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Glioblastoma multiforme (GBM) is 57% of all gliomas, and 48% of the primary 

central nervous system (CNS) tumors. Despite multimodal treatment, based on 

surgery, radiotherapy, and chemotherapy, and advancements in each approach, GBM 

remains characterized by a poor prognosis, with an estimated overall survival of less 

than 6% at 5 years post-diagnosis. The first-line systemic therapy is currently 

represented by temozolomide (TMZ), but the majority of patients relapse after 6 

months. According to consensus, recurrence of the tumor and chemotherapy 

resistance acquisition are two distinguishing features of GBM that originating from 

glioblastoma stem cells (GSCs). To overcome the problems inherent in GBM 

chemotherapy, targeting GSCs through an intelligent drug delivery system has come 

to the forefront of GBM therapeutics. In this study, B19 aptamer, RNA aptamer with 

high sensitivity for recognizing the AC133 epitope and the CD133 protein, (Apt)-

conjugated polyamidoamine (PAMAM) dendrimer nanoparticles (NPs), called Apt-

NPs, were formulated for the co-delivery of paclitaxel (PTX) and TMZ to U87 stem 

cells. One of the most well-known TMZ-sensitive GBM cell lines is U87. The 

physicochemical properties of Apt-NPs such as size, zeta potential, and 

polydispersity index (PDI) were analyzed by dynamic light scattering (DLS). The 

conjugation of NPs with the B19 aptamer was confirmed by Fourier-transform 

infrared spectroscopy (FTIR) and 2,4,6-trinitrobenzene sulfonic acid (TNBSA) 

assay. Furthermore, the spherical morphology and core-shell structures of the Apt-

NPs were evaluated by Field emission scanning electron microscopes (FE-SEM), 

atomic force microscopy (AFM), and high-resolution transmission electron 

microscopy (HR-TEM). In vitro cellular uptake of the BODIPY-labeled Apt-NPs 

was determined using confocal microscopy. The drugs were loaded with a double 

emulsification solvent evaporation method. Drug-loaded Apt-NPs significantly 

inhibited the tumor growth of U-87 stem cells by initiation of apoptosis and cell cycle 

arrest in G2/M and S via the down-regulation of autophagic and multi drug resistance 
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(MDR) genes. Additionally, by their down-regulation by qPCR of CD133, CD44, 

SOX2, and Wnt/β-catenin, PI3K/AKT/mTOR (PAM) pathway, cell proliferation has 

substantially decreased. Addedly, simultaneous shortened telomere length with 

down-regulation of DKC1 and TERT subunits of telomerase by drug-loaded Apt-

NPs increased apoptosis. Taken together, this dendrimer-based pharmaceutical drug 

delivery system along with B19 aptamer is capable of effectively transferring PTX 

and TMZ to U87 stem cells in consistent and without toxic effects.  
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Glioblastoma multiforme (GBM) adalah 57% daripada kesemua glioma, dan 48% 

daripada tumor sistem saraf pusat utama (CNS). Walaupun terdapat rawatan 

multimodal, berdasarkan pembedahan, radioterapi, dan kemoterapi, serta kemajuan 

dalam setiap pendekatan, GBM masih mengekalkan prognosis yang buruk, dengan 

jangkaan kelangsungan hidup keseluruhan kurang dari 6% pada 5 tahun selepas 

diagnosis. Terapi sistemik utama kini adalah dengan menggunakan temozolomide 

(TMZ), tetapi majoriti pesakit kambuh selepas 6 bulan. Menurut kata sepakat, 

pengulangan tumor dan ketahanan terhadap kemoterapi adalah dua ciri khas GBM 

yang berasal dari sel stem glioblastoma (GSC). Untuk mengatasi masalah yang 

wujud dalam kemoterapi GBM, mensasarkan GSC melalui sistem penyampaian ubat 

pintar telah terkehadapan dalam terapi GBM. Dalam kajian ini, aptamer B19, 

aptamer RNA dengan kepekaan tinggi untuk mengenali epitop AC133 dan protein 

CD133, nanopartikel dendrimer (NP) poliamidoamin (PAMAM) terkonjugasi, 

dirumuskan untuk pengiriman bersama paclitaxel (PTX) dan TMZ ke U87 sel stem. 

