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Introduction: Cancer is one of the deadliest diseases, and its early detection and timely treat-
ment are extremely important. The use of 3D cultures (spheroids) is the most relevant approach in
cancer research because it mimics the in vivo environment of cells. Monitoring the tumor marker
expression with different diagnostic methods is very important in determining specific therapy.
Loop-mediated isothermal amplification (LAMP) is an innovative molecular tool that has a wide
application, including the field of cancer diagnostics.

Aim: The study aimed to establish 3D cultures of different cancer cell lines, as well as the devel-
opment and in silico analysis of LAMP primers’ specificity for selected tumor markers.

Material and Methods: The human cell lines used for establishing spheroids are: HDF (dermal
fibroblasts-control), U-87 (glioblastoma), Caco-2 (colorectal adenocarcinoma), and A549 (lung
cancer). Spheroids were formed by seeding 100.000 cells/well in BIOFLAT™ ultra-low attachment
plates. Then, the plates were centrifuged at 10min/1250rpm and incubated for seven days at 37°C
and 5% CO2. The formation and morphology of the spheroids were monitored by microscopic
methods for seven days. LAMP primers were designed for the GAL3, SOX2, MMP2, and MMP9
tumor markers using the PrimerExplorerV5 software. By inserting the target sequences into the
software, primer candidates for the target genes were generated, where their further selection was
performed based on the following parameters: 1. the highest AG value for dimerization and 2.
selection of primers with AG ends greater than -4. BioEdit software was used for in silico analysis
of primer specificity.

Results: Successful cultivation, survival, and significant growth of spheroids of all tested cell
lines during incubation were noticed by microscopic methods. In silico analysis of the designed
LAMP primers showed their high specificity.

Conclusion: The described results indicate a great possibility of applying sophisticated cellular
and molecular biology techniques in diagnostics and monitoring cancer treatment.

Keywords: spheroids, LAMP, cancer, tumor marker
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DIZAJN LAMP PRAJMERA ZA PRACENIJE
GENSKE EKSPRESUE TUMOR MARKERA U 3D
KULTURAMA KANCERA
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UuvoD
3D kulture kancerskih ¢elija (sferoidi)

Upotreba tumorskih sferoida predstavlja jedan od najrelevantnijih pristupa u ispitivanjima raka.

* Imitiraju biologiju in vivo ,,Cvrstih“ tumora

e Laki za manipulaciju

* Smanjuju troSkove ispitivanja i potrebu za model Zivotinjama

* Omogucdavaju ponovljivost rezultata

* Lako se integrisu u razliCite skrining uredaje i snimaju naprednim tehnikama

Slika 1. Metastaze raka (lzvor: Internet 1)

Slika 3. Tumorski sferoid — fluorescentna mikroskopija || ’-?5}‘ StES -

(1zvor: Internet 3) /u
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https://www.scientistlive.com/content/3d-spheroid-assays-cancer-drug-screening
https://www.stemcell.com/cancer-spheroids
https://www.mdanderson.org/cancerwise/metastatic-cancer--what-happens-when-cancer-spreads.h00-159460845.html

Petljom-posredovana izotermalna metoda amplifikacije
nukleinskih kiselina (LAMP)

Molecular Diagnostics Based on LAMP

1. Sample Collection ;| 2. Sample Preparation : 3. Sample Amplification : 4. Sample Detection
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Prednosti LAMP metode:

Brza i jednostavna metoda pogodna za praéenje genske
ekspresije

Visoka specificnost — koristi se Sest prajmera za
prepoznavanje osam regiona ciljne sekvence
Izotermalni uslovi reakcije — nema potrebe za ciklicnim
termostatom

Visoka otpornost na inhibitore reakcije

Veliki potencijal za integraciju u biosenzore u cilju brze
detekcije
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Uspostavljanje 3D kultura razlicitih Celijskih linija kancera, kao i razvoj i in silico
analiza specificnosti LAMP prajmera za odabrane tumor markere.
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Uspostavljanje 3D kultura razlicitih celijskih linija kancera

Slika 4. BIOFLAT ™ kultivacione ploce sa niskim stepenom prijanjanja

Fig. 2 Stages of spheroid formation on S-layer coated microwells. (1) add S-layer solution (2) Coating, (3) Cell
seeding. (4) Cell aggregation and sedimentation to the bottoms of microwells

)

Koraci:

Zasejavanje 100 000 celija po bunari¢u u BIOFLAT ™ kultivacione
ploCe sa niskim stepenom prijanjanja

\ 4

Centrifugiranje ploca 10 minuta na 1250 rpm

\ 4

Inkubacija tokom sedam dana na 37 °C i 5% CO2

\ 4

Pracenje formiranja i morfologije sferoida tokom sedam dana
mikroskopskim metodama

Slika 5. Proces formiranja sferoida u bunari¢ima sa niskim stepenom prijanjanja
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Pracenje formiranja sferoida mikroskopskim metodama
U-87 celije

Uvecéanje 4X

)
.

