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Abstract. The fourth most common type of cancer in women, cervical cancer is 

brought on by the Hu-man Papillomavirus. Numerous genes, including KLF5, 

FHIT, and DLG2, have been linked to the advancement of cervical cancer, ac-

cording to earlier research. The link between the KLF5, FHIT, and DLG2 genes 

in cervical cancer tissue is the focus of this investigation. Using a biopsy, cancer 

tissues were recovered. The RNA isolation, nanophotometer, and PCR methods 

were used to gather the cDNA samples. qPCR was used to analyse each sample. 

KLF5, FHIT, and DLG2 gene expression did not significantly correlate with cer-

vical cancer (p>0.05). The results of the Spearman's correlation test study indi-

cated that the expression of the genes KLF5, FHIT, and DLG2 did not signifi-

cantly correlate with the advancement of cervical cancer. This research may be a 

resource used in biomedical science to learn more about the genes linked to the 

development of cervical cancer. The KLF5, FHIT, and DLG2 genes can still be 

established as biomarkers for cervical cancer by increasing the sample size. 
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1 Introduction 

In the world, cervical cancer is the fourth most prevalent neoplasm and the fourth lead-

ing cause of cancer-related deaths in women [1,2]. Globally, there were 342,000 fatal-

ities and 604,000 new instances of cancer in 2020, according to Global Cancer Statistics 

[2]. With 36,633 cases and 21,003 deaths from breast cancer, Indonesia came in second 

[2,3]. Cervical cancer mortality is correlated with diagnostic delay. Roughly 75% of 

fatalities have an advanced diagnosis that goes undetected [4]. happens frequently in 

underdeveloped nations as a result of low socioeconomic position, ignorance, and in-

sufficient vaccination and screening programme implementation [5]. 

The most common cause of cervical cancer is due to the abnormal growth of cells in 

the cervix as well as other cellular changes. Invasion will occur more quickly if there 

is the influence of epigenetic factors [5]. More than 70% of cancer cases cervical caused 

by Human Papillomavirus (HPV) types 16 and 18 [6,7]. When the virus is infected,  
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there will be a mutation in host deoxyribonucleic acid (DNA) with certain environmen-

tal conditions. The Virus enters the host cell's DNA and activates proteins E6 and E7 

so that can avoid cellular defense mechanisms and the immune system. The E2 Protein 

is also expressed to increase replication of viral DNA. Within a certain period, in-

creased expression of HPV will inhibit some proteins are cellular and affect biological 

processes such as cell proliferation, cell cycle, and cellular apoptosis can accelerate and 

aggravate the carcinogenesis of cancer cells [4. 5]. 

A previous study by Hu et al "in 2015, found some “new spots" like KLF5, FHIT 

and DLG2 genes were involved in the carcinogenesis of cervical cancer [8] HPV inte-

gration sites in the introns and exons of these genes can increase or decrease protein 

expression, which can affect the rearrangement or amplification of surrounding genes 

[9,10]. Cells can experience DNA Replication Stress (DRS) due to exposure to many 

cellular changes that create gene mutations. Gene mutations can be compensated for by 

the p53 protein by detection and elimination by cellular apoptosis. However, the in-

creased expression of Krüppel Like Factor 5 (KLF5) inhibits p53 so the mutation pro-

cess takes place continuously [11]. The KLF5 gene is a DNA-binding transcriptional 

regulator that contributes to several cellular processes such as proliferation, differenti-

ation, angiogenesis, migration, and cytoskeleton polymerization by regulating platelet-

derived growth factor (PDGF)-α, cyclin D1, survivin, p21, p27 in gene targets [12]. In 

a study conducted by Ma et al in 2017, there was an increase in KLF5 gene expression 

in the tissues of cervical cancer. Elevated KLF5 expression activates the p38 signal 

pathway of tumor necrosis factor receptor superfamily member 11a (TNFRSF11a) by 

binding to the cyclin D1 promoter which enhances the proliferation, migration, and 

invasion of cervical cancer cells [11,12].  

Fragile Histidine Triad Diadenosine Triphosphatase (FHIT) acts as a tumor suppres-

sor gene that regulates apoptosis and suppresses tumor metastasis [13]. FHIT is over-

lapped by a fragile site FRA3B which is one of the 90 chromosomes Common Fragile 

Sites (CFS) fragile and easily damaged in the metaphase phase of chromosomes under 

high stress in DNA replication. Dysfunction of FHIT leads to increased expression of 

cyclin D1 thus accelerating the cycle of uncontrolled cell proliferation [14]. Decreased 

copy number and expression level of FHIT are associated with carcinogenic cervical 

cancer, especially at higher stages [15]. Discs Large MAGUK Scaffold Protein 2 

(DLG2) gene derived from MAGUK (Membrane-Associated Guanylate Kinases) fam-

ilies that serve to regulate polarity, cellular structure, and cell growth [16]. The DLG2 

gene also functions as a checkpoint in the G2/M cycle. It is believed that DLG2 pro-

motes cell proliferation by accelerating the cell cycle phase G1 as well as cyclin A and 

cyclin B proteins [17]. This study aims to analyse the relationship between KLF5, 

FHIT, and DLG2 in cervical cancer. 

