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Abstract 

Background: Colorectal cancer is one of the most frequently diagnosed cancers today. Dlg is a tumor 

suppressor gene commonly silenced in cancer cells. Many colorectal cancer patients are subject to 

vitamin D3 deficiency and/ or an altered microbiome. Treatment using vitamin D3 or probiotics shown 

decreased cellular proliferation, invasiveness and induction of apoptosis. This study aimed to 

knockdown Dlg and map genetic interactions coupled to Dlg downregulation using a Drosophila model. 

Vitamin D3 and probiotic treatments were performed to investigate mechanism of action and capacity 

for Dlg rescue. 

Result and discussion: After vitamin D3 treatment, PGRP-SB1 (p<0.0001) and Drsl2 (p<0.0003) 

expression was significantly increased. These genes are part of the immune related Toll pathway 

suggesting its activation. Dlg and Veli (p=0.0042) upregulation could tentatively be through vitamin D 

receptor regulation of Wnt-signaling pathway, or direct VDR interaction. Traf6 and MPK2 (p38α) 

(p=0.0049) expression increased after vitamin D3 treatment suggesting MPK2 activation through Traf6. 

Pro-apoptotic pathways through Fas or Bax and decreased survival through inhibition of Pi3K/Akt and 

Ras/Raf pathways are also possible outcomes of MPK2 activation. Probiotic treatment increased PGRP-

SB1 (p<0.0001) without enhanced Drsl2 expression, possibly activating the Imd pathway. JNK-induced 

apoptosis through Erg (p<0.0001) induction was speculated and increased Dlg (p=0.0113) expression 

was seen after probiotic treatment.  

Conclusion: Vitamin D3 and probiotic treatments increased Dlg expression. Genes linked to polarity, 

growth and apoptosis were also enhanced suggesting various mechanisms of action. Further studies 

concerning knockdown and treatments are needed to fully understand the true mechanisms of action 

and interactions. 

 

 

 

 

  



Popular scientific summary 

Colorectal cancer has become one of the most commonly diagnosed forms of cancer in the world 

today. It is the second most diagnosed cancer in females after breast cancer and third most common 

cancer form in males after lung and prostate cancer and the numbers continue to increase. Age and 

unhealthy life style choices including processed foods and excessive alcohol composition are key risk 

factors associated with this disease. 

The human body exhibit several mechanisms that, on daily basis, contribute to prevention and 

elimination of potential cancer cells. Genes coding for proteins which participate in these processes 

are conveniently named tumor suppressor genes. Dlg is a tumor suppressor gene known for its ability 

to maintain cellular integrity and control proliferation. In tumor cells this gene is often switched off 

leading to uncontrolled cell division, invasive and metastatic behavior typical for tumor cells. In this 

study, Dlg was intentionally switched off to mimic the events occurring inside a tumor cell. This enables 

mapping of Dlg interactions inside the cell by analyzing the expression of other genes in this situation. 

Vitamin D3 and probiotic treatment with lactic acid bacteria have both been shown to have positive 

effects on cancer patients with regards to recovery and survival rate. Therefore, this study also aimed 

to examine the effects of vitamin D3 and probiotic treatment on Dlg expression hypothesizing that 

these treatments would lead to an increased Dlg expression thus resetting the normally decreased 

expression seen in cancer cells. 

In our study the knockdown was not successful until late in the project meaning that little time was 

left to study the gene interactions linked to decreased Dlg expression. However, the treatments were 

more extensively studied. Results showed that both vitamin D3 and probiotic treatment enhanced Dlg 

expression as hypothesized. Other genes were also analyzed which all, by various mechanisms, are 

linked to cellular defense against tumorigenesis. The expression of these genes was also increased 

suggesting that vitamin D3 and probiotic treatment have positive effects on several different 

mechanisms coupled to cellular defense mechanisms against cancer. 

These findings are of greatest importance to firstly understand the mechanisms by which cancer 

develop and secondly how new treatments work to prevent or treat cancer. If we can map the 

mechanisms underlying cancer we can also prevent them from manifesting. Also by understanding 

underlying mechanisms behind different treatments, it will be easier to tailor treatment depending on 

cancer form. This study presented results in line with this laying a few more pieces to the puzzle. 

 Prevention of disease and better treatments will not only save governments money and take pressure 

of public healthcare, but also lead to an overall healthier and happier population giving people a 

chance to live healthy and fulfilling lives. 
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1. Introduction 

Colorectal cancer (CRC) is one of the most commonly diagnosed cancer forms worldwide (World 

Cancer Research Fund International, 2015). In females, it is the second most frequently diagnosed 

cancer form after breast cancer. For males, it is the third most commonly found cancer form after lung 

cancer and prostate cancer. Age and unhealthy life style choices including processed foods, excessive 

alcohol composition and smoking are key risk factors associated with this disease. The prevalence of 

CRC is greater in highly developed countries since two-thirds of the total CRC cases worldwide are 

reported in western world countries (World Cancer Research Fund International, 2015).  

Pathways controlling apoptosis, metastasis, proliferation and cellular polarity are key mechanisms 

which are disrupted in neoplastic cells (Humbert et al., 2003). Genetic instabilities linked to CRC include 

gene mutations and numerous genes have been linked to CRC. Initiation of proto-oncogenes like KRAS 

located on chromosome 12p12.1 is one of the more common oncogenic activations. Inactivation of 

tumor suppressor genes also contributes to the initiation of abnormal cell proliferation and growth. 

Key tumor suppressor genes are APC and TP53 located on chromosome 5q22.2 and 17p13.1 

respectively. TP53 is the most frequently reported mutated tumor suppressor gene common for all 

cancer forms (Pappas et al., 2017). APC has recently been described as an important marker for CRC 

survival (Schell et al., 2016, Armaghany et al., 2012) (The human protein atlas, 2018).  

