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ABSTRAK

Leukemia Myeloid Kronik (CML) adalah malignan hematologi yang didorong oleh geén
gabungan BCR-ABLI1, yang menyebabkan proliferasi sel myeloid yang tidak'terkawal.
Walaupun terdapat kemajuan dalam rawatan, rintangan terhadap perencat tirosin kinase
(TKI) masih merupakan cabaran kritikal. Kajian ini menyiasat mekanisme inolekul
mikroRNA (miRNA) sintetik dalam mengawal proliferasi sel dengan“menyasarkan
kawasan tidak diterjemah 3’ (UTR) gen ABL/ sebagai komponen dalam gen gabungan
BCR-ABLI. Melalui analisis in-silico menggunakan DIANATOOLSy psRNATarget,
RNAZ22, dan TargetRank, tiga calon miRNA telah dikenal pastiyiaitu hsa-miR-3131,
hsa-miR-891a-3p, dan osa-miR1858a/b. Ketiga-tiga miRNA ini telah dianalisis lanjut
melalui analisis rangkaian dan laluan menggunakan STRING,dan Cytoscape untuk
meramalkan kesan selular yang lebih luas. Melalui in-vitro,"kecekapan transfeksi dan
interaksi miRNA-mRNA telah dikaji dalam garis sel CMLKS562-s (sensitif) dan K562-
r (resisten) menggunakan ujian TagMan dan teknik penarikan turun=biotin miRNA.
Ekspresi gen ABL1 dan BCR-ABL1 selepas transfeksi dinilai melalui gRCR, manakala
viabiliti sel dan kesan kitaran sel diukur melalui gjian MTS /dan_sitometri~aliran.
Ekspresi protein ABL1 pula dinilai melalui ujian“kolorimetri (ELISA), dan “analisis
mikroarray dilakukan untuk mengenal pasti gen.yang dickspresikan secara berbeza
(DEGQG) akibat transfeksi miRNA. Keputusan menunjukkan transfeksi_yang berkesan,
dengan osa-miR1858a/b menunjukkan ekspresi tinggi dalani*sel k562-r"dan hsa-miR-
3131 dalam sel k562-s, mencadangkan kecekapan transfeksi'spesifik kepada jenis sel.
Ujian penarikan turun biotin miRNA"mengesahkan intéraksi pefigikatan antara hsa-
miR-891a-3p dan hsa-miR-miR-3131 dengan mRNA sasaran dalanm“k562-r, tetapi tidak
dalam sel k562-s. Ujian Mann-Whitney menunjukkan bahawa hsa-miR-miR-3131
menurunkan ekspresi BCR-ABL I ‘secara signifikan dalam sel*k562-s (p<0.05), namun
tiada penurunan ketara berlakusdalam k562-r. Walau begitu;, tiada perubahan ketara
dalam tahap protein ABLI1 selepas transfeksiSecara fungsinya, daya hidup sel K562-r
menurun kepada 50.5% + 1.53, 63.4% +70.25 dan 61:3% =+ 0.23 apabila ditransfeksi
dengan osa-miR1858a/b, hsa-miR-3131 ‘dan hsa-miR-891a-3p masing-masing
berbanding kumpulan kawalan’(p<0.05). Daya hidup.sel k562-s turut menurun kepada
84.45% £ 0.673 (hsa-miR-3131), 8§1.45% < 0.816(miR-891a-3p), dan 83.86% + 0.733
(osa-miR-1858a) dengan p<0;05-beérbanding ‘kumpulan kawalan. Selain itu, osa-
miR1858a/b dan hsa-miR=89 1a-3p menyebabkan perencatan kitaran sel pada fasa G2/M
dalam sel k562sr, dengan peratusan masing-masing 6.5% + 0.9 dan 8.6% £ 1.1,
berbanding déngan“kumpulan kawalan{(p< 0.05). Tambahan pula, osa-miR1858a/b
menyebabkan perencatan kitaran sel pada fasa S dan G2/M dalam sel k562-s, dengan
59.74% =+ T34+dan 7.80 + 0.58 masing-masing, berbanding dengan kawalan (p<0.05).
