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Abstract
Glioma is the most common malignant primary brain tumor that survives less than 12 months after
diagnosis. The Wnt signaling pathway creates a complex network of proteins that have different effects
on cells, so they can be involved in many cancers, including gliomas. Drug resistance is seen in many
cancer treatments. Therefore, we investigated the combined effect of Temozolomide (TMZ) and KC7F2
on cell survival and changes in gene expression in the Wnt signal pathway.

The effects of TMZ and KC7F2 on cancer cell viability and proliferation were investigated by WST-1
method. Isobologram analysis was performed to evaluate the combined effects of TMZ and KC7F on
U87MG glioma cell line. Also, Quantitative RT-PCR was used to evaluate the mRNA expression level of
genes related to the Wnt signal pathway in treated cancer cells and control groups.

IC50 TMZ and KC7F2 values in U87MG cell lines were determined to be 461µM and 19µM in 48 hours,
respectively. Combined effects of TMZ and KC7F2 on the U87MG cell line show the CI values for TMZ
and KC7F2 were found as 0.746. It was found that KC7F2+TMZ increased APC, CCND1, CXXC4, DAAM1,
FBXW11, FRZB, FZD3, FZD8, LEF1, LRP5, LRP6, PYGO1, RHOA, RHOU, RUVBL1, VANGL2, WIF1, WNT10A,
WNT16, WNT3A, and WNT6 while decreasing NKD1, PRICKLE1, DKK1, WNT1 expressions in U87MG cell
lines.

The results show that the combination of TMZ and KC7F2 can be a promising anti-cancer agent for the
treatment of glioblastoma through the Wnt / β-catenin signaling pathway. However, further studies are
needed to understand all angles.

Introduction
Glioma is the most common malignant primary brain tumor that develops inside the skull. This
malignant mass can include astrocytes, oligodendrocytes, or a combination of these two types of cells.
The incidence of glioma varies considerably based on age, sex and race. Glioblastoma multiforme (GBM;
WHO Astrocitoma Grade IV) is the most common and deadly subtype of glioma in adults. Extensive
treatments include surgery, radiotherapy, chemotherapy and immunotherapy. The extent of tumor
resection and the age of diagnosis are prognostic factors for glioblastoma [1]. Survival rates vary in
glioma subtypes, but a relative �ve-year survival ratio of gliomas has been suggested based on
population-based studies. However, Pilocyctic astrocytoma (grade I) has the highest relative survival [2].

The family of Wnt signaling pathways are evolutionarily conserved in different species and play an
important role in the growth, differentiation, proliferation, and survival of embryonic stem cells [3, 4]. The
association of the Wnt signaling pathway with cancer was established when Int-1, as one of the proteins
in this pathway, showed proto-oncogenic properties, and it was found that mutations in this protein lead
to breast cancer in mice [5]. The Wnt signaling pathway creates a complex network of proteins that have
different effects on cells. One of the most important of these proteins is β-catenin, which plays a pivotal
role in the Wnt signaling pathway [6, 7]. If this pathway is inactive, β-catenin levels will be kept lower by a
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set of proteins. In fact, β-catenin phosphorylation by GSK-3β, along with APC and Axin, destroys it,
resulting in a low level of β-catenin in the nucleus [8–10]. And the LEF / TCF family transcription factor,
along with other proteins, binds to DNA and inhibits gene expression. TCF / LEF is a subset of
transcription factors that can act as inhibitors or activators of transcription depending on the complex
that makes them up [11, 12].

In contrast, the activation of disheveled (Dvl) protein, which breaks down the degradation complex,
results in β-catenin dephosphorylation and can be transferred to the nucleus. In the nucleus, β-catenin
bind to family members of the TCF / LEF transcription factor and stimulate transcription factors [12, 13].
And the expression of important growth regulatory genes, including cyclin D1 and c-Myc increases [14].
The role of this pathway in some malignancies, including breast cancer, pancreatic, and colorectal cancer,
has been identi�ed, so that activation of the Wnt signaling pathway and increased protein expression can
be important factors in these diseases [15].

DNA alkylating agents are the oldest class of anticancer drugs. They are actively used and maintain their
importance for a variety of cancers, including brain tumors. Alkylating agents damage DNA by making
large and small additions with nucleic acid bases [16]. The most promising drug for brain tumors is
temozolomide (TMZ). TMZ is a prodrug of imidazole derivatives. It is a second-generation alkylating
chemotherapy agent. Because TMZ is lipophilic, it effectively crosses the blood-brain barrier. Inhibits the
growth of cancer cells, slows their growth [17, 18]. O6-methylguanine-DNA methyltransferase (MGMT), a
DNA repair protein, plays a role in the resistance of tumor cells to alkylating agents. MGMT is expressed
in glioma and its contribution to TMZ resistance is known [17].