Membrane-associated guanylate kinases (MAGUKs) are a protein family of scaffolding proteins (Ye et 

al., 2017). These scaffolding proteins are key regulators of cellular behavior by acting on signaling 

pathways and enhancing molecular interactions inside the cell (Good et al., 2011). Common for all 

MAGUKs is the presence of a highly conserved PDZ-SH3-GUK (PSG) tandem domain located the C-

terminal end of the amino acid sequence (Ye et al., 2017). DLGs are scaffold proteins belonging to the 

MUGUK family. DLG variants commonly share the presence of three PDZ domains at the N-terminal in 

addition to the PSG tandem domain, a characteristic unique to the DLG subfamily (Zeng et al., 2018). 

These PSG tandem domains, and especially PDZ, function as protein-protein binding domain recruiting 

other proteins to protein complex formation. This also allows MAGUKs to bind to each other forming 

a PSG supramodule (Ye et al., 2017).  In epithelial tissue, DLG can bind Scribble and Lethal giant larvae 

forming the Scribble complex. This protein complex has a crucial role in maintaining apicobasal polarity 

as well as regulation of adherence junctions and tight junctions. Together with mechanisms enabling 

cell proliferation regulation these qualities give the Scrabble complex its tumor suppressor 

characteristics (Su et al., 2012). APC/ Dlg1 (mammalian) and DLG/ Veli/ CASK complexes are other 

examples of protein interactions involving DLG showing the wide repertoire of protein-protein 

interactions that DLG is capable of (Humbert et al., 2003). 

The discs-large (Dlg) gene is a tumor suppressor gene essential for epithelial cell polarity and 

proliferation (Guan et al., 1996, Humbert et al., 2003). Dlg also regulates synapse maturation and 

maintenance (Astorga et al., 2016) which has previously been shown to be downregulated in neoplastic 

cells (Gardiol et al., 2006). The human DLG gene is expressed as five different paralogues DLG1, DLG2, 

DLG3, DLG4, and DLG5 located on chromosome 3q29, 11q14.1, Xq13.1, 17p13.1 and 10q22.3 

respectively (Assémat et al., 2008). Evidence for functional preservation across mammalian species 

and Drosophila Melanogaster (Drosophila) have been confirmed by rescue of malfunctioning 

Drosophila Dlg with mammalian DLG1 and DLG3 to generate epithelial polarity (Thomas et al., 1997).  
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In Drosophila the expression is limited to a single Dlg orthologue corresponding to the human DLG 

genes.  Due to the presence of two transcription initiation sites in the Drosophila Dlg locus, this allows 

for transcription of two different proteins divided into an α and a β subunit. DLGA represents the α 

subunit whereas DLGS97 is the β subunit. The β subunit exhibits an L27 protein domain which is lacking 

in the α subunit making this the only structural difference between them (Astorga et al., 2016). The 

expression of DLGA and DLGS97 in Drosophila vary depending on their location. Dlg protein is found in 

epithelial tissues as well as synapses in both the central nervous system and peripheral nervous system 

(Guan et al., 1996). In neuromuscular junctions, presynaptically and postsynaptically, both α and β 

forms are expressed during larval stages. Later, both DLGA and DLGS97 are found in neurons and 

somatic muscles (Astorga et al., 2016). DLGA is additionally found in septate junctions in epithelial 

tissues (Guan et al., 1996, Woods et al., 1996). 

As stated before, Dlg proteins are subject to many protein-protein interactions through its PSG tandem 

domain and mutations as well as knockdown of the Dlg gene have been seen to generate tumors in 

the imaginal discs of Drosophila larva (Gan and Zhang, 2018, Assémat et al., 2008, Pastor-Pareja and 

Xu, 2013). Understanding how Dlg expression influence distinct genes and how gene products interact 

with each other is essential for our understanding of the Dlg role in tumorigenesis. Our increased 

knowledge about how environmental and epigenetic factors also influence these genes contribute to 

the search for new improved treatments. Findings, including vitamin D3 and probiotics, implicate a 

great impact on CRC cells when used as treatment. Vitamin D3 blocking actions on the Wnt/β-catenin 

signaling pathway leading to decreased cell proliferation is one important finding (Larriba et al., 2013). 

The mechanisms by which these treatments exert their actions are numerous and further studies need 

to be conducted to fully understand how they work for optimization of CRC treatment. Both vitamin 

D3 and probiotics have been shown to interact with numerous genes and both treatments have been 

seen to interact with mechanisms controlling cellular polarity (Motevaseli et al., 2017, Pálmer et al., 

2001). 

Vitamin D3 (1α,25(OH)2D3) deficiency has frequently been reported in CRC patients. Deficiency could 

be due to lack of dietary intake, sun exposure or both. Mutations in vitamin D receptor (VDR) caused 

by single nucleotide polymorphism have also been shown to contribute to disease (Ochs-Balcom et al., 