Analisisimikroarray tidakmenunjukkan (DEGs) yang signifikan antara kumpulan yang
dirawat,danskawalan namun, gen terpilih yang berkaitan dengan CML telah disahkan
semula, menggunakan qPCR. Osa-miR1858a/b secara signifikan menurunkan IL6 dan
MAR4K1 dalam sel K562-s dan K562-r. Kedua-dua gen ini terlibat dalam laluan
berkaitan proliferasi seperti MAPK dan JAK/STAT. Penemuan ini menonjolkan
keupayaan luar biasa miRNA berasaskan tumbuhan osa-miR1858a/b dalam
menurunkan kebolehan hidup sel, merencatkan kitaran sel, serta menurunkan
pengawalan gen utama seperti IL6 dan MAP4K1, sekali gus membuktikan potensi
pengawalseliaan merentas kerajaan secara in-vitro. Penyelidikan ini memberikan
pandangan baru tentang potensi terapeutik miRNA sintetik dalam rawatan CML,
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ABSTRACT

Chronic myeloid leukaemia (CML) is a hematologic malignancy driven by the\BCR-
ABL1 fusion gene, leading to uncontrolled proliferation of myeloid cellsy Despite
advancement in treatment, resistance to tyrosine kinase inhibitors (TKIS) remains a
critical challenge. This study investigates the molecular mechanisms,of synthetic
microRNAs (miRNAs) in regulating cell proliferation by targeting the 3* untranslated
region (UTR) of the ABLI as the components of the BCR-ABLI fusien gene. In-silico
analyses using DIANATOOLS, psRNATarget, RNA22, and TargetRank, identified
three candidate miRNAs namely, hsa-miR-3131, hsa-miR=891a-3p, and osa-
miR1858a/b. These miRNAs were further explored via network and‘pathway analyses
using STRING and Cytoscape to predict their broader cellular impact. Through in-vitro,
miRNA transfection efficiency and miRNA-mRNA interactions were determined in
K562-s (sensitive) and K562-r (resistant) CML cell linessusing TagMan assays and
biotin miRNA pull-downs. Gene expression of ABLI and"BCR-ABL I"post-transfection
was assessed by qPCR, while cell viability and cell cycle wer¢ measured via MTS
assays and flow cytometry, respectively. Additionally, ABL1 protein expression was
evaluated through a colorimetric enzyme-linked tmmunosorbent assay (ELISA), and
microarray analysis was performed to identifydifferentially‘expressed genes (DEGs)
affected by miRNA transfection. Results indicated effective. transfection, with osa-
miR1858a/b exhibiting high expression in“k562-r cells; and*hsa-miR-3131 in k562-s
cells, suggesting cell-type-specific transfection efficiency:*The miRNA pull-down
assay confirmed binding interactions“ef hsa-miR-891a=3p and hsa-miR-3131 with
target mRNA in k562-r but not in k562-s cells. Netably MMann-Whitney test shows that
hsa-miR-3131 significantly downregulated target BCR-ABL1 in k562-s cells (p<0.05),
while no substantial downregulation joccurféd in k5621 ~cells. Despite this, no
significant changes in ABLdgeprotéin levels ywere @6bserved post-transfection.
Functionally, cell viability of k§62-wcells wasJowered by‘ever 50.5% + 1.53, 63.4% +
0.25 and 61.3% =+ 0.23 when transfected with osa-miR1858a/b, hsa-miR-3131 and hsa-
miR-891a-3p respectively compared to the control, group (p<0.05). Nevertheless, the
viability of k562-s cells was,decreased to 84.45%"+ 0.673 (hsa-miR-3131), 81.45% =+
0.816 (hsa-miR-891a-3p), and 83.86% +0:733"(0sa-miR-1858a) with p<0.05 compared
to the control groupssAdditionally, 0sa-miR1858a/b and hsa-miR-891a-3p induced a
cell cycle arrest atithe G2/M_ phase in k562-r-cells, with 6.5% + 0.9 and 8.6% + 1.1
respectively, compared to the.control group-(p< 0.05). Furthermore, osa-miR1858a/b
induced a cell€ycletarrest atithe Siand G2/Mphases in k562-s cells, with 59.74% + 1.34
and 7.80 +_0.58, respectively;compared to controls (p<0.05). Microarray analysis
revealed no(DEGs) between miRNA-treated and control groups; however, selected
genes relevantito CML_ were further validated by qPCR. Notably, osa-miR1858a/b
significantly,/ downregulated IL6Y and MAP4K1 in K562-s and K562-r cells,
respectively. Both genes are involved in proliferation-related pathways such as MAPK
andW JAK/STAT. These findings highlight the exceptional ability of the plant-based
miRNArosa-miR1858a/b in decreasing cell viability and inducing cell cycle arrest, as
well"as downregulating key genes such as IL6 and MAP4K1, demonstrating inter-
kingdom regulatory potential in-vitro. This research provides novel insights into the
therapeutic potential of synthetic miRNAs in CML treatment, emphasizing the unique
role of hsa-miR-3131, hsa-miR-891a-3p and especially osa-miR1858a/b in disrupting
essential proliferative signalling cascades of CML.
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