaca role w procesie nowotworzenia u chorych z
rakiem jamy ustnej i gardla.Pomiar stezenia MMP-2, MMP-7, MMP-9 i TIMP-2 w
surowicy moze by¢ pomocny w diagnozowaniu raka ptaskonabtonkowego jamy ustnej
1 gardla

2. Wystgpowanie analizowanych polimorfizméw pojedynczych nukleotydow w genach
metaloproteinaz MMP-2, MMP-7, MMP-9 i ich inhibitora TIMP-2 nie byto zwigzane
z wystepowaniem raka jamy ustnej lub gardia, a zatem $wiadczy to o tym, iZ moga
by¢ funkcjonalnie neutralne.

3. Wraz z zaawansowaniem procesu klinicznego poziom ekspresji  gendow
metaloproteinaz MMP-2, MMP-9 i TIMP-2 na poziomie mRNA i biatka nie wzrasta.
Zaobserwowano, iz wzrost liczby weztéw chitonnych z przerzutami zwigzany jest z

nizsza ekspresja metaloproteinazy MMP-7 na poziomie mRNA.



2. ABSTRACT

Squamous cell carcinoma of oral cavity and pharynx are characterized by rapid progression
and associated with unfavourable prognosis. Along with the advancement of the neoplastic
process, surgical treatment of patients results in significant deformations of the soft tissues of
the face and bones of the facial part of the cranium, as well as significantly disturbs the
functions of the speech and chewing organs. This affects the quality of life of patients as well
as it result in their withdrawal from social relations. It has been proven that the growth and
invasion of neoplastic tumors depend on the balance between the factors influencing the
degradation and maintenance of the surrounding tissues. Proteolytic enzymes are responsible
for the decomposition of the extracellular matrix, among which metalloproteinases seem to
play a special role. It seems that the obtained data will provide knowledge on the genetic
determinants and understanding the molecular mechanisms underlying the neoplastic disease,
and would be helpful in individualizing the prognosis and choosing the most beneficial
method of both primary and adjuvant treatment in patients with oral cavity cancer.

Obijectives:

1. Analysis of the expression of genes of metalloproteinases: MMP-2, MMP-7, MMP-9
and their TIMP-2 inhibitor at the mRNA level in patients with squamous cell
carcinoma of oral cavity and pharynx, and evaluation of gene expression of
metalloproteinases MMP-2, MMP-7 and MMP-9, and their inhibitor TIMP-2at the
protein level ,

2. Analysis of selected polymorphisms in MMP-2, MMP-7, MMP-9 and TIMP-2 genes

3. Analysis of the relationship between clinical and morphological features in squamous
cell carcinoma of oral cavity and pharynx, and the investigated molecular parameters

Material and methods

The study included 40 patients (5 women and 35 men) aged 65 + 8.9 years treated surgically
for squamous cell carcinoma of oral cavity and pharynx. The clinical examination and
imaging tests assessed the tumour size, lymph node status, and tumour stage. Also, the
patient's data was collected.

The postoperative material was subjected to histopathological examination, where the tumour
type and its degree of histological differentiation were assessed. Blood samples and healthy
tissue fragments were collected from all patients. The collected materials were subjected to

molecular analysis.



Analysis of the expression of genes of metalloproteinases MMP-2, MMP-7, and MMP-9 and
their inhibitor, TIMP-2, at the mRNA level was performed by quantitative PCR (polymerase
chain reaction) in real-time (real-time PCR).

The expression of circulating proteins of metalloproteinases and their inhibitor was assessed
using the enzyme-linked immunosorbent assay (ELISA). Examinations were performed in
two groups - in patients with diagnosed squamous cell carcinoma of oral cavity and pharynx,
and the control group of healthy people.DNA was extracted from tumour tissue according to
the standard acid-guanidine-phenol-chloroform method (GTC).The collected results were
analyzed statistically.

Results

Epidemiological data, were analyzed in the studied group of patients. In addition,
MmRNAgenes expressionof metalloproteinases MMP-2, MMP-7, MMP-9, and the inhibitor
TIMP-2, the concentration of their proteins, the analysis of selected polymorphisms, and the
relationship between clinical and morphological features in squamous cell carcinoma of oral
cavity and pharynx, and the investigated molecular parameters were also performed.

Thirty patients reported a genetic burden in their family history, constituting 75% of all
people.The most numerous group (23 people) were people who smoked more than 21
cigarettes a day - 57.5% of patients. Considering the duration of addiction, the most numerous
group, 32 people, smoked for more than 21 years (80%).Information on drinking alcohol
indicated that 27 people (67.5%) consumed alcohol once or more times a week.

In 32 patients (80%), the grade of malignancy was defined as G2 based on the
histopathological examination results. It was the most numerous group of patients. The
malignant neoplasm was diagnosed in 6 (15%) patients, the grade of malignancy was assessed
as G3, and only in 2 patients (5%), the malignancy was classified as G1. In the studied group,
recurrence occurred in 10 people, constituting 25% of all patients.

Squamous cell carcinoma of oral cavity was diagnosed most frequently (in 26 people),
constituting 65% of all patients. A smaller group consisted of patients with squamous cell
carcinoma of the side of pharynx - 9 subjects (22.5%) and five subjects (12.5%) were
diagnosed with malignant neoplasms elsewhere in the oral cavity. Nineteen subjects were
diagnosed with metastases of squamous cell carcinoma to the lymph nodes in the
histopathological examination of the post-resection sample.