2008). Vitamin D3 has increasingly been targeted for cancer-associated research due to its seemingly 

positive effects on tumor cells. In CRC, increased vitamin D3 intake has been shown to decrease the 

number of neoplasms and decrease the overall occurrence of CRC. Increased dietary vitamin D3 intake 

also showed improved survival in CRC patients. Vitamin D3 interacts with several cellular processes to 

halt the progression of cancer (Klampfer, 2014). Vitamin D3 interacts with VDR as well as the protein 

disulfide isomerase A3 to activate signaling pathways inside the cell (Boyan et al., 2012). VDR has been 

shown to interact with, amongst other receptors, β-catenin and E-cadherin to promote differentiation 

of CRC cells in humans. Both are essential to integrity of cell polarity (Pálmer et al., 2001). E-cadherin, 

which is an important component of apical-basal polarization of epithelial cells, form the zonula 

adherence by localization guided by Crumbs. E-cadherin is also needed for localization of DLG1 in 

mammals to cell junctions in polarized epithelial cells (Humbert et al., 2003).  In CRC, the β-catenin 

signaling pathway is dysregulated in over 90% of all cases studied (Klampfer, 2014). This pathway is 

important for up regulation of several targets associated with cell cycle and growth contributing to cell 

proliferation. Overexpression of mammalian DLG3 led to degradation of β-catenin thus inhibiting the 

proliferative actions of β-catenin (Humbert et al., 2003). 
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An altered microflora has been observed in the colon of patients suffering from CRC (Hibberd et al., 

2017). Probiotics has therefore become another growing field of cancer research. Particularly lactic 

acid bacteria (LAB) have been proved to regulate and activate several mechanisms involved in limiting 

tumor progression and increasing regression. These mechanisms include apoptotic, antioxidative, 

epigenetic and immune response activities (Zhong et al., 2014). Lactobacillus acidophilus NCFM is a 

genetically modified LAB strain lacking the surface protein lipoteichoic acid. The previous study from 

Khazaie et al. (Khazaie et al., 2012) shows that oral treatment with Lactobacillus acidophilus NCFM 

strain in a colonic polyposis mouse model decreased the overall inflammatory and cancer-promoting 

immune reaction. Other studies have presented evidence of LAB ability to restore and maintain tight 

junction structures inside the cell. This is important for cellular adherence and structure thus 

establishing and maintaining polarity and preventing invasive and metastatic behavior (Hsieh et al., 

2015).  

The correlation between Dlg down regulation in CRC is clear. However, the specific link between Dlg 

expression and different treatments is not that extensively studied. Also, how target gene interactions 

are coupled to Dlg expression is a field of knowledge that needs to be expanded. Therefore, it is 

important to further deepen the knowledge about vitamin D3 and probiotic treatment in CRC and their 

link to the Dlg gene. Also, to study the effects of how Dlg expression in the Drosophila gut interacts 

with target genes in a tumor generating way. 

We hypothesize that the knockdown of Dlg in the Drosophila gut will influence the expression of other 

target genes. Also, that treatment with (1α,25(OH)2D3) and/ or probiotics (Bifidobacterium lactis BL04 

and Lactobacillus acidophilus NCFM) will separately and synergistically increase the expression of Dlg 

leading to rescue of the down regulated Dlg gene in Drosophila gut cells. 

The aim of the study was to investigate the outcome of Dlg knockdown in a Drosophila model in 

relation to alterations in the expression of other genes. This was done to pinpoint and map different 

genes that may be influenced by Dlg expression. This study also aimed to investigate the possibility 

that vitamin D3 and probiotic treatment could act as a gene rescue and increase the suppressed Dlg 

expression. Lastly, the present study aimed to analyze gene expression of different genes linked to 

vitamin D3 and probiotic treatments to investigate how these treatments influence the various target 

genes. 

Quantitative Real Time PCR (RT-qPCR) was done to analyze different gene expression levels resulting 

from the various treatments and knockdown and ΔΔCt values (Log2 fold change) were plotted and 

visualized in graphs. 

2. Materials and method 

2.1 Fly strains and food 

Fly stocks were purchased from the Bloomington Drosophila Stock Centre, USA. Fly strains used 

include: white control strain, UAS-RNAi-DLG, esgGAL4-GFP; tub-GAL80ts and da-Gal4. Knockdown was 

accomplished with the UAS-Gal4 system. GFP strain enable detection of successful knockdown through 

fluorescent microscopy. Temperature regulated knockdown is accomplished by Gal4 expression, Gal4-
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activation in the esgGAL4-GFP; tub-GAL80ts strain was achieved by inhibiting GAL80ts in temperatures 

higher than 29°C. Fly stocks were stored at room temperature on food containing a mashed 

potato/yeast/agar food base (Appendix 1). 

White control and UAS-RNAi-DLG flies were mated with esg-GAL4; tub-GAL80ts to generate tissue 

specific knockdown of Dlg in the colon stem cells. Crosses done with da-Gal4 generated progeny 

expressing Dlg knockdown in all cells. Crosses were made at 25°C. Eggs were collected and incubated 

at 29.5°C for 72 h on apple juice agar plates containing untreated, treated and placebo treated basic 

larval food (Appendix 1). Placebo food contained the same tablets as probiotic treated food but 

without LAB. Placebo was used to determine that changes in gene expression was caused by the effects 

of LAB and not the other ingredients in the tablet. Treatments included per 5g food: 0.5 - 1 probiotic 

tablets (ProBion Clinica: Bifidobacterium lactis BL04, Lactobacillus acidophilus NCFM), 100 µl Vitamin 

D3 (1α,25(OH)2D3) (2.5x10-3 µg/ml), 5 µl 5-Flourouracil (384 M) or 5µl Oxaliplatin (9295 M). Placebo 

food included per 5 g: 0.5 -1 placebo tablets (ProBion matrix: mainly inulin and xanthan). 

Dissection on UAS-RNAi-DLG and esgGAL4-GFP; tub-GAL80ts crosses was done after 72 h where 5 guts 

were removed and placed in 10 µl Bovine Serum Albumin. 3 whole larvae were collected for UAS-RNAi-

DLG and da-Gal4 crosses and placed in 10 µl Bovine Serum Albumin. 20 - 30 eggs were collected 

following the same procedure as described above. 

