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KISA OZET

BERRAK HUCRELI RENAL HUCRELi KARSINOMADA YAG ASIT
METABOLIZMASI ILISKIiLi AMPK ve miR-33a IFADELERININ
KLINIKOPATOLOJIK PARAMETRELERLE ILiSKISININ TCGA VERI
SETINDE ve HUCRE HATLARINDA MOLEKULER DUZEYDE ANALIZi

Mustafa Zafer TEMiZ

Bobrek kaynakli en sik izlenen kanser olan ve lipid metabolizmasi ile yakindan
iligkili oldugu gosterilen berrak hiicreli renal hiicreli karsinom (BHRHK)’ da yag
asidi metabolizmasinin rolii, glnumuzde prognozu tahmin etmek ve tedavi
stratejilerini yonlendirebilmek amaciyla ¢ok sayida arastirmaya konu olmus ve
yeterli diizeyde kanitlara ulasmak i¢in halen yeni ¢alismalara konu olmaya devam
etmektedir.

Bu c¢aligmada, Kanser Genom Atlas1 (The Cancer Genome Atlas, TCGA) veri
bankas1 iizerinden, yag asit metabolizmasi ile iliskili olan 5’-adenozin monofosfat
(AMP) ile aktive edilmis protein kinaz (AMPK) ve yag asidi metabolizmasi ile
iliskisi en net agiklanan mikro RNA olan miR-33a ifadelerinin BHRHK olgularinda
Klinikopatolojik verilerle iligkisini arastirdik. Ardindan, hiicre hatt1 analizleriyle,
AMPK ve miR-33a ifadelerinin primer ve metastatik BHRHK hiicre hatlarinda
hiicresel dizeyde ifadelerini ve miR-33a modulasyonlarmimn hiicre igi lipid birikimi
uzerine etkilerini degerlendirdik. TCGA veri bankasinda kayitlh BHRHK olgularina
ait biyoinformatik veriler acik erisimli cBioPortal, UCSC Xena, UALCAN ve
Linkedomics veri portallar1 kullanilarak elde edildi. Bu portallardaki yerlesik
istatiksel metodlar ile AMPK 1 ve 2 genleri mRNA ifadeleri ile miR-33a ifade
seviyelerinin BHRHK olgularinda patolojik tiimor derecesi, patolojik tumdr T evresi,
N evresi ve M evresi, ve sagkalim gibi klinikopatolojik parametrelerle olan iliskileri
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irdelendi. Ayrica, miR-33a ve AMPKI1 ve 2 ifadeleri arasindaki korelasyonlar da
analiz edildi. Takiben, primer BHRHK kaynakli A-498 ve metastatik BHRHK
kaynakl1 Caki-1 hiicre hatlar1 ve kontrol hiicre hatt1 olarak kullanilan HEK-293 hiicre
hatlarinda immunoblotlama ile AMPK 1la alt {initesi protein seviyeleri ve kantitatif
gercek zamanli polimeraz zincir reaksiyonu (Real-Time Quantitative Reverse
Transcription PCR, qRT-PCR) ile miR-33a ifadeleri belirlendi. Son agsamada ise,
miR-33a mimik ve anti-miR-33a  trasnfeksiyonlar1  sonrast miR-33a
modiilasyonlarmin bu hiicre hatlarinda hiicre i¢i lipid birikimleri iizerine etkileri
BODIPY ve es zamanli DAPI floresan boyama yontemiyle degerlendirildi.

TCGA analiz sonuglarma goére; BHRHK olgularinda primer tiimdér dokularinda
AMPK 1 ve 2 mRNA ifadelerinin normal doku Orneklerine kiyasla biiyiik oranda
anlamli azalma sergiledikleri izlendi. Tumor patolojik derecesi ve T evresi
ilerledikce bu azalmalar daha da belirginlesme egilimindeydi. Benzer sekilde lenf
nodu tutulumu ve metastazl olgularda da anlamli derecede daha az ifade edildikleri
gozlendi. Ayrica, azalmis AMPK 1 ve 2 mRNA ifadelerinin BHRHK olgularinda
daha kotii sag kalim sonuglar1 ile iliskili oldugu saptandi. Protein diizeyinde ise
primer timorlld dokularda AMPK 1 protein ifadesinin normal dokulara oranla
anlamli derecede yiiksek, AMPK 2 protein ifadesinin ise anlamli derecede diisiik
oldugu belirlendi. Artrms AMPK 1 protein ifadesi artan tumor T evresi ile birlikte
daha da artma egilimindeydi. miR33-a ifadeleri irdelendiginde primer timor
dokularinda normal doku orneklerine kiyasla anlamli derecede azalmis miR-33a
ifadesi izlenirken, BHRHK’ ya ait primer tiimoér doku Orneklerinde T evresi
ilerledikce miR-33a ifadesinin artma egiliminde oldugu belirlendi. Bu dokularda,
ayrica, miR-33a ile AMPK 1 ve 2 mRNA ifadeleri arasindaki negatif yonde zayif
korelasyonlarin oldugu saptandi. Ancak, alt grup analizlerinde bu korelasyonlarin
yiksek T evreli olgularda olmadigi belirlendi. Hiicre hatlar1 analizlerimizde ise;
AMPK la protein ve miR-33a ifade diizeylerinin, daha agresif olan metastatik Caki-
1 hicrelerinde A-498 primer tiimor hiicrelerine oranla anlamli derecede daha yiiksek
oldugu belirlendi. miR-33a mimik transfeksiyonlarma bagl olarak hiicre i¢i lipid
iceriginde  belirgin  degisim  olmadig1  gézlemlenirken, anti-miR-33a
transfeksiyonlarmin A-498 ve Caki-1 hiicrelerinde hiicre i¢i dogal lipid oraninda
azalmaya sebep oldugu izlendi. Ote yandan, hiicre ici lipid diizeyindeki azalma
AMPK la protein seviyesi daha yiiksek olan metastatik Caki-1 hicrelerinde daha
fazlayda.