KC7F2 is the second generation of HIF-1α inhibitor described by the VanMaier group. Cells are less
sensitive to this agent [19]. KC7F2 is cytotoxic against cancer cells under normoxic conditions and
increases toxicity by increasing HIF-1α levels under hypoxic conditions [20]. In this study, we investigated
the effects of temozolomide, KC7F2 and their combination on cell viability in U87MG glioma cell line.
Also, changes in the expression of genes involved in the Wnt signal pathway were examined.

Material And Method

2.1 Cell line, chemicals, and culture conditions
The Glioblastoma U87 MG cell line used in our study was obtained commercially from the ATCC. For the
culture of the desired cell line, DMEM medium with a volume of 500 ml was prepared. The total volume of
DMEM medium contained 5 ml of penicillin-streptomycin (Biological Industries), 2 mM glutamine
(Biological Industries), and 50 ml of Fetal Bovine Serum (FBS) (Biological Industries). To grow the cells,
they were inoculated in the prepared medium and incubated at 37 ° C, with 95% humidity, and 5% CO2
conditions. The proliferation dynamics of the cells were regularly monitored by inverted microscopy at 24
and 48 h intervals. KC7F2 (Sigma) in the logarithmic dose range of 1-30 (µM) and Temozolomid (TMZ)
(Sigma) active ingredients in the logarithmic dose range of 100-500 (µM) were applied to cells. The



Page 4/12

materials we used were �rst dissolved in DMSO (Sigma) while they were lyophilized. Therefore the main
stock was prepared for both active ingredients. Control cell lines were evaluated by applying other
conditions in the same way without the use of the substance.

2.2 Cytotoxicity analysis
Effects of the active agents (TMZ and KC7F) on cells for determining the IC50 values were speci�ed
using Colorimetric WST-1 Assay Kits (Roche). For cytotoxicity analysis, glioma U87MG cells were
implanted at 3.2x103 cell/ml in 96 well-plate and incubated for 24 h. After a 24-hour incubation period,
KC7F2 (10-30 µM) and TMZ (100-500 µM) were administered to the cells. At the end of each incubation
period of 24, 48 and 72 h, 10 µl of WST-1 solution was added to the wells and incubated for 1 hour.
Quantitative measurements of formazan dye intensity produced by living cells after incubation were
performed every 15 minutes during the course within a microplate reader (Multiskan FC, Thermo) in the
reference range of 620 nm and 450 nm absorption. Cells that were not treated with substance (TMZ and
KC7F) were de�ned as controls. Three replicates were evaluated for each drug and their doses and
control group.

2.3 Isobologram analysis
Isobologram analysis was performed to evaluate the combined effects of TMZ and KC7F on U87MG
glioma cell line. To perform this analysis, the U87MG cells (3.2x103 cell/ml) were seeded into the 96-well
plate. After the 24 h incubation period, different dose combinations of TMZ and KC7F2 which were based
on the IC50 doses of the agents, were administered to the cells for 24, 48 and 72 hours. The analysis was
performed spectrophotometrically by WST-1 test in the same way as cytotoxicity analysis. ED50, ED75,
ED90 and Combination Index (CI) values were calculated.

2.4 Gene expression analysis
Changes in the expression level of genes involved in the Wnt signal pathway in U87MG cells treated with
TMZ, KC7F2, and their combination were determined by real-time PCR at 48 h. To analyze changes in
gene expression, cells (3.2x103 cell/ml) were implanted in 6-well plates and the speci�ed dose of drugs
was applied with appropriate dilutions for the cells. TMZ, KC7F2, and their combination were not applied
to cells that were accepted as a control group. Total RNA was isolated from the cells using the RNeasy®
Mini Kit (Qiagen Cat. No: 74104)) and cDNA synthesis was realized using RT2 First Strand Kit (Qiagen
Cat. No: 330401). Expression changing of the 84 genes associated with the Wnt signal pathway was
examined using RealQ Plus 2x Master Mix Green (Qiagen Cat. No: A323402) and Light Cycler 480
Instrument II (Roche).

2.5 Data analyses
IC50 values of TMZ, KC7F2, and their combination in U87MG glioma cell line was performed using Graph
pad Prism v8.0.2. Change of gene expression in U87MG glioma cell line was performed by xCELLi-
gence® RTCA (Roche) software. Fold changes of the genes were calculated by 2−∆∆Ct method, the fold
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change values p < 0.05 were considered as signi�cant. ED50, ED75, ED90, and Combination Index (CI)
values were calculated by using CalcuSyn software (Biosoft).

