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pL
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M
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3D-CRT
5-FU
ABS
AlIS
AJCC
AMPK
ANC
Annexin V-FITC
apo B100
apo E
ASCCP
ATP
BAX
Bcl-2 / Bel2
Bcel-x1
BT
CaSki / CaSki
CcC
CDDP
CDK
CDKNI1B
cDNA
CI
CIN
CIS
CKC
cm?

s C g

Sllais] s ,ed

Degree Celsius
Microgram
Microgram per milliliter
Microliter
Micrometer
Micromolar
18S ribosomal RNA
28S ribosomal RNA
Three-dimensional conformal radiotherapy
5-Fluorouracil
American Brachytherapy Society
Adenocarcinoma in situ
American Joint Committee on Cancer
AMP-activated protein kinase
Absolute neutrophil count
Annexin V conjugated with fluorescein isothiocyanate
Apolipoprotein B100
Apolipoprotein E
American Society for Colposcopy and Cervical Pathology
Adenosine triphosphate
BCL2-associated X apoptosis regulator
B-cell lymphoma 2
B-cell lymphoma-extra large
Brachytherapy
CaSki cervical cancer cell line
Cervical cancer
cis-Diamminedichloroplatinum(II) / Cisplatin
Cyclin-dependent kinase
Cyclin-dependent kinase inhibitor 1B
Complementary DNA
Combination index
Cervical intraepithelial neoplasia
Carcinoma in situ
Cold knife conization
Square centimeter



CO,
CoA

CPT-11
CT
CTV
CTV1
CTV2
CTV3
CYP
CYP2C19
CYP2C9
CYP3A4
DDR
DEPC
DMSO
DNA
dANTP
EBRT
EDTA
ELISA
EMBRACE
EQD2
FACS
FBS
FDA
FITC
FL1
FL3
FPP
GAPDH
GEC-ESTRO
GGPP
GOG
GTPase
GTV
Gy
HDL
HDR
HeLa/HeLa
HER2/neu
HFF2
HFFF2
HIV
HMG-CoA
HMGCR
HPV
HR-CTV
IC10
1C20

Carbon dioxide
Coenzyme A
Irinotecan / Camptothecin-11
Computed tomography
Clinical target volume
Clinical target volume 1
Clinical target volume 2
Clinical target volume 3
Cytochrome P450
Cytochrome P450 family 2 subfamily C member 19
Cytochrome P450 family 2 subfamily C member 9
Cytochrome P450 family 3 subfamily A member 4
DNA damage response
Diethyl pyrocarbonate
Dimethyl sulfoxide
Deoxyribonucleic acid
Deoxynucleotide triphosphate
External beam radiotherapy
Ethylenediaminetetraacetic acid
Enzyme-linked immunosorbent assay
MRI-guided brachytherapy study in locally advanced cervical cancer
Equivalent dose in 2-Gy fractions
Fluorescence-activated cell sorting
Fetal bovine serum
Food and Drug Administration
Fluorescein isothiocyanate
Fluorescence channel 1
Fluorescence channel 3
Farnesyl pyrophosphate
Glyceraldehyde-3-phosphate dehydrogenase

Groupe Européen de Curiethérapie—European Society for Radiotherapy and Oncology

Geranylgeranyl pyrophosphate
Gynecologic Oncology Group
Guanosine triphosphatase
Gross tumor volume
Gray
High-density lipoprotein
High dose rate
Henrietta Lacks cervical cancer cell line

Human epidermal growth factor receptor 2 / neuroblastoma-derived oncogene homolog

Human foreskin fibroblast cell line 2
Human foreskin fibroblast cell line 2
Human immunodeficiency virus
3-hydroxy-3-methylglutaryl coenzyme A
3-hydroxy-3-methylglutaryl-CoA reductase
Human papillomavirus
High-risk clinical target volume
Inhibitory concentration causing 10% inhibition/effect
Inhibitory concentration causing 20% inhibition/effect