Bulgularimiz, BHRHK patogenezinde yag asit metabolizmasi iligkili AMPK ve miR-
332’ nin erken evre ve ileri evre hastalikda farkli karmasik rollleri olabilecegini
diisiindiirecek kanitlar olarak ele alnabilir. Hiicre hatlarindan elde etti§imiz
sonuglara gore, AMPK 1la protein seviyesi daha yiiksek olan metastatik hicrelerde
anti-miR-33a ile mudahelenin hiicre ici lipid birikimini 6nemli 6lglide azalttig
saptandi. Sonug olarak bulgularimiz, miR-33a’ nin ileri evre BHRHK tedavisinde
potansiyel bir hedef olabilecegini desteklemekle birlikte, bu konuda daha net
sonuglar i¢in miR-33a’ nin hiicre sagkalimi iizerine etkilerinin de ayrint1 irdelenmesi
gerekmektedir.

Anahtar Sozcukler: Bobrek Kanseri, Yag Asit Metabolizmasi, AMPK, miR-33a.
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ABSTRACT

MOLECULAR ANALYSIS OF THE RELATIONSHIP BETWEEN
FATTY ACID METABOLISM RELATED AMPK AND miR-33a
EXPRESSIONS AND CLINICOPATHOLOGICAL PARAMETERS IN
CLEAR CELL RENAL CARCINOMA IN THE TCGA DATA SET AND
CELL LINES

Mustafa Zafer TEMiZ

The role of fatty acid metabolism in clear cell renal cell carcinoma (ccRCC), which
is the most common cancer of kidney origin and has been shown to be closely related
to lipid metabolism, has been the subject of numerous studies to predict prognosis
and guide treatment strategies and continues to be the subject of new studies to
provide sufficient evidence.

In this study, we investigated the expression levels of 5’-adenosine monophosphate
(AMP)-activated protein kinase (AMPK), which is associated with fatty acid
metabolism, and miR-33a, the micro RNA most clearly associated with fatty acid
metabolism, in patients with ccRCC. The associations between clinicopathological
characteristics and these expression characteristics in ccRCC patients included in
The Cancer Genome Atlas (TCGA) database were also investigated. We then used
cell line analyses to evaluate the expression of AMPK and miR-33a at the cellular
level in primary and metastatic ccCRCC cell lines and the effects of miR-33a
modulations on intracellular lipid accumulation. Bioinformatic data of ccRCC cases
from the TCGA database were obtained from the open access data portals
cBioPortal, UCSC Xena, UALCAN, and Linkedomics. Using statistical methods
built into these portals, the associations of AMPK 1 and 2 gene mRNA expression
and miR-33a expression levels with clinicopathological parameters such as
pathological tumor grade, pathological tumor T stage, N stage, and M stage, and
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survival in ccRCC cases were evaluated. Correlations between miR-33a and AMPK
1 and 2 expression were also analyzed. Subsequently, AMPK 1la subunit protein
levels by immunoblotting and miR-33a expression by quantitative real-time
quantitative reverse transcription PCR (qRT-PCR) were determined in primary
ccRCC-derived A-498 and metastatic ccRCC-derived Caki-1 cell lines and HEK-293
cell lines used as control cell lines. Finally, the effects of miR-33a modulations on
intracellular lipid accumulation in these cell lines after miR-33a mimic and anti-miR-
33a transfections were evaluated by BODIPY and simultaneous DAPI fluorescent
staining.

According to the results of the TCGA analysis, AMPK 1 and 2 mRNA expressions in
primary tumor tissues of ccRCC cases showed a significant decrease compared to
normal tissue samples. These decreases tended to be more pronounced with
increasing tumor pathologic grade and T stage. Similarly, significantly lower
expression was observed in patients with lymph node involvement and metastases.
Furthermore, decreased AMPK 1 and 2 mRNA expression was associated with
worse survival outcomes in patients with ccRCC. At the protein level, AMPK 1
protein expression was significantly higher and AMPK 2 protein expression was
significantly lower in primary tumor tissues compared to normal tissues. Moreover,
increased AMPK 1 protein expression tended to increase with tumor stage. When
miR-33a expression was examined, it was found that miR-33a expression was
significantly decreased in primary tumor tissues, while miR-33a expression tended to
increase in tumor tissues as T stage progressed. In evaluating the relationship
between miR-33a and AMPK 1 and 2 mRNA expressions, it was found that there
were weak negative correlations in tumor tissues. However, subgroup analyses
revealed that these correlations were not present in high T stage cases. In our cell line
analyses, AMPK la protein and miR-33a expression levels were significantly higher
in the more aggressive metastatic Caki-1 cells compared to primary A-498 tumor
cells. While no significant change in intracellular lipid content was observed by miR-
33a mimic transfections, anti-miR-33a transfections caused a decrease in
intracellular natural lipid content in A-498 and Caki-1 cells. On the other hand, the
decrease in intracellular lipid levels was greater in metastatic Caki-1 cells with
higher AMPK 1a protein levels.

Our findings suggest that fatty acid metabolism-related AMPK and miR-33a may
have different complex roles in the pathogenesis of ccRCC in early stage and
advanced disease. According to our results from cell lines, intervention with anti-
miR-33a significantly reduced intracellular lipid accumulation in metastatic cells
with higher AMPK 1la protein levels. In conclusion, our findings support that miR-
33a may be a potential target in the treatment of advanced ccRCC, but the effects of
miR-33a on cell survival should also be examined in detail for clearer results.
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