2.2 RNA extractions and purification 

Total RNA extractions and purifications were performed on guts, larvae and eggs using the RNAeasy® 

Mini Kit (Qiagen, Cat. No/ ID: 74104) according to manufacturer’s protocol. RNA was eluted in 30 µl 

RNase free water provided by the RNAeasy® Mini Kit. RNA purity and yield was further measured with 

the Nanodrop ND-1000 Spectrophotometer at absorbances 260 nm and 280 nm. A ratio of ~2 was 

considered pure which was true for all samples. Normalization dilutions of different RNA 

concentrations was done using nuclease free water. 

2.3 Reverse Transcription PCR 

Complimentary DNA (cDNA) synthesis by Reverse Transcription PCR was performed using the High 

Capacity cDNA Reverse Transcription Kit (Thermo Fisher Scientific, Cat. No./ ID: 4368814). Depending 

on RNA yield, 1-2 µg RNA was used per 20 µl cDNA synthesis reaction. Reverse Transcription PCR was 

run using the Biometra TProfessional Basic Gradient according to the following protocol: 25°C for 10 

minutes, 37°C for 120 minutes and 85°C for 5 minutes.  

2.4 Real Time Quantitative PCR 

RT-qPCR was done using TaqMan® Gene Expression Assays (Thermo Fisher Scientific) and FAM™ dye-

labeled MGB probe according to the following procedure: 1:40 TaqMan probe dilutions were made 

using nuclease free water. 2 µl probe was pipetted into appropriate wells of a 96-well RT-qPCR plate 

and left to dry for approximately 1 hour at 40°C. 1:8 - 1:100 cDNA dilutions were made depending on 

cDNA concentration. 2 µl TaqMan® Universal PCR Master Mix (Thermo Fisher Scientific) and diluted 

cDNA mix (1:1) was pipetted into the wells and RT-qPCR was run. List of the gene specific probes used 

are displayed in Table 1. RT-qPCR was run according to the following protocol: 50°C for 2 minutes, 95°C 
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for 10 minutes following 40 cycles of 95°C for 15 s and 60°C for 1 minute. ΔΔCt values were calculated 

and used for further statistical analysis. 

 

Table 1. TaqMan probes used for RT-qPCR where RPL32 was used as a reference gene.  

Fly gene name Human gene name Probe ID 

Dlg1 DLG1 Dm01799281_g1 

Veli LIN-7 Dm02144568_g1 

RPL32 PRL32 Dm02151827_g1 

Mekk1 MAP3K1 Dm02142026_g1 

PGRP-SB1 PGLYRP Dm01805870_g1 

Drsl2 - Dm01832532_s1 

Traf6 TRAF6 Dm01813209_s1 

Egr TNF Dm01794373_m1 

Akt1 AKT1 Dm02149560_g1 

Mpk2 MAPK14 Dm02361516_sH 

Rack1 RACK1 Dm01842879_g1 

BetaGlu GUSB Dm02146893_g1 

Atta - Dm02362218_s1 

SoxN SOX Dm01825973_s1 

Pi3K PIK3 Dm02142679_g1 

PTEN PTEN Dm01844965_g1 

 

2.5 Statistical analysis 

Statistical analysis was done using Mann-Whitney U test for not normal distribution and Independent 

Samples T-test for normal distribution to determine statistically significant differences between the 

different knockdown experiments. Shapiro-Wilk normality test was used to determine if samples were 

normally distributed. Two-way ANOVA was used for comparisons between the different genes and 

treatments followed by Sidak’s multiple comparisons test. A p-value <0.05 was considered statistically 

significant. All statistical analysis was performed in GraphPad Prism 7.04. 
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2.6 Ethical considerations 

No ethical approval was needed for research using the Drosophila model. However, the well-being of 

these animals is of greatest importance and the three R’s were strictly followed during this research. 

3. Results 

The link between Dlg downregulation and tumorigenesis is clear as previously stated. Also, the capacity 

for the multiple protein-protein interactions available for Dlg makes it an interesting target for 

knockdown studies and gene expression analysis. A knockdown of Dlg would thus mimic the genotype 

of a neoplastic CRC cell enabling gene expression analysis with regards to Dlg expression.     

3.1. Knockdown 

Tissue specific knockdown in gut stem cells of Drosophila or complete knockdown in all cells was done 

using the UAS-GAL4 system. Tissue specific knockdown in colon stem cells was initially attempted using 

esgGAL4-GFP; tub-GAL80ts and UAS-RNAi-DLG strains. Visualization of knockdown using fluorescent 

microscopy was possible due to the GAL4-GFP tag, which showed signs of successful knockdown in gut 

stem cells (Figure 1). However, statistical analysis revealed no significant decrease in Dlg expression 

compared to the control. On the contrary, Dlg was upregulated compared to the control when 

analyzing the gut (Figure 2A). 

 

Figure 1. GFP expression in Drosophila larval gut visualized using fluorescent microscopy. 

Instead, a UAS-RNAi-DLG and da-Gal4 cross was made to evaluate the effects of knockdown in all larval 

cells. This test cross showed a slight decrease in Dlg expression compared to control larvae, although 

no significant difference (Figure 2B). The poor knockdown effects seen were further investigated by 

analyzing Dlg expression in Drosophila eggs. If knockdown appears too strong, cellular polarity may be 

disrupted in early embryonic stages causing death to individuals with successfully expressed 

knockdown before hatching. To overcome this potentially premature death, progeny in the following 

experiment was not incubated at 29.5°C until first instar larval stage. Drosophila eggs showed a slight 

decrease in Dlg expression compared to control eggs (Figure 2C) whereas the larvae subject to later 

incubation displayed a slightly increased expression (Figure 2D). With respect to the slight decrease in 