.

Dan | Dan Il Dan i Dan IV DanV Dan VI Dan Vil
dijametar: 608,4 um dijametar: 715,41 um

=]

Uvecéanje 10X

Primeceno je povecanje dijametra sferoida tokom sedmodnevne kultivacije,
kao i formiranje nekroticnog jezgra nakon tri dana.
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Uvecéanje 4X

Dan |

Uvecéanje 10X

Pracenje formiranja sferoida mikroskopskim metodama
A549 cCelije

Dan Il Dan Il Dan IV ‘DanV Dan VI

dijametar: 718,9 um

dijametar: 799,8 um

Primeceno je povecanje dijametra sferoida tokom sedmodnevne kultivacije,
kao i formiranje nekroti¢nog jezgra nakon tri dana.
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Pracenje formiranja sferoida mikroskopskim metodama
Caco-2 celije

Uvecanje 4X
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Dan VII

dijametar: 1330 um

Dan | Dan ll Dan Il

dijametar: 787 um

Uvecéanje 10X

Primeceno je povecanje dijametra sferoida tokom sedmodnevne kultivacije,
kao i formiranje nekroticnog jezgra ve¢ nakon jednog dana.
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Pracenje formiranja sferoida mikroskopskim metodama
HDF celije (kontrolna linija)

Uvecéanje 4X

Dan | Dan ll Dan lli Dan IV DanV Dan VI | Dan VII

dijametar: 232,7 um dijametar: 190 um

Uvecéanje 10X

Primecdeno je smanjenje dijametra sferoida tokom sedmodnevne kultivacije,
kao i formiranje nekroticnog jezgra nakon tri dana.
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Dizajn LAMP prajmera za odabrane tumor markere

Galektin-3 (Gal-3)

Sex-determining region Y-
related HMG box 2 (SOX-2)

Matriks metaloproteinaza 2
(MMP-2)

Matriks metaloproteinaza 9
(MMP9)

IPO8 - referentni gen

Ukljucen u:

* Rastiprogresiju tumora

* Anti-apoptozu

* Adheziju, angiogenezu

Dokazana je njegova prekomerna ekspresija u raznim tumorima.

* Onkogen

Prekomerna ekspresija SOX2 je povezana sa malom stopom

prezivljavanja obolelih od raka.

*  MMP2 promovise rast tumora degradiranjem matriksa i
promovisanjem angiogeneze.

Ekspresija MMP2 je znacajno visa u tkivu glioblastoma u

poredenju sa zdravim tkivom.

*  MMP9 promovisSe rast tumora degradiranjem matriksa i
promovisanjem angiogeneze.

Ekspresija MMP9 je znacajno visa u tkivu glioblastoma u

poredenju sa zdravim tkivom.

Jedan od najstabilnijih referentnih gena koji se koriste za analizu

genske ekspresije u istrazivanjima raka.
“hISLES
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Dizajn LAMP prajmera za odabrane tumor markere

Dizajn LAMP prajmera pomocu onlajn softvera
PrimerExplorer V5

LAMP primer designing software
PrimerExplorer E

PrimerExplorer »
F and = .\ f ’ ? ?

PrimerExplorer is a primer designing
software specifically for LAMP,
a novel gene amplification method.

PrimerExplorer VS :]‘

PrimerExplorer V4 EJ

Links

g g s
Eiken GENOME SITE Caution upon usage
Java Runtime Environment (JRE) is required for PrimerExplorer. Please download the JRE from the
@am« CHEMICAL CO.,LTD. > following site and install it.(V4-Operating Environment)

For V4: Java Runtime Environment(JRE) 1.6.0_33

U FLANPS @ B RE

ISRk A4 BT ) [Canticn)
Fire Wall or similar software might interfere and block the Java program from correctly transferring
data
The Fire Wall settings might restrict the operation of Applet. In this case, please consult your LAN
administrator.