2 Method 

2.1 Collecting Samples 

Cervical tissue sampling was performed at Dr. Cipto Mangunkusumo Hospital from 

citologically confirmed cervical cancer patients. Participating patients were not in any 
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stage of therapy. The tissue sample was taken by biopsy at a size of 0.5 x 0.5 x 0.5 cm3. 

The DNA/RNA buffer was used to store the samples in order to maintain the integrity 

of the RNA. Samples then transferred into the laboratory in a cool box and stored in the 

-80°C freezer for further analysis.  

2.2 Extracting the RNA  

RNA was extracted using the Quick-RNA Miniprep Plus Kit (Zymo Research Corp., 

Irvine, CA, USA) according to the manufacturer's protocol. Briefly, tissue was homog-

enized with a bead beater homogenizer then transferred to a microcentrifuge tube. The 

RNA lysis buffer was added and mixed accordingly. The mixture was then transferred 

into a spin-wayTM Filter in a collection tube and centrifuged at 130,000g for 30 sec-

onds to remove genomic DNA. Ethanol (95-100%) was then added to the flow through 

and the mixture was transferred to Zymo-SpinTM IIICG Column in a new collection 

tube and centrifuged. DNase was used to treat samples from genomic DNA. RNA Prep 

Buffer and RNA Wash Buffer were used for washing the spin column containing RNA. 

The column was then transferred into a nuclease-free tube and DNase/RNase-free water 

was added directly on the column matrix and RNA was collected.  

2.3 Synthesising the Complementary DNA 

The reaction was prepared by mixing 200ng of RNA, 4 µl trans amp buffer, 1 µl reverse 

transcriptase, and DNase/RNase-free water to 20 µl. The mixture was then incubated 

in 25°C for 10 minutes, 42°C for 15 minutes, and 85°C for 5 minutes for inactivation.  

2.4 Quantitative Real Time PCR (qRT-PCR) 

The mixture was prepared in a PCR tube containing 5 µl 2x SensiFAST SYBR® No-

ROX Mix reagent, 0.4 µl of 10 µM of each primer, DNA template and water until the 

final volume reaches 20 µl. The PCR condition was 95°C for 2 minutes, 95°C for 5 

seconds, 60°C for 10 seconds and 72°C for 10 seconds. Forty cycles was used to am-

plify the DNA template.  

2.5 Data Analysis 

Data were analyzed using the GraphPad Prism 8.2.0 program and Microsoft excel 2019. 

Due the small sample size, the Shapiro-Wilks normality test was used to determine the 

normality of the data distribution. The Kruskal-Wallis test and Spearman test were car-

ried out to analyze the differences and the correlations in gene expression levels, re-

spectively. The value of p<0.05 was considered significant.  
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3 Result and Discussion 

3.1 Expression of KLF5, FHIT, and DLG2 genes in cervical cancer 

The results of the Shapiro-Wilk normality test show that P<0.0001 suggesting that the 

data was not normally distributed (Table 1). For comparing the expression of the KLF5, 

FHIT, and DLG2 genes, the Kruskal Wallis test was used. The significant values ob-

tained for each of the KLF5, FHIT, and DLG2 genes were 0.1069, 0.4326 and 0.6845 

respectively, presented in Table 1. The results of statistical analysis concluded that the 

expression of the KLF5, FHIT, and DLG2 genes was not statistically significant. 

Table 1. Median value of KLF5, FHIT and DLG2 gene expression based on stages I-III of cer-

vical cancer 

Genes Stadium I Stadium II Stadium III p-value 

KLF5 0,0899 0,0489 0,0245 0,1069 

FHIT 0,0004 0,0010 0,0003 0,4326 

DLG2 0,0003 0,0001 0,0001 0,6845 

 

Fig. 1. Expression of (a) KLF5, (b) Iand (c) DLG2 genes in cervical cancer. Median ±CI was 

used to represent the data. 
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Fig. 1. shows that the median KLF5 gene expression decreases as cervical cancer 

progresses, while the median FHIT gene expression increases in stages I to II but de-

creases in stage III. On the other hand, the DLG2 gene expression value decreased from 

stage I to II but increased in stage III. 