Salah satu jenis sel GBM sensitif TMZ yang paling terkenal adalah U87. Sifat 

fizikokimia Apt-NP seperti ukuran potensi zeta, dan indeks polidispersiti (PDI) 

dianalisis dengan penyerakan cahaya dinamik (DLS). Konjugasi NP dengan aptamer 

B19 disahkan oleh spektroskopi inframerah transformasi Fourier (FTIR) dan ujian 

asid sulfonik 2,4,6-trinitrobenzena (TNBSA). Selanjutnya, morfologi sfera dan 

struktur cengkerang dari Apt-NP dinilai oleh mikroskop elektron pengimbas 

pelepasan medan (FE-SEM), mikroskop daya atom (AFM), dan mikroskop elektron 

transmisi resolusi tinggi (HR-TEM). Pengambilan sel in-vitro dari Apt-NP berlabel 

BODIPY ditentukan menggunakan mikroskopi konfokal. Ubat itu dimuatkan dengan 

kaedah penyejatan pelarut pengemulsi berganda. Apt-NP yang dimuatkan dengan 

ubat secara signifikan menghalang pertumbuhan tumor sel stem U87 dengan 

permulaan apoptosis dan penangkapan kitaran sel pada G2/M dan S melalui 

pengawalan turun gen ketahanan autofagik dan multidrug (MDR). Selain itu, melalui 

© C
OPYRIG

HT U
PM



 

iv 

peraturan penurunan oleh qPCR CD133, CD44, SOX2, dan jalur Wnt/β-catenin, 

PI3K/AKT/mTOR (PAM), percambahan sel telah menurun dengan ketara. Selain 

itu, panjang telomere yang dipendekkan secara serentak dengan pengunduran 

subunit DKC1 dan TERT oleh telomeres oleh Apt-NP yang dimuatkan ubat 

meningkatkan apoptosis. Secara bersama, sistem penyampaian ubat farmaseutikal 

berasaskan dendrimer ini bersama dengan aptamer B19 mampu memindahkan PTX 

dan TMZ ke sel stem U87 secara berkesan, konsisten dan tanpa kesan toksik. 
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1 

CHAPTER 1 

1 INTRODUCTION 

The most common malignant primary brain tumor is glioblastoma multiforme 

(GBM), affecting about 57 % of all gliomas and 48 % of all cancers of the primary 

malignant central nervous system (CNS). It is classified by the World Health 

Organization (WHO) as a grade IV diffuse astrocytic and oligodendroglia tumor 

(Tan et al. 2020). Glioblastoma ranges from 0.59 to 5 per 100,000 population and is 

on the rise in many countries. Incidence varies according to age and sex, and the 

median survival is about 14.6 months (Grech et al. 2020). There is a slight 

predominance in males, and occurrence rises with age. These tumors appear to occur 

in people between the ages of 45 and 70 years, with a median age between the mid-

60s (Jiang et al. 2017). Compared with females, glioblastoma is 1.58 times more 

frequent in males. Globally, the prevalence of glioblastoma is higher in North 

America, Australia, and Northern and Western Europe (Tan et al. 2020). The study 

found that brain cancer accounted for 1.95 % of all cancers in Malaysia (Goh et al. 

2014).  Despite recent advancements in multimodality treatment for GBM, including 

surgery, radiotherapy, chemotherapy and supportive care, overall prognosis remains 

low and long-term survival is rare. In addition, correlated morbidity with a gradual 

deterioration in neurological activity and quality of life may have a detrimental effect 

on patients, relatives and families alike (Grech et al. 2020; Tan et al. 2020). 

Surgery is the standard therapy for GBM, although often it is not necessary to 

eliminate the whole tumor and surviving tumor cells activate again due to the 

proliferation of tumors to other tissues in the brain, leading to GBM relapse (Kim et 

al. 2015). Therefore, tumor resection by surgery is associated with chemotherapy 

and radiotherapy (Alifieris and Trafalis 2015). Furthermore, invasive glioblastoma 

tumor growth reduced the effectiveness of radiotherapy and caused recurrence of the 

tumor (Yang et al. 2020).  The current standard in treatment chemotherapy, the oral 

alkylating agent temozolomide (TMZ), is effective only in a subset of patients and 

prolongs patients' median survival by only 3 months and TMZ resistance is one of 

the obstacles ahead in its application (Sachamitr et al. 2021). Though O6-

methylguanine-DNA methyltransferase (MGMT) repair activity is the most well-

known contributors to TMZ resistance, many other key molecular pathways have 

come to light in recent years. Main evolving mechanisms include the autophagy, 

multi drug resistance (MDR), Wnt/β-catenin pathway, PI3K/AKT/mTOR pathway, 

and epithelial mesenchymal transition (EMT) (Singh et al. 2020). In addition, at least 

in part, the poor outcome of GBM to treatment may be attributed to the presence of 

a population of tumor-initiating cells known as cancer stem cells (CSCs) that have 

been shown to drive tumor growth and therapy resistance (Shergalis et al. 2018; 

Yang et al. 2020). Efficient tumor eradication would therefore require novel 

therapeutic approaches targeting CSCs in addition to bulk tumor cells. 
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Chemotherapy has been the most common treatment for glioblastoma. Single 

chemotherapy promoted the drug resistance of the tumor after a certain period, which 

substantially hampered the effective treatment of GBM. Combination with diverse 

of anticancer mechanisms is expected to enhance GBM therapy and several attempts 

have been made in clinical trials (Lun et al. 2016; Mangraviti et al. 2015; Sita et al. 