Results

3.1 Evaluation of the Effects of KC7F2, Temozolomide, and
its combination on U87MG cell viability
The effects of TMZ and KC7F2 on cell viability on U87MG cell lines were evaluated via WST-1. In order to
determine the IC50 content of TMZ and KC7F2, KC7F2 dilutions (10-30 µM) and TMZ dilutions (100-500
µM) were evaluated by WST-1 test at 24, 48, and 72 h for U87MG cell lines. IC50 TMZ and KC7F2 values
in U87MG cell lines were determined to be 461µM and 19µM in 48 hours, respectively (Figure 1) [21].

3.2 Evaluation of the combined effects of TMZ and KC7F2
on the U87MG cell line
According to the results, the CI values of TMZ and KC7F2 were found as 0.746 and the doses were
208.71 µM for TMZ and 8.60 µM for KC7F2 and the effects were accepted as additive [21].

3.3 Evaluation of the Effects of KC7F2, Temozolomide, and
its combination on gene expression levels
When U87MG cell lines were exposed to IC50 KC7F2 (19µM) for 48 hours, KC7F2 was found to alter the
expression of Wnt signal pathway genes compared with controls. It was found that KC7F2 increased APC
expression 3.9-fold, FZD8 expression 3.8‐fold, RHOU expression 3.2‐fold, VIF1 expression 3.3‐fold, RHOA
expression 2.1‐fold while decreasing AES, AXIN2, CCND2, CXXC4, DIXDC1, DVL1, FZD7, NKD1, PRICKLE1,
WISP1, WNT1, WNT2 expressions 6.6, 3.6, 5, 4.6, 3.3, 3.8, 3, 6.6, 6.6, 3.6, 4.6, and 4.3 folds, respectively, in
U87MG cell lines (�gure 2).

When U87MG cell lines were exposed to IC50 TMZ (461µM) for 48 hours, TMZ was found to alter the
expression of Wnt signal pathway genes compared with controls. It was found that TMZ increased APC
expression 4.2-fold, DAAM1 expression 4.2‐fold, FRZB expression 3.6‐fold, FZD8 expression 6.8‐fold,
PYGO1 expression 3.3‐fold, WNT1 expression 19‐fold, and WNT3A expression 3.5‐fold while decreasing
AES, RHOU, WNT2, WNT6, WISP1 expressions 6.6, 6.6, 5, 5.6, and 2 folds, respectively, in U87MG cell lines
(�gure 2).

When U87MG cell lines were exposed to KC7F2+TMZ for 48 hours, It was found that KC7F2+TMZ
increased APC expression 5.9-fold, CCND1 expression 3.3‐fold, CXXC4 expression 4.6‐fold, DAAM1
expression 5.7‐fold, FBXW11 expression 3.3‐fold, FRZB expression 3.4‐fold, FZD3 expression 4.6‐fold,
FZD8 expression 7.1‐fold, LEF1 expression 3.1‐fold, LRP5 expression 8.1‐fold, LRP6 expression 3.8‐fold,
PYGO1 expression 3.8‐fold, RHOA expression 3.1‐fold, RHOU expression 4.5‐fold, RUVBL1 expression 4‐
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fold, VANGL2 expression 7.3‐fold, WIF1 expression 13.2‐fold, WNT10A expression 6‐fold, WNT16
expression 10.8‐fold, WNT3A expression 6‐fold, WNT6 expression 4.9‐fold while decreasing NKD1,
PRICKLE1, DKK1, WNT1 expressions 4, 4.6, 2.3, and 2 folds, respectively, in U87MG cell lines (�gure 2).

Discussion
Glioblastoma (GBM) is one of the most invasive brain tumors in adults. GBM treatment is a combination
of surgery, chemotherapy (usually temozolomide), and radiotherapy [22]. Treatment is usually designed
to kill cancer cells and often, massive cell death occurs shortly after the treatment. Even after these
treatments, GBM recurs and has a poor prognosis [23]. The average life expectancy after diagnosis is less
than 2 years, and less than 10% of people survive more than �ve years [24]. GBM is highly resistant to
most treatments due to its heterogeneous nature and the presence of TMZ and RT-resistant cancer stem
cells [17]. Numerous studies have shown the importance of using drugs in combination (simultaneous
use of a combination of two drugs) to reduce the growth of cancer cells and lead cancer cells to
apoptosis [25–27]. Therefore, we used KC7F2 to ameliorate the effects of TMZ. The combined effects of
TMZ and KC7F2 on the U87MG cell line showed that the CI values for TMZ and KC7F2 were 0.746, so
their effects were accepted as additives.

The Wnt signaling pathway is one of these important pathways that helps cell differentiation to promote
tumor formation in the brain. The Wnt signaling pathway causes the proliferation and development of
nerve stem cells (NSCs) [28]. The WNT system is often overactive in GBM and is one of the causes of
increased cell proliferation and invasion in GBM tumors. Homologous mutation of the FAT apical
cadherin (FAT1) has been observed in GBM. However, mutations in other WNT-related genes are
uncommon in GBM, possibly epigenetic changes suppressing WNT inhibitors and increasing β-catenin
activity [29, 30].