When cervical cancer cells invade normal cervical tissue, there will be changes in 

the cycle of the infected cells. These changes in the cell cycle create a state of DNA 

Replication Stress (DRS) thereby accelerating gene mutations, especially in the G1 

phase. Gene mutations can be inhibited by activating the p53 checkpoint by DNA Dam-

age Response (DDR) to detect and eliminate mutated cells through the apoptosis pro-

cess. However, cancer cells can intervene molecularly in this process by changing the 

function of several genes to exacerbate cervical cancer cell mutations [18,19].  

We observed that the expression level of KLF5 was decreasing throughout cervical 

cancer stages, however, no significant difference was detected. Similar results were 

observed by another study comparing the level expression of KLF5 in normal and can-

cerous cervical tissues [20]. This might be due to the lack of other supporting factors, 

such as TNFRSF11a. KLF5 activates the p38 tumor necrosis factor receptor superfam-

ily member 11a (TNFRSF11a) protein signaling pathway by binding to the cyclin D1 

promoter thereby increasing the proliferation and invasion of cervical cancer cells [11]. 

Cyclin D1 is a co-regulator of cyclin-dependent kinase which functions carries out the 

G1 phase of the cell cycle. ko-ekspresi KLF5 dan TNFRSF11a secara signifikan 

mempengaruhi tumoregenesis dari jaringan serviks. Dimana KLF5 menunjukan ko-

relasi positif dengan ekspresi dari mRNA dan protein TNFRSF11a [11] 

Fragile Histidine Triad Diadenosine Triphosphatase (FHIT) is a tumor suppressor 

gene that functions to regulate apoptosis and suppress tumor metastasis [21]. In HPV 

invasion, the FHIT gene is suppressed, leading to a decrease in its expression, hindering 

the apoptosis process, and increasing cyclin D1 cycle, thereby enhancing cancer cell 

proliferation [22]. In a study conducted by Wang et al in 2017, a significant decrease 

in FHIT expression was observed, particularly from CIN III to stage I cancer cells [14]. 

Statistical analysis of the data in this study showed no significant difference in FHIT 

expression in cervical cancer stages, possibly due to variations in the samples used in 

the research, specifically RNA samples. 

Discs Large MAGUK Scaffold Protein 2 (DLG2) belongs to the MAGUK family 

and plays a crucial role in regulating polarity, cellular structure, and cell growth behav-

ior [23]. DLG2 is also a tumor suppressor gene that functions to enhance programmed 

cell death in the event of cancer invasion. Keane et al's research indicates that the dele-

tion of 11q, the location of DLG2, results in cell cycle progression, particularly in the 

G1 phase, leading to increased proliferation of cancer cells [24]. Statistical analysis of 

the data in this study revealed no strong significance between DLG2 expression and 

cervical cancer, and a decrease in gene expression from stage I to stage II, followed by 

an increase in stage III. DLG2 has been proven to be integrated in the presence of HPV, 

but its consistency may vary in more invasive stages [25]. Therefore, further research 

is needed to reevaluate DLG2 expression in cervical cancer. 
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3.2 Correlations of Expression of KLF5, FHIT, and DLG2 in Cervical Cancer 

To see the correlation between the KLF5, FHIT and DLG2 genes, the Spearman test 

matrix was used. The results show that the correlation between each of the three genes 

was weak as shown in Fig. 2.  
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Fig. 2. Correlations of Expression of KLF5, FHIT and DLG2 with Cervical Cancer 

The KLF5, FHIT, and DLG2 genes have a role in cell proliferation, especially in the 

G1 phase. In the G1 phase, an interaction occurs between cyclin-dependent kinase and 

cyclin D1. The expression of cyclin D1 itself is influenced by the interaction between 

the KLF5 and FHIT genes in cervical cancer [15] In neuroblastoma cancer, reducing 

the expression of the DLG2 gene will shorten the time in the G1 phase of cell prolifer-

ation [17]. Results of correlation analysis of the KLF5, FHIT, and DLG2 through the 

Spearman correlation matrix in Figure 2, shows that there is no correlation with cervical 

cancer. This means that the expression of the three genes in the samples used does not 

correlate with influencing the progression of cervical cancer. This indicates that there 

is a possible interaction of other genes that facilitate the proliferation of cervical cancer 

cells, such as HMGA2 and MYC. The KLF5 gene itself must bind to the TNFRSF11a 

promoter to increase the expression of cyclin D1 which is involved in the G1 phase of 

cell proliferation. In the results of this study, it is possible that TNFRSF11a is not in-

volved in cervical cancer proliferation, which is indicated by decreased KLF5 expres-

sion. 
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4 Conclusion  

The expression of the KLF5, FHIT and DLG2 genes does not affect cervical cancer 

carcinogenesis. Also, there is no significant correlation between the expression of the 

KLF5, FHIT, and DLG2 genes in cervical cancer. Further studies are needed to explore 

other genes that involve in progression of cervical cancer.  
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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