1C30
1C40
1C50
ICBT
ICRU
IMRT
INR
IR-CTV
ITV
LDL
LDL-C
LDR
LEEP
LR-CTV
LVI
MAPK
mL
mM
M-MLV
MRI
mRNA
mTOR
MTT
nM
OAR

OATP1B1/OATPBI1
OATP1B3/ OATPB3

OD
0D260/0D230
0D260/0D280

p27 /P27
p53 /P53
PARP
PBS
PCR
PD-1
PET
PET/CT
P-gp
PI
PI3K/Akt
PI3K/Akt/mTOR
PTV
PTV1
PTV2
Q1-Q4
qPCR
QUANTEC
Ras

Inhibitory concentration causing 30% inhibition/effect
Inhibitory concentration causing 40% inhibition/effect)
Half-maximal inhibitory concentration
Intracavitary brachytherapy
International Commission on Radiation Units and Measurements
Intensity-modulated radiotherapy
International normalized ratio
Intermediate-risk clinical target volume
Internal target volume
Low-density lipoprotein
Low-density lipoprotein cholesterol
Low dose rate
Loop electrosurgical excision procedure
Low-risk clinical target volume
Lymphovascular invasion
Mitogen-activated protein kinase
Milliliter
Millimolar
Moloney murine leukemia virus
Magnetic resonance imaging
Messenger RNA
Mechanistic target of rapamycin
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
Nanomolar
Organs at risk
Organic anion transporting polypeptide 1B1
Organic anion transporting polypeptide 1B3
Optical density
Optical density ratio at 260 and 230 nm
Optical density ratio at 260 and 280 nm
p27Kipl protein encoded by CDKN1B
Tumor protein p53
Poly(ADP-ribose) polymerase
Phosphate-buffered saline
Polymerase chain reaction
Programmed cell death protein 1
Positron emission tomography
Positron emission tomography/computed tomography
P-glycoprotein
Propidium iodide
Phosphoinositide 3-kinase/protein kinase B pathway

Phosphoinositide 3-kinase/protein kinase B/mechanistic target of rapamycin pathway

Planning target volume
Planning target volume 1
Planning target volume 2
Quadrants 1 to 4 in flow cytometry dot plot
Quantitative polymerase chain reaction
Quantitative Analyses of Normal Tissue Effects in the Clinic
Rat sarcoma viral oncogene homolog family



Rho / RhoA
RNA
RNase
rpm
RPMI 1640
RTOG
RT-PCR
SCLC
SENTICOL III
SN-38
SN-38G
SYBR Green
TAE
TNM
UDP
uv
VEGF
YAP

Ras homolog family member A
Ribonucleic acid
Ribonuclease
Revolutions per minute
Roswell Park Memorial Institute 1640 medium
Radiation Therapy Oncology Group
Reverse transcription polymerase chain reaction
Small-cell lung cancer
Sentinel node biopsy in cervical cancer trial 111
Active metabolite of irinotecan / 7-ethyl-10-hydroxycamptothecin
Glucuronidated inactive metabolite of SN-38
Cyanine dye used for double-stranded DNA detection in real-time PCR
Tris-acetate-EDTA buffer
Tumor—Node—Metastasis staging system
Uridine diphosphate
Ultraviolet
Vascular endothelial growth factor
Yes-associated protein
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cDNA ;s oS Slbgizme Y=Y Jgu

M-MLV (10000 U) 200u/ pl
5X first-strand Buffer
Oligo(dT) 18 primer

Random hexamer primer
RNasein (40u/ pl)
dNTP 10mM

o plosl RNA LSy e b DNA 520) baiges ass gl RNA clile g3l sy Jsl al> o 4o

wp0 5 oolol 5 Jshior Gl (2iSTy 99 5 S bslrs v (55 Lo youln o RNA iged 0053 51 1y 5

Materials Quantity
Template RNA Total RNA 0.lng-1 pg
Primer Random Hexamer, 2ul
Oligo dT
DEPC- Water Upto 13.5 ul
Total Volume 13.5 ul
cDNA s Y- 2:STy bgle obgims ¥-F Jgax
Materials Quantity
5X first-strand buffer 4 ul
dNTPs (10mM) 1 ul
RNasin (400U pl) 0.5 ul
M-MLV 1 pul
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Real o, b aigs SolS Lyl 0 PCR ¥ guamn 1355 a3 oo iales loges &gy | baosls SluTa,
Colus 5 Caolaiz] sile oblge « MRNA L)1 sl o, pla 4 Cad a5 Conl 00ls cgeTime
melting al> o 3925 Jolo & (bg; (nl ) (wizren il ALBIS RNA plo )0 S5z Slyaasd & S YL
Cowd PCR Sles Jgame (59, 1 5,999 58l plosl 4y (65L0 Y&W «curve analysis

S plasl Joe

s Reverse ¢ Forward sl ol alo> ;¢ real-time PCR sl sl o3V olge Julds a5 0 50 oS
. &wISYBR Green Master Mix