The Wnt signal pathway begins with ligand binding to their Frizzled (FZD1-10) and LRP5/6 receptors.
This binding causes structural changes in the FZD and LRP5/6 receptors and initiates an intracellular
signal [31]. When Wnt ligands increase or are located near their receptors, the levels of FZD and LRP5/6
receptors increase at the cell surface, and cell function is regulated in response to these messages [31].
The effect of KC7F2 on cell lines in our study increased FZD-8 expression and decreased FZD-7 and FZD-
1 expression. The expression of FZD-8 and FZD-3 increased when the U87MG cell line was affected by
TMZ. Interestingly, TMZ + KC7F2 increased the expression of FZD-8, FZD-3 LRP5, and LRP6. The
variability in the Wnt signal pathway receptors appears to be due to a speci�c expression pattern in
different tissues However, little is known about FZD-LRP interactions, and irregularities in these
interactions may cause membrane signal instability.

The large number of Wnt (19 cases) detected in humans indicates the complexity of the Wnt signal
pathway and its different biological effects on cells. Temporary or constant expression of Wnt-1 can
induce the β-catenin-LEF1 complex and activate the Wnt signal pathway in cancer cells. But reducing
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Wnt1 can dramatically reduce the migration and invasion of cancer cells [32]. One study found that Wnt-1
expression inhibits cancer treatment and suggests that Wnt-1 may exert its oncogenic potential through
an anti-apoptotic mechanism [33]. When we exposed the U87MG cell lines to TMZ, we found that Wnt-1
expression was increased. This increase may be one of the causes of resistance to TMZ treatment. But
when we tested TMZ + KC7F2, we found that Wnt-1 expression decreased, and this result can be
promising. Wnt2 is an oncogene that can activate normal Wnt signaling during tumor formation. High
levels of Wnt2 expression are seen in colon cancer and liver metastasis [32]. The results of a study
showed that the concentration of Wnt3A secreted in the conditioned medium from normal tissues or
tumors of people with colon cancer is much higher than the tissues of healthy people [34]. However,
Wnt3A has been shown to inhibit the proliferation and migration of human colon myo�broblasts. In other
words, increasing the expression of Wnt3A prevents the progression of cancer [35]. In our study, TMZ and
KC7F2 decreased Wnt2 expression. In fact, in the U87MG cell line, Wnt2 stimulates the Wnt signal
pathway as an oncogene. However, Wnt3A has different expression changes in different cancers. The
results of our study showed that Wnt3A in glioblastoma has a low level of expression. TMZ and TMZ +
KC7F2 increase Wnt3A expression According to previous studies, this increase may inhibit metastasis in
this cell line, although more detailed studies are needed to elucidate this.

β-catenin acts as a key gene in the Wnt signal pathway. In fact, increasing the amount of b-catenin
stimulates transcription factors and decreasing it inhibits transcription factors. The APC/AXIN1 mutation
and the β-catenin activating mutation are among the most common genetic changes that activate the
Wnt signaling pathway in various cancers [36, 37]. The results of our study showed that KC7F2, TMZ, and
TMZ + KC7F2 increases the APC gene in U87MG cell lines. This increase can decrease β-catenin and thus
inhibit cancer cell proliferation. Our study showed that APC, CCND1, CXXC4, DAAM1, FBXW11, FRZB,
LEF1, PYGO1, RHOA, RHOU, RUVBL1, VANGL2, and WIF1 genes, have an oncogenic role, and NKD1,
PRICKLE1, DKK1 genes act as tumor suppressor genes in U87MG cell lines.

Conclusion
The Wnt signaling pathway is essential for regulating embryogenesis and tissue homeostasis. However,
Wnt signaling pathway disorder is the pathological basis of many human malignancies. Therefore,
modifying this pathway can be a hotspot in the treatment of tumors.The use of combination drugs is
recommended to reduce cytotoxicity and increase the effectiveness of treatment in cancers. We suggest
that the effect of TMZ + KC7F2 on the Wnt signal pathway and its association with the cell cycle, and
apoptosis, be considered in future studies. However, the TMZ and KC7F2 combination is well tolerated
and can induce Wnt signal pathway genes in U87MG cell lines.
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Figure 1

IC50 doses of (A) KC7F2 and (B) TMZ on U87MG cell lines.



Page 12/12

Figure 2

The heat map of the changes expression of Wnt signal pathway genes under the in�uence of (A) KC7F2,
(B) TMZ, and (C) TMZ + KC7F2 in the U87MG cell lines. (D) Wnt signal pathway genes whose expression
changes were examined.