INoles

Ubacivanjem ciljnih sekvenci u softver generisali su se
prajmer kandidati za ciljne gene.

Njihova dalja selekcija se vrsila na osnovu sledecih
parametara:

* najveca AG vrednost za dimerizaciju

* AG krajevi vedi od -4

In silico analiza specificnosti prajmera pomocu
BioEdit softvera

O &= I 2B 11 kot secpences
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Dizajn LAMP prajmera za odabrane tumor markere

[ 1PO8 primers \
Primer candidate 1 for IPO8 gene
name (label) sequence (5'-3") scale purification Physical Condition
IPOSPCL - F2 AATTCCAAAGTGTTATTGGGATA 50 mM Desalted Dried
IPO8PC1 -B3 CTACAAACCCAAATGTACAACT 50 mM Desalted Dried
GTCATGGTGGCACCAGTAAGAT-AGCTATTTATC
IPOSPCL -FIP(F1c+F2) TAGTGCTTTCACA 50 mM Desalted Dried
AGCACAGGTAATGGTAGTCTGT-GGACCATGA
IPOSPC1 -BIP(B1c+B2) GCAAGTTTCT 50 mM Desalted Dried
IPOSPC1 -LB GAAGCAGAAAACAAAGTTCAGGTG 50 mM Desalted Dried
Primer candidate 2 for IPO8 gene
name (label) sequence (5'-3) scale purification Physical Condition
IPOSPC2 - F3 TGAAGTGTGACTGTCCTAAG 50 mMm Desalted Dried
IPO3PC2 -B3 CACCAGTGCATTATCTTTGG 50 mM Desalted Dried
CAAACTCCACCTAGGTTTCCTATT-CTGTTGGAA
IPOSPC2 -FIP(Flc+F2) TTGACTTTAAAAAGC 50 mM Desalted Dried
GAGTAGGTATAAATGCAGGATTCCC-GTTCAAC
IPOSPC2 -BIP(B1c+B2) CCAACCTCCTC 50 mM Desalted Dried
IPOBPC2 -LF CCTTTCAAAGATTCCCAACACGCA 50 mM Desalted Dried
IPOSPC2 -LB TAAAAGGGAGAGTGAAGACACTGCC 50 m Desalted Dried
MMPS primers
Primer candidate 1 for MMP9 gene
name (label) sequence (5-3") scale purification Physical Conditic
MMPSPCL - F3 CCCAGCACAGACAAGATCC 50 mM Desalted Dried
MMPSPCIL -B3 CACAGTGCCTGGCACATT 50 mM Desalted Dried
TGGGTCCTGGTCTTGGTTGCAT-CAGAGGCAG
MMPSPCL -FIP(Flc+F2) AGGCCTTCT 50 mM Desalted Dried
CTCCTTCAGTACAGGACGGCAG-CGGCACTT
MMPSPCL -BIP(B1c+B2) GATGACTGTTGT 50 mM Desalted Dried
MMPSPCI -LB GTGGTTTGTATGGAAGCTCAGT 30 mM Desalted Dried
S0X2 primers
Primer candidate 1 for SOX2 gene
name (label) sequence (5'-3') scale purification Physical Conditic
SOX2PC1-F3 AAATCCCATCACCCACAG 50 mM Desalted Dried
SOX2PC1 -B3 TITTCGTAGCTTTCTTTCCTC 50 mM Desalted Dried
TCATAAAAGTTTTCTTGTCGGCATC-AATGACA
SOX2PC1 -FIP(Flc+F2) GCTGCAAAAGAGA 50 mM Desalted Dried
TGGACTTCTTTTTGGGGGACTATTT-AGATCT
SOX2PC1 -BIP(Blc+B2) ATACAAGGTCCATTCC 50 mM Desalted Dried
SOKX2PCL -LF GCGGTTTTTGCGTGAGTGTG 50 mM Desalted Dried
S0X2PC1 -LB TTGTACAGAGAAAACCTGGGGAG 50 mM Desalted Dried