Dlg expression accomplished by properly incubated progeny seen in Figure 2B and Figure 2C a fourth 
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experiment was conducted repeating these conditions. Data shown in Figure 2E reveal a significant 

decrease in Dlg expression compared to control larvae concluding a successful knockdown of Dlg. All 

RNA extractions for knockdown analysis were done on third instar larvae after approximately 72 hours 

after the eggs were laid, independent of incubation time. 
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Figure 2. Dlg expression between the different strains (white and UAS-RNAi-DLG) analyzed with RT-qPCR during 

the different attempts to achieve dlg knockdown. ΔΔCt values (log2 fold change) plotted on Y-axis. A) esgGAL4-

GFP; tub-GAL80ts used for knockdown. Incubation at 29.5°C at fetal stage. Any statistical significance was 

determined by an Unpaired T-test (n=3 for each group). df=3. B) da-GAL4 used for knockdown. Incubation at 

29.5°C at fetal stage. Any statistical significance was determined by an Unpaired T-test (n=6 for each group). 

df=8. C) da-GAL4 used for knockdown. Incubation at 29.5°C at fetal stage. Any statistical significance was 

determined by a Mann-Whitney U test (n=6 for each group). D) da-GAL4 used for knockdown. Incubation at 

29.5°C at first instar larval stage. Any statistical significance was determined by a Mann-Whitney U test (n=3 for 

each group). E) da-GAL4 used for knockdown. Incubation at 29.5°C at fetal stage. Any statistical significance was 

determined by an Unpaired T-test (n=3 for each group, p=0.0036). Error bars represent SEM, df=4. Asterisks 

denote a significant difference compared to control (**p<0.01).  Df = degrees of freedom. n = sample size. DLG 

fetal = incubation at fetal stage. DLG 1st instar = incubation at 1st instar larval stage. 

 

3.2. Treatments 

Concerning the late success of Dlg knockdown, gene expression linked to the different treatments was 

not investigated with regards to knockdown specifically but rather looked at separately. Gene 

expression analysis on treated larvae was done on esgGAL4-GFP; tub-GAL80ts progeny with genetic 

material harvested from the gut. The treatments were compared both between the different treated 

strains used and between treated and untreated larvae. 

Effects of vitamin D3 treatment on Dlg, Veli, PGRP-SB1, Drsl2, Traf6 and MPK2 gene expression 

Vitamin D3 deficiency is, as mentioned above, frequently reported in CRC patients. Vitamin D3 has been 

proven to interact with multiple pathways and receptors including those linked to cellular polarity 

(Pálmer et al., 2001). Taking this into consideration, along with the commonly seen down regulation 

of DLG in CRC patients, it highlights the importance of investigating the link between Vitamin D3 

deficiency and Dlg down regulation. Between the different strains, the only significant difference 

between treated white control larvae and DLG larvae was the expression of Veli, which was 

upregulated in DLG larvae compared to white larvae (Figure 3A). When comparing treated larvae with 

untreated on the other hand, all genes studied exhibited various degrees of upregulation. Several 

genes also displayed significant upregulation in treated larvae compared to untreated (Figure 3B). 

Significantly upregulated genes include Veli (p=0.0042), PGRP-SB1 (p<0.0001), Drsl2 (p=0.0003) and 

MPK2 (p=0.0049) (Figure 3B). Dlg showed, however not significant, a slight increase in expression in 

the treated larvae (Figure 3B). These results indicate that vitamin D3 does interact with multiple genes 

in various pathways. 
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Figure 3. Changes in gene expression following vitamin D3 treatment. Comparisons done between the two 

different treated strains (A) and treated larvae compared to control (B). Asterisks denote a significant difference 

compared to control or White strain (**p<0.01, ***p<0.001 and ****p<0.0001). Analysis was done using RT-

qPCR. ΔΔCt values (log2 fold change) were plotted on Y-axis. Df = degrees of freedom. n = sample size. A) White 

and UAS-RNAi-DLG progeny compared. Any statistical significance was determined by a Two-Way ANOVA 

followed by Sidak’s multiple comparisons test (n=3 for each group). P<0.0001 for Veli, df=24. B) Treated larvae 

compared to untreated control larvae. Any statistical significance was determined by a Two-Way ANOVA 

followed by Sidak’s multiple comparisons test (n=6 for each group). P= 0.0042 for Veli, p<0.0001 for PGRP-SB1, 

p=0.0003 for Drsl2 and p= 0.0049 for MPK2. Df=60.  
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Effects of probiotic treatment on Dlg, PGRP-SB1 and Egr gene expression 

Further on, probiotic treatment has been seen to decrease the overall inflammatory and cancer-

promoting immune reactions (Khazaie et al., 2012) in a mouse model. Since an altered microflora has 

been observed in many CRC cases, treatment with certain probiotics to improve the gut microbiome 

is an interesting field of research in CRC. Data from probiotic treatment in this study showed no 

significant difference in gene expression between white control and DLG strains. However, both strains 

follow the same pattern of upregulated expression of all genes. DLG strain display in most cases a 

slightly higher expression than control larvae (Figure 4A). When comparing untreated larvae to treated 

larvae, three genes were seen to be significantly upregulated in treated larvae: PGRP-SB1 (p<0.0001), 

Egr (p<0.0001) and Dlg (p=0.0113). A slight upregulation can also be seen in the other genes from 

treated larvae (Veli, Drsl2, Traf6, Mekk1, MPK2, Rack1, Atta and Pi3K) even though the difference 

compared to control samples is not significant (not shown). 
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Figure 4. Changes in gene expression following probiotic treatment. Comparisons done between the two 

different treated strains (A) and treated larvae compared to control (B). Asterisks denote a significant difference 

compared to control or White strain (*p<0.05 and ****p<0.0001). Analysis was done using RT-qPCR. ΔΔCt values 

(log2 fold change) were plotted on Y-axis. Df = degrees of freedom. n = sample size. A) White and UAS-RNAi-DLG 

progeny compared. Any statistical significance was determined by a Two-Way ANOVA followed by Sidak’s 

multiple comparisons test (n=3 for each group), df=12. B) Treated larvae compared to untreated control larvae. 