During the evaluation ofmRNA gene expression of the analyzed metalloproteinases, it was
observed that their average level in the tissues of the neoplastic infiltration was statistically

significantly higher than in the healthy tissues constituting the control group (p <0.0001). The
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highest mean expression level was for MMP-2 and was 0.55 ng/ml + 0.17. The second-largest
mean value of gene expression in neoplastic tissues was recorded for MMP-9 - 0.27 ng/ml +
0.14. In healthy tissues, it was significantly lower, and it was 0.14 ng/ml + 0.04 (p <0.0001).
For the MMP-7 metalloproteinase, the mean value of the expression in tissues collected from
tumours and in the control group was 0.25 ng/ml = 0.06 and 0.14 ng/ml + 0.06, respectively.
Here, too, a statistically significant difference was observed between the expression level of
MMP-7 in tissues with neoplastic infiltration and without pathological changes (p <0.0001).

In the case of the TIMP-2 proteinases inhibitor, the mean values of gene expression in tissues
collected from neoplastic tumours were 0.24 ng/ml + 0.08, and in healthy tissues - 0.49 ng/ml
+ 0.16. Contrary to the case of metalloproteinases, the level of mRNA gene expression for
TIMP-2 was lower in the tissues of the neoplastic infiltration than in healthy tissues (p
<0.0001).

After analysing the mean concentration of the MMP-2, MMP-7, and MMP-9
metalloproteinases in the group of patients with squamous cell carcinoma of oral cavity and
pharynx, it turned out that in their serum, concentration was statistically significantly higher
than that of healthy subjects (p <0.0001).

In the group of patients, the highest mean concentration of metalloproteinases was observed
for MMP-2, which was 865.83 ng/ml + 238.52. Also, the average concentration of this
metalloproteinase among healthy people was high compared to the other analyzed protein
concentrations. In the control group, it was equal to 483.58 + 94.49 and was statistically
significantly lower than in the patients diagnosed with cancer (p <0.0001).

A much lower mean concentration was observed for the MMP-9 metalloproteinase. It was
302.15 ng/ml £+ 90.61. However, in the serum of healthy subjects, the concentration of MMP-
9 was 166.83 ng/ml + 36.57. The comparison of the mean MMP-9 concentration values in
group of patients with neoplasms and healthy people turned out to be statistically significant
(p <0.0001).

The mean concentration value of MMP-7 protein in the serum of cancer patients was 238.73 +
48.40, and in the control group of healthy people, it was 148.08 + 38.02. Also, in this case,
there was a statistically significant difference between the mean concentration of MMP-7
proteins in the serum of patients with diagnosed cancer and the serum of healthy people (p
<0.0001).

For the tissue inhibitor TIMP-2, the mean values of protein concentration for the serum of the
study group and healthy subjects were 65.70 + 24.45 and 129.68 + 77.21, respectively. Also,
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for the inhibitor TIMP-2, a statistically significant difference was shown. Its concentration in
patients' blood was lower than in the blood of healthy people (p <0.0001).

No statistically significant relationships were observed during the analysis of selected
polymorphisms in the genes of metalloproteinases and their tissue inhibitor.

Based on the analysis of the relationship between the clinical and morphological features in
squamous cell carcinoma of oral cavity and pharynx, and the molecular parameters, a
statistically significant (p = 0.0238) relationship between

n the age of the patients included in the study and the expression of MMP-2 mRNA was
demonstrated. The value of MMP-2 mRNA decreased with the increasing age of the patients.
The relationship between the duration of smoking and the expression of MMP-2 mRNA (p =
0.019) also turned out to be statistically significant. Lower MMP-2 mRNA values occur in
people who have smoked for more than 20 years.

The collected data showed a statistically significant relationship between the number of
lymph node metastases (parameter N) and the value of MMP-7 mRNA (p = 0.100). The
greater the number of metastases detected in patients, the lower the expression of MMP-7
mRNA.

The collected data also indicate a relationship between gender and the MMP-7 protein (p =
0.0045). Higher values of this MMP-7 protein are observed in women.

Conclusions:

1. Overexpression of the genes of metalloproteinases: MMP-2, MMP-7 and MMP-9, as well
as reduced mRNA and protein genes expression of their inhibitor TIMP-2 suggests their
significant role in the neoplastic process in patients with oropharyngeal cancer. Measurement
of serum concentrations of MMP-2, MMP-7, MMP-9, and TIMP-2 may be helpful in the
diagnosis of oropharyngeal squamous cell carcinoma

2. The occurrence of the analyzed single nucleotide polymorphisms in the genes of the
metalloproteinases MMP-2, MMP-7, and MMP-9 and their inhibitor TIMP-2 was not
associated with the occurrence of squamous cell carcinoma of oral cavity and pharynx, and
therefore it indicates that they may be functionally neutral.

3. With the advancement of the clinical process, the expression level of the metalloproteinases
MMP-2, MMP-9, and TIMP-2 genes at the mRNA and protein level does not increase. It has
been observed that the increase in the number of lymph nodes with metastases is associated
with a lower expression of the MMP-7 metalloproteinase at the mRNA level.
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