Gal3 primers

Primer candidate 1 for Gal3 gene

name (label) sequence (5'-3') scale purification Physical Condition
Gal3PCl-F3 GAGGAATCCTATTTTCGTGTT 50 mM Desalted Dried
Gal3PCl -B3 CTCCGCTACTAAGGAGGC 50 mM Desalted Dried
GACAGTGTGAGACCCTGTCTC-TTTAGGTGTTT
Gal3PC1 -FIP(F1c+F2) TAGACCATATCAGA 50 mM Desalted Dried
ACTCAGGCTGGAGTACAGTG-AAGTGGGAGG
Gal3PC1 -BIP(B1c+B2) ATCGTTTG 50 mM Desalted Dried
Gal3pCl -LB CATGGTCACAGCTCATTGCAGC 50 mM Desalted Dried
Primer lidate 2 for Gal3 gene
name (label) ] e (5'-3") scale purification Physical Condition
Gal3pC2 - F3 TTCAGGTCCAGGGAGTCG 50 mM Desalted Dried
Gal3PC2 -B3 AGCCTTCTCCCATTTCTTCC 50 mM Desalted Dried
TCCGCAGTCTCTGGAACCCG-GGAGGCTGGGA
Gal3PC2 -FIP(F1c+F2) CTTAGGTT 50 mM Desalted Dried
ACTCTGGGAATTGGGTTGCTGC-TCCTAGAGAC
Gal3PC2 -BIP(Blc+B2) AGCCTGAGTC 50 mM Desalted Cried
Gal3PC2 -LF TEGCGAACTTGAAGGGTAAGG 50 mM Desalted Dried
Gal3PC2 -LB TGAGGACACCTGGACCTCAG 50 mM Desalted Dried
MMP2 primers |
Primer candidate 1 for MMP2 gene
name (label) sequence (5'-3) scale purification Physical Condition
MMP2PC1 - F3 ATATGGTATGTTGGGGAACT 50 mMm Desalted Dried
MMP2PC1 -B83 ATAACCCAATTGGGCTGC 50 mM Desalted Dried
CATTACTACACTCTTGCTCTGTGT-AGCTAGGCT
MMP2PC1 -FIP(F1c+F2) GAACTAATACAAAC S50 mM Desalted Dried
TTIGTTTTTAGATGAGGTCATTGGGA-AAACCCA
MMP2PC1 -BIP(B1c+B2) ATTAGCTACCAATCA 50 mM Desalted Dried
MMP2PC1 -LB TGGGCAGAAGGAACGTGA 50 mM Desalted Dried
Primer candidate 2 for MMP2 gene
name (label) q e (5-3') scale purification Physical Condition
MMP2PC2 - F3 GGCCTCTAATCAAATAGGAGA 50 mM Desalted Dried
MMP2PC2 -B3 TTCCTGTCTGCAATCTGC 50 mM Desalted Dried
CTCTCTAAGCCTCTCAAAATCATCA-GTTAAGAC
MMP2PC2 -FIP(F1c+F2) AAACAGACACTACTG 50 mM Desalted Dried
ACAATATGGATGGAGGTAGTCAGG-GGAGCT
MMP2PC2 -BIP(B1c+B2) GAGAAACATCCTC 50 mM Desalted Dried
MMP2PC2 -LB GGTAGAGGGAGAGAACAGGGTAG 50 mM Desalted Dried
Primer candidate 3 for MMP2 gene
name (label) sequence (5'-3') scale purification Physical Condition
MMP2PC3 - F3 GCCTCTAATCAAATAGGAGAGTT 50 mM Desalted Dried
MMP2PC3 -83 GGATCAAAGGAAGGTTGGA S50 mM Desalted Dried
GTGTTTTCCCTCTCTAAGCCTCTC-ACAGACACT
MMP2PC3 -FIP(F1c+F2) ACTGTTCCAG 50 mM Desalted Dried
GTAGAGGGAGAGAACAGGGTAG-AGAGTTC
MMP2PC3 -BIP(B1c+B2) CTGTCTGCAATC 50 mM Desalted Dried
MMP2PC3 -LB GAGGATGTTTCTCAGCTCCAGCA 50 mM Desalted Dried
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g ZAKLJUCAK

Mikroskopskim metodama ustanovljena je uspesna kultivacija sferoida svih
odabranih éelijskih linija tokom sedam dana;

In silico analiza dizajniranih LAMP prajmera pokazala je njihovu visoku
specificnost;

Opisani rezultati ukazuju na veliku moguénost primene sofisticiranih tehnika
¢elijske i molekularne biologije u oblasti dijagnostike i pra¢enja tretmana raka.
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