Any statistical significance was determined by a Two-Way ANOVA followed by Sidak’s multiple comparisons test 

(n=6 for each group). P= 0.0113 for Dlg, p<0.0001 for PGRP-SB1, p<0.0001 for Egr. Df=30. 

 

4. Discussion  

Dlg is a tumor suppressor gene expressed mainly in neurons and epithelial cells. Its presence is of 

greatest importance for cellular polarity, integrity and proliferation (Guan et al., 1996, Humbert et al., 

2003). Dlg is commonly down regulated in neoplastic cells (Gardiol et al., 2006) meaning that in one 

way or another, Dlg expression is decreased in tumor cells. A knockdown of Dlg would isolate pathways 

linked to Dlg expression enabling analysis on genes co-expressed with Dlg to better understand how 

these pathways work in tumor cells. 

A first attempt of tissue specific knockdown done on UAS-RNAi-DLG and esgGAL4-GFP; tub-GAL80ts 

progeny revealed an increased Dlg expression in the gut compared to white control stain (Figure 2A). 

Several experimental factors may have influenced knockdown outcome as well as faulty genetic 

mechanisms responsible for Dlg silencing. When knocking down Dlg specifically in the gut stem cells, 

surrounding tissue might increase their expression by compensatory mechanisms. While harvesting 

the guts, surrounding tissue might have been collected by chance leading to an overall increased Dlg 

expression masking the knockdown. Another experimental error could have been while preparing 

knockdown crosses. Male and females were separated to conduct the correct cross. If an error was 

made at this stage, F1 progeny’s desired genetic makeup may have been disrupted leading to 

unwanted genotypes. Since GFP expression was visualized by fluorescent microscopy (Figure 1), this 

should evidently also equal GAL4 co-expression. Therefore, a faulty co-expression could be possible. 

Another explanation could simply be a weak driver controlling GAL4 expression. GAL4 expression might 

therefore be insufficient enough to silence Dlg. 

Observations concerning what appeared to be mold on larval food was made. Mold spores had 

probably contaminated the apple juice agar plates used since later experiments conducted with new 

plates did not suffer this consequence. Although not having identified the fungi, mycotoxins in general 

are known to cause cellular stress leading to health issues and even cancer if ingested (Braun et al., 

2018). An upregulation of Dlg in such a situation could therefore be a consequence of cellular stress to 

prevent loss of polarity, although this is a field yet to be investigated. 

Unsuccessful knockdown with esgGAL4-GFP; tub-GAL80ts strain led to a conducted test cross with da-

GAL4. This knockdown should affect all cells in the larvae. Results in Figure 2B display a slight decrease 

in Dlg expression compared to control. Considering that da-GAL4 should accomplish full body 

knockdown of Dlg, these results seemed weak. The fact that Dlg is essential for cellular polarity could 

mean that larval fetuses expressing strong knockdown might not survive early in development due to 



                                                            - 12 - 

 

tissue disruption. The larvae expressing a weaker driver would therefore be the ones surviving. Further 

experiments investigating Dlg expression in eggs (17 h incubation) and larvae incubated at first instar 

larval stage were done. 

In case that individuals expressing a strong driver died during early development, incubation at 29.5°C 

was not done until first instar larval stage. Eggs and larvae were kept at room temperature until then. 

A knockdown would therefore not disrupt tissue maturation to the same extent although knockdown 

would be prominent. Interestingly Figure 2D revealed an increased Dlg expression. Incubation at first 

instar larval stage was therefore not enough to silence Dlg.  

Gene expression analysis on eggs were done to rule out the possibility that individuals expressing a 

strong driver were killed during fetal stages. Figure 2C show striking similarities in expression when 

compared to Figure 2B leading to the conclusion that larval fetuses experience the same expression as 

third instar larvae thus excluding the possibility of prominent differences between individuals. 

Evaluation of the different conditions resulted in a third da-GAL4 cross replicating the conditions from 

the first test cross (Figure 2B). Results now uncovered a significant decrease of Dlg expression 

compared to control larvae (Figure 2E). Error bars in Figure 2B indicate a rather large variance over the 

data points compared to Figure 2E which could be a reason behind the difference in expression 

between these two. This error could be due to pipetting that improved over time generating greater 

data accuracy during later experiments. 

Treatment of CRC patients with vitamin D3 has been shown to decrease the overall occurrence of 

tumor cells as well as increase the survival rate for treated patients (Klampfer, 2014). These anticancer 

effects are due to its antiproliferative effects as well as inhibition of angiogenesis and induction of 

proapoptotic pathways (Deeb et al., 2007). Results from vitamin D3 treatment in this study showed an 

overall upregulation of gene expression in both strains with DLG larvae being slightly more increased 

(Figure 3A). A significant difference between the strains was seen in Veli where DLG larvae exhibited 

higher expression than the white control strain. An explanation could be the upregulation of Dlg 

encountered in the experiment used for this gene expression analysis (Figure 2A). This may have 

influenced expression of these genes, although not significantly except for Veli. Further analysis on this 

subject is however needed to draw any conclusions about the data. 