Reverse g Forward sl yosly Jlgi Coned ¥-0 Jooor

/ Forward
Genes Sequences
Reverse
F 5'-GCTCTCTGCTCCTCCTGTTC-3'
GAPDH
R 5'-ACGACCAAATCCGTTGACTC-3'
cL2 F 5'-GAGCGTCAACCGGGAGATGTC -3’
BCL
R 5'-TGCCGGTTCAGGTACTCAGTC -3’
F 5'-ATGGTTTGAGCCTGAGCAGA-3’
CASP3
R 5'-GGCAGCATCATCCACACATAC-3’
P27 F 5'-TGGAGAAGCACTGCAGAGAC-3’
R 5'-GCGTGTCCTCAGAGTTAGCC-3’

Sl 5k 950 Slge a5 coul LS (Housekeeping) 551, JlS” a4 gl j0 50 Ban 05 ol s3lele s sl
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real time PCR plxl g1, p5Y Slge g polie ¥-F Jgux

Material Volume/ mRNA Volume/ HK

cDNA 2 ul 2 ul

2X QPCR Master Mix SYBR Green 10 pul 10 pl
mRNA specific forward primer (10 pM) 0.8 ul
HK specific forward primer (10 uM) 0.8 ul
Reverse primer (10 uM) 0.8 ul 0.8 ul

dH20 Up to 20 ul Up to 20 ul

Total Volume 20 pul 20 pul

House keeping 5 !y lojen Real-time iolo;l a5 0,50 MRNA Lo 0,5 o5lle 5 G args

29h (o0 plnil o2

Real-time PCR  zusly obes Ll ¥-Y Jour

Cycles Duration of cycles Temperature
1 15 min 95°C
35-40 15-30 seconds 95°C
60 seconds 55-60°C

1 Melting Analysis 55-95°C

b el 5 alos 6350 e a2 T b iS5 STy

a0 W o )0 dw dyo oo 9 4880 V0 Do 4 o5 Sl a0 A0 gles o gl al> e lale

28,8 alol asl Ve ok @ ol 5 ol

STy 45 gl > 10 S oo sl uilisygisls JUS s ccglaiss, 53 DNA & Jlasl b SYBR Green 5 e

N gammo iolpdl e web oo asS CT (Threshold Cycle) ] a4 g 0gd oo (oo, 56 o)l

D oo (6 S 03l

S aid S by o internal control \lge 4 GAPDH

S| a5 &g ol 4 sl solital 284CT 50 sl Real-Time PCR ) Jol> wls s5lo by sl e

28,5 18 gylel Lo 5,90 9 oS oles e0ls lgieas GAPDH. g la 5 s CT
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o ACt=Ct Qun 35— Ct 5 Jloails
o AACt=ACt Lo 05,5 — ACt ;S 05,8

e Fold change = 2*-AACt
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24 H 48 H
Orow/Cell " Hela  CaSki  HFFF2  HeLa  CaSki  HFFF2
Atorvastatin gy 5¢ 68,1 178.2 756 69.49 20.14
(ng/mL)
Simvastatin 2567 15022 209.3 317 7147 18.01
(ng/mL)
Cisplatin 11.01 9.17 9.58 4.46 3.56 3.04
(ng/mL)

(ng/mL)
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Cell Line o, Combination dosage Viability % CI value
Cisplatin Atorvastatin
IC value (ug/mL) IC value (ng/mL)
Comb. 1 ICio ICao 45 % 0.42
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RS el el Jat £

Comb. 5 ICso 1Cso 14 % 0.03

Jlows ceels YF 51 oy CaSKki g HeLa (sla Jobo 10 0l o 9 cuibinly 51 (oS 5 il 31 :F-F Jgor

CaSKki g HeLa (gla ol )0 5Dy o 3 0reibinsly 951 canS 5 (g yiamas 31 Jlog903 :¥-10 logas

$osy » My 5 uiliwlgens S5 (oS LT 5 (s s SIP1 (qyp ulis -Y-Y-F

CaSki ¢ HeLa Jolu
IC10, 20, 30,40, polie Lolol p 55 o + bl gons oS 5 SadsS LST b s i 3!
LS Al oy g odel Cews & CaSki g HeLa gl o5 90 2 59, MTT s 514550
Gl 035 59, 2 (CL< 1) o550 51 sl Dy G + ilislgors SlaS 5 dom o5 ol i
IC30 3 ;5 Lo IC10 b psbivlgons IC40 wlus s HeLa Jsho oo, ;0 5 aiwn CaSki