2017; Taal et al. 2014). Several previous studies have demonstrated the inhibitory 

effects of PTX-NPs (PAMAM) and TMZ-NPs (PAMAM) on glioma cells (Fana et 

al. 2020; Singh et al. 2019; Sun et al. 2017). Experimentally, synergistic antitumor 

effects of PTX and TMZ on C6 and U-87 GBM cells were observed (Xu et al. 

2016a). However, owing to physiological barriers of glioblastoma, several clinical 

trials on the combination chemotherapies have demonstrated little survival gain and 

have not been able to produce favorable outcomes. As a result, multiple delivery 

systems have been developed to address these difficulties and have enhanced 

therapeutic results (Galanis et al. 2013; Lee et al. 2015; Lundy et al. 2019; Verreault 

et al. 2015; Wick et al. 2017). 

1.1 Problem Statement 

GBM is an aggressive, high-grade brain tumor with a substantial clinical burden. 

Patients are also seriously affected by complications leading to and after diagnosis 

of GBM. Popular signs include headache, seizures, cognitive or personality changes, 

and numerous focal neurological deficits. Treatment for newly diagnosed GBM is 

aggressive and usually requires surgical resection, radiation therapy, and TMZ 

chemotherapy, but despite advancements in these treatments, outcomes are low in 

most cases (Ostrom et al. 2013; Schwartzbaum et al. 2006). The released study 

analyzed the direct medical costs of GBM in the US private insurance market, 

including patients receiving Medicare coverage from employer-sponsored 

commercial health plans. The estimated net expense (including both the patient 

paying and the plan paid) per patient in the 6 and 12 months following GBM-related 

surgery was $138,767 and $184,107, respectively (Jiang et al. 2017). The troubling 

mechanism of TMZ resistance is believed to be powered mainly by a special group 

of undifferentiated and highly tumorigenic cancer stem cells known as glioma stem 

cells (Singh et al. 2020). Previous findings have shown that PTX has the potential to 

be useful as an adjunct to TMZ chemotherapy for C6 (Magaña-Maldonado et al. 

2014; Xu et al. 2016a) and U87 (Xu et al. 2016a) gliomas. The findings of the 

investigations revealed that PTX and TMZ administration alone constitute a 

potentially effective chemotherapy strategy against GSCs (U251-CD133pos) (Sun et 

al. 2018) and (MU028-CD133pos) (Brown et al. 2017). However, thus far, the 

effectiveness of combination therapy of PTX and TMZ on U-87 stem cells has not 

been reported. It is therefore essential to develop novel therapeutic nanosystem that 

deliver effectively PTX-TMZ into U87 stem cells to improve GBM treatment 

outcomes. 

In the current study, the B19 aptamer (Apt)-conjugated polyamidoamine (PAMAM) 

dendrimer nanoparticles (NPs), called Apt-NPs, were designed to deliver a 

combination of PTX and TMZ directly to U87 stem cells. This study investigated the 

in vitro co-delivery efficiency of PTX and TMZ by Apt-NPs, as well as, its effect on 
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U87 stem cells growth, signaling pathways and/or biomarkers, which are critically 

involved in the development and maintenance of GBM.  

Based on this, the research questions are: 

1.  Can the co-administration of PTX-TMZ reduce the number of cancer stem 

cells in the U87 cell line?  

2.  Can drugs-loaded Apt-NPs lead to greater reduction in the number of cancer 

stem cells in the U87 cell line? 

3.  Is the drugs-loaded Apt-NPs complex capable of binding directly to cancer 

stem cells in the U87 cell line? 

4.  Can the Apt-NPs drugs complex change the function of signaling pathways 

and/or biomarkers of cancer stem cells in the U87 cell line? 

 

 

1.2 Research objectives 

1.2.1 General objective 

To develop of co-delivery nanosystems for anti-glioma stem cells therapy in U87 

cell line 

1.2.2 Specific objectives 

The specific objectives of the study were: 

1.  To synthesis and characterize of PTX-TMZ-loaded Apt-NPs   

2.  To isolate and characterization of cancer stem cells from a human 

glioblastoma cell line U87 

3.  To determine the effect of co-administration of PTX and TMZ on the 

change in the number of cancer stem cells in the U87 cell line 

4.  To determine the effect of the Apt-NPs alone and Apt-NPs drugs on the 

change in the number of cancer stem cells in the U87 cell line 

5.  To determine the effect of the Apt-NPs drugs on the modulation of signaling 

pathways and/or biomarkers of cancer stem cells in the U87 cell line 

6.  To determine the effect of the Apt-NPs drugs on the telomere length and 

telomerase activity of cancer stem cells in the U87 cell line 
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