When comparing vitamin D3 treated larvae with untreated control, an upregulation was encountered 

in treated samples with significant differences in Veli, PGRP-SB1, Drsl2 and MPK2 (Figure 3B). PGRP-

SB1 and Drsl2 are genes essential for innate immunity in Drosophila commonly activated in response 

to bacterial and fungal invasion. Drsl2 is located downstream of PGRP-SB1 in the Toll pathway (Gendrin 

et al., 2013) indicating a positive correlation between these two. These results speak for Toll pathway 

activation as well. Toll pathway induction may have been accomplished by vitamin D3 treatment. It 

may also a result from moldy food if the amount of mold differed between vitamin D3 treated food 

and control food, or if mold sensitized the larvae to vitamin D3 treatment. Considering the antifungal 

mechanisms induced by this pathway, the latter would seem a more reasonable explanation. However, 

further studies with non-contaminated food is needed to accurately address and establish the reason 

behind this result. 
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As stated previously, VDR interacts with β-catenin in Wnt-signaling/ β-catenin pathway (Pálmer et al., 

2001). β-catenin normally functions as a cell adhesion protein linked to E-catenin in the membrane 

which, in lack of upstream Wnt signaling, is continuously phosphorylated and marked for degradation 

by the ubiquitin system (Johnson et al., 2005). Activation of Wnt signaling pathway by Wnt disrupts 

phosphorylation and subsequently leading to accumulation of cytosolic β-catenin followed by 

translocation to the nucleus. Initiated transcription of target genes associated with cellular growth, 

invasiveness and proliferation followed by activation of transcription factors T cell transcription factors 

and lymphoid enhancer-binding factor 1 (Khramtsov et al., 2010, Pálmer et al., 2001). VDR has been 

seen to compete with β-catenin for T cell transcription factors binding thus preventing transcription of 

β-catenin target genes implicating tumor suppressor activity. VDR also increased E-cadherin expression 

and transported β-catenin to the membrane thus further preventing gene activation and enhancing 

cellular polarity (Pálmer et al., 2001). Like Dlg, β-catenin exhibits a PDZ binding domain enabling a 

variety of protein-protein interactions. Evidence for direct β-catenin regulation of Dlg expression is 

presented by Subbaiah et al. (Subbaiah et al., 2012). Overexpression of β-catenin decrease Dlg levels 

by increased turnover by proteasome degradation. The link between vitamin D3 and Dlg expression 

might therefore also be through β-catenin. If vitamin D3 treatment decrease the activity and 

overexpression of β-catenin, this might result in increased Dlg expression which is what Figure 3B 

shows. β-catenin also interacts, together with E-cadherin, with Veli (Lin-7) at membrane junctions. This 

interaction is essential for cell-to-cell adherence, and disruption commonly cause metastatic behavior 

(Uzawa et al., 2014). This study also suggests that Veli is a component of β-catenin signaling in the Wnt 

pathway which is coupled to membrane adherence. If VDR is proven to translocate β-catenin to 

membrane E-cadherin this might affect Veli as well as leading to the increased Veli expression which 

is needed for complex formation (Figure 3B). VDR could also directly be influencing the expression of 

Dlg and Veli leading to restored polarity in carcinomas.  

MPK2 (p38α) is subject to activation by a variety of genes in the mitogen-activated protein kinase 

signaling pathway. Upstream regulation is controlled by three different mitogen-activated protein 

kinase kinases (MKK), MKK6, MKK3 and MKK4 depending on the source of activation (Brancho et al., 

2003). Further upstream Traf6, amongst others, is proven to be a potent activator of Tak1 which in 

turn activates MKKs above p38α (Yamashita et al., 2008, Kyriakis and Avruch, 2001). Interestingly both 

p38α and Traf6 are upregulated compared to control following vitamin D3 treatment. This indicates 

interaction between Traf6 and VDR ultimately leading to induced expression of p38α. P38α is known 

to regulate cellular survival and apoptosis by various mechanisms. Interactions with PP2A have been 

suggested to inhibit phosphorylation of Akt in Pi3K/Akt pathway thus preventing survival signals 

ultimately leading to apoptosis. P38α also inhibits ERK survival signaling in Ras/Raf signaling pathway. 

P38α also positively regulate apoptotic pathways through activation of Bax and Fas. Further activation 

of caspases subsequently results in apoptosis (Porras et al., 2004). An upregulation of p38α would 

through these mechanism lead to decreased cell survival and/or apoptosis. Results from this study 

indicate an upregulation of p38α through Traf6 post vitamin D3 treatment (Figure 3B) which would 

therefore contribute to decreased survival and inductions of apoptosis explaining vitamin D3 antitumor 

characteristics discussed earlier. 

When it comes to probiotic treatment, Figure 4A show no significant difference between the strains. 

However, in most cases, DLG larvae show a slightly more upregulated expression of the genes tested 

compared to white control larvae. The reason for this, as described earlier, could be the slight 
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upregulation of Dlg in the samples used for this analysis (Figure 2A) which in turn affected expression 

of other genes linked to Dlg. 

An altered gut microbiome has previously been linked to CRC. An overgrowth of pathogenic bacteria 

cause release harmful chemicals changing the environment inside the gut. Supplementation with 

probiotic lactic acid bacteria (LAB) was proven to enrich the diversity of bacteria with beneficial effects 

(Hibberd et al., 2017). Different strains of LAB have been shown to restore and maintain tight junction 

structures in epithelial cells thus protecting cellular integrity and polarity (Hsieh et al., 2015). Figure 4B 

clearly shows an upregulation of Dlg expression in probiotic treated larvae compared to control. 

Because various probiotic strains of LAB possess the ability to restore tight junctions, an upregulation 

of Dlg might be one mechanism by which reconstruction of polarity is achieved. These findings of a 

significantly increased Dlg expression renders probiotic treatment a good candidate for Dlg gene 

rescue in CRC. 