03, 2l ;0 Bl 5 ple g aiws (CI < 1) O3 51 Gl M o TIC20 L yslin]gonns

Cis + Atro
Hela Caski
1 1
> Point1 L > Point1
[0 Point2 [0 Point2
Point3 [ Point3
v Point4 I v Point4
¢ Points ¢ Point5
A A I
asr a5t
o
&
# @
Q
] 1]
o 05 1 0 05 1
B B

Q3090 (CI> 1) s ST 51 slyls Jgho
b sl oy S 5 0 5598 0didd lis &S oS 5 asli op S Hela Jolo slaos, ;o

Clale b oyibiolsonms 5 TCT0 CLle b il s oS 55 ol 45 0 oanlie VS 5 5l onlicia



w A 2l ks Jat £

CaSki Jsbos slaos, 1o pizmad 509 +,2) b plp Hela Jolo o5, jo oS 5 ol CI 54 IC40

Combination
Cell Line Combination dosage Viability % CI value
no.

O oS5 3l eolainl b sl gy oS 5 (03698 odims lid oS oS5 el eSS
w!CI.ayICSOmpwst;w\wslcsompwxW@;&usuo&m
9HeLa ngl.w 03, )é\ ;~5).s sLQ:d.JL) U”‘ u,uL..o‘).a D4 o, 0 1.3).3‘).3 CaSkl ngl.w 03,y 4O ;~5).a

slosialesl ple ;o o cwyp sl a5 ol las |y ol oo atge oS5« CaSki o 0 (oS5

Al ol S



qy @l ek Jab LS
Cisplatin Simvastatin
IC value (ug/mL) IC value (ng/mL)
Comb. 1 IC1o IC40 49 0.61
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Fold Change of P27 gene expression
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Investigating the Synergistic Effects of Cisplatin and Irinotecan in Combination with
Simvastatin and Atorvastatin on the induction of Cell Death in Cervical Cancer Cells

Abstract

Background: Cervical cancer is one of the most common malignancies among women and a
major cause of cancer-related mortality, particularly in developing countries. Although cisplatin
and irinotecan are used in the treatment of some cancers, drug resistance and treatment-related
toxicity remain major challenges. Statins, including atorvastatin and simvastatin, in addition to
their lipid-lowering effects, have been reported to possess antiproliferative, pro-apoptotic, and
anticancer properties. Therefore, evaluating the combined effects of these drugs can be a
potential approach to enhancing cell death and improving therapeutic response in cervical

cancer.

Aim: To determine the synergistic effects of cisplatin and irinotecan in combination with

atorvastatin and simvastatin on cell death, apoptosis, and related genes in cervical cancer cells.

Materials and Methods: This study was conducted in vitro on HelLa and CaSki cell lines as
cervical cancer models and the HFFF2 cell line as a normal cell model. Cells were treated with
atorvastatin, simvastatin, cisplatin, and irinotecan individually and in combination. Cell viability
was measured using the MTT assay, and the IC50 value was calculated. Synergistic or
antagonistic effects of the drug combinations were evaluated using the combination index (CI).
Apoptosis was examined using Annexin V-FITC/PI flow cytometry, and the expression of

CDKN1B/P27, Bcl2, and Caspase3 genes was measured using Real-time PCR.

Results: MTT results showed that all drugs caused a dose- and time-dependent decrease in cell
viability. In HeLa cells, the IC50 of atorvastatin decreased from 91.58 pg/mL at 24 hours to 7.56
pg/mL at 48 hours, and the IC50 of simvastatin decreased from 73.82 to 3.17 pg/mL. The
strongest synergy in HeLa was observed for irinotecan + atorvastatin with CI=0.44, and in CaSki
for atorvastatin + cisplatin with CI=0.03. The combination of irinotecan + atorvastatin and
cisplatin + atorvastatin in HelLa created 72.25% and 73.84% total apoptosis, respectively.
Changes in apoptosis and changes in the expression of P27, Bcl2, and Caspase3 genes were

statistically significant in several treatment groups (p < 0.001).



Conclusion: The combination of statins, particularly atorvastatin, with cisplatin or irinotecan
increased cytotoxic effects, enhanced apoptosis, and altered the expression of genes related to
cell death in cervical cancer cells. These combinations can be proposed as potential

complementary options for subsequent preclinical studies.
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