Egr is the Drosophila orthologue of human TNF. Egr exhibit tumor suppressor functions by deleting 

oncogenic cells through JNK-dependent apoptosis (Igaki et al., 2009). Increased Egr expression would 

thus result in activation of JNK-dependent apoptotic pathways subsequently eliminating target cells. 

An upregulation of Egr is clearly seen in Figure 4B where a significant upregulation in gene expression 

is prominent. Pro-apoptotic mechanisms through Egr activated JNK signaling could therefore be one 

of the beneficial effects of probiotic treatment in neoplastic cells. 

Immune system activation is crucial for battling cancer where both innate and adaptive immune 

response pathways are activated (Owen et al., 2009). PGRP-SB1 has immune modulatory actions 

exerted through Toll and Imd signaling pathways triggered by peptidoglycan recognition in bacterial 

cell walls and fungal antigens (Zaidman-Rémy et al., 2011, Gendrin et al., 2013). PGRP-SB1 expression 

was significantly increased compared to control (Figure 4B). Drsl2 on the other hand was not amplified 

the same way by LAB (not shown) suggesting a different pathway activation than seen in results from 

vitamin D3 treatment (Figure 3B). Imd signaling might therefore be activated leading to enhanced 

immune responses helpful in fighting tumor progression. Imd signaling pathway is also strikingly similar 

to human TNF-pathway and has been seen to interact with JNK-singling pathway. Pathway crosslinking 

is mediated through Tak1 interactions (Kleino et al., 2005). If this is the case for probiotic treatment, 

PGRP-SB1 might active JNK-mediated apoptotic pathway through Imd pathway activation. However, 

further analysis regarding Tak1 gene expression and protein interaction must be done to confirm this 

statement. 

4.1. Ethical aspects and impact on society 

As stated before, CRC is one of the most frequently diagnosed cancer forms in the world for both men 

and women. Combining factors such as age, life style, processed food, alcohol, and obesity are all 

contributing to these numbers. Sadly, these are numbers that continue to increase due to a general 

unawareness about the link between unhealthy life style choices and disease. In 2012, an estimate of 

1.4 million new diagnoses was reported each year worldwide. Shockingly, by the year of 2035, these 

numbers are estimated to 2.4 million new cases of CRC each year. Today’s knowledge about causes 

and treatment linked to CRC is clearly insufficient. It is critical that research for new effective 

treatments are prioritized to address this issue. By increasing our knowledge about how unhealthy life 

styles influence the onset and progression of CRC, we will also begin to master the tools for prevention 
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of this disease. New effective treatments will not only save lives but also reduce the strain on public 

healthcare which will lead to better public health and an overall healthier population. Identification 

and isolation of target genes linked to CRC is essential for deeper understanding behind disease onset 

and mechanisms driving CRC progression. This study has highlighted positive effects on gene 

expression of several genes with antitumor activities post vitamin D3 and probiotic treatment. 

Due to ethical considerations, human models are not used in these early steps of the research process. 

The Drosophila model enables bypass of most ethical issues since no ethical approval is needed for 

research. However, the well-being of these animals is of greatest importance and the three R’s was 

strictly followed during this research. The Drosophila model possess several advantages where short 

generation time, large progeny, easy genetic manipulation and cheap laboratory culturing are a few. 

In cancer research, this model is exceptionally good since a range of different arrays can be combined 

to for advances analysis. The ease of which tumors can be induced as well as the resemblance to how 

tumor onset and progression in epithelial tissues unfold compared to humans, also contribute to the 

advantages of the Drosophila model. 

In conclusion, findings from this study suggest that treatment with either vitamin D3 or probiotics have 

positive effects on gene expression linked to cellular polarity, growth regulation and apoptosis. Most 

importantly, both treatments increased Dlg expression compared to control with probiotic treatment 

showing a significantly increased expression. However, future research is needed to fully understand 

the precise pathways and protein interactions activated following these treatments.  Due to 

continuous troubleshooting of Dlg knockdown, there was no time for gene expression analysis with 

regards to Dlg knockdown. Future studies concerning this must be done to fully understand the role 

of Dlg in CRC progression. By completing this puzzle, we are one step closer to uncovering the cure 

and prevention for CRC. 
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Appendix 1 – Food preparations 

1.1. Apple juice agar plates 

Apple juice agar plates was prepared for the flies by mixing 800 ml tap water with 18 g of bacto agar-

agar. This was brought to a boil and 20 g sucrose and 200 ml of diluted apple juice (1:4 dilution factor 

(50 ml concentrated apple juice into 150 ml water)) was added while mixing.  The mixture was cooled 

to ~50°C and 12 ml of a 10% ethanolic (99% ethanol) Nipagin (Methylparaben or E218) solution was 

added. The apple juice agar mix was pipetted into small agar plates (10 ml in each plate) and left to 

solidify. 

1.2. Basic larva food 

Basic larva food was prepared by mixing 25 g agar-agar with 275 ml water and brought to a boil. 125 

ml corn syrup, 100 g potato mash powder and 40 g dry yeast was added and boiled while mixing for 

30 minutes. The mix was cooled to 50°C and 2.75 g ascorbic acid and 21 ml of a 10% ethanolic (99% 

ethanol) Nipagin (Methylparaben or E218) solution was added while mixing. The mix was poured into 

veils and filled approximately 1/3 of the veil. The mix was left to solidify and cotton lids were places in 

each veil. Veils were stored at 4°C. 

1.3. Individual larva food 

Individual larva food preparations as done by mixing 33 ml tap water with 17 ml concentrated apple 

juice and brought to a boil. 18 g inactive yeast, 20 g potato powder and 4 g sucrose was added and 

mixed thoroughly. Additional water was added until desired consistency. The mix was stored in fridge 

at 4°C. 

 

 

 


