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Abstract  

Hyperglycemia, characterized by elevated blood glucose levels, is a major risk factor for the development of type 2 

diabetes mellitus and its associated complications, including organ dysfunction and immune system impairment. 

Oxidative stress induced by hyperglycemia is known to disrupt cellular immune mechanisms, including phagocytosis, 

which is crucial for eliminating pathogens and damaged cells. This study aimed to assess the effects of a high-sugar diet 

(HSD) on phenotypic traits, phagocytosis, and expression of immune-related genes in Drosophila melanogaster wild-

type w1118 and mutant itgbn2, which serves as a model organism for hyperglycemia. A phenotypic assay was conducted 

by observing glucose levels, development, body weight, crawling, and activity, as well as molecular analysis using the 

RT-qPCR method. The results showed that HSD treatment significantly increased hemolymph glucose levels and reduced 

larvae body weight, crawling ability, and developmental progression to the pupae and adult stages. Molecular analysis 

revealed a significant upregulation of pro-apoptotic gene expression in w1118 larvae, rpr expression increased by 

approximately 9% (p < 0.05), while in the itgbn² mutant, the increase was more substantial, reaching about 21% (p < 

0.01). The grim expression was also significantly elevated in itgbn² larvae by around 25% (p < 0.001). In contrast, the 

phagocytic receptor gene drpr was markedly downregulated in w1118 larvae, showing a 50% reduction under HSD (p < 

0.0001). In contrast, no significant changes were observed in the itgbn² mutant, a phagocytosis receptor involved in the 

elimination of apoptotic cells, which may reflect limited activation of integrin associated signaling pathways necessary 

for transcriptional responsiveness under hyperglycemic stress. Overall, these findings suggest that hyperglycemia induced 

by an HSD is associated with increased apoptosis and reduced phagocytic activity, possibly through disrupted integrin-

mediated signaling in the itgbn² mutant, which may contribute to cellular immune dysfunction under hyperglycemic 

conditions. This study offers new insights into the molecular mechanisms underlying immune dysregulation in 

hyperglycemic conditions, highlighting the therapeutic potential of targeting phagocytic pathways to prevent diabetes-

related complications in the future. 
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Introduction 

Hyperglycemia, characterized by blood glucose 

levels exceeding normal physiological limits, is a major 

contributor to mortality in individuals aged < 70 years  

 

[1]. In 2021, over 500 million people worldwide were 

living with diabetes, a number expected to rise to 1.3 

billion by 2050 [2]. Indonesia currently ranks fifth 
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globally in diabetes prevalence [3]. Uncontrolled 

hyperglycemia significantly increases the risk of organ 

damage especially in the eyes, kidneys, heart, and 

nerves primarily through inflammation and oxidative 

stress [4, 5]. 

Hyperglycemia-induced oxidative stress triggers 

the release of pro-inflammatory mediators, such as IL-6 

and TNF-α, while activating biological pathways that 

contribute to cellular damage, including glucose 

autoxidation, the polyol pathway, advanced glycation 

end product (AGE) formation, and Protein Kinase C 

activation [6, 7]. These processes refer to chronic 

hyperglycemia-induced cellular stress, including 

oxidative stress and inflammation, which contribute to 

β-cell apoptosis [8, 9]. Apoptosis is a programmed cell 

death essential for maintaining cellular homeostasis and 

facilitating tissue regeneration [10]. Chronic 

hyperglycemia disrupts various physiological functions, 

particularly in the cellular immune system. One of the 

most affected mechanisms is phagocytosis, the process 

by which immune cells remove apoptotic cells and 

harmful foreign substances [9]. Impaired phagocytic 

activity exacerbates inflammation, diminishes the 

efficacy of the immune system, and increases 

susceptibility to chronic diseases [11]. 

Phagocytic cells clear apoptotic cells to prevent 

further damage to the surrounding tissues [12]. An 

enhanced phagocytic response can reduce necrosis and 

accelerate tissue repair [13, 14]. Previous studies in 

mammalian models have shown that HSD can 

downregulate the expression of phagocytic receptors, 

potentially exacerbating tissue damage [15]. Although 

mammalian models have provided important insights 

into immune-metabolic interactions, their use is often 

limited by ethical concerns, high experimental costs, 

and complex handling requirements. Thus, alternative 

models are needed to explore conserved mechanisms in 

a simpler and more genetically tractable organism. 

Drosophila melanogaster serves as an ideal model in 

this regard, offering low maintenance cost, ease of 

handling, extensive genetic tools, and evolutionary 

conservation of major immune pathways [16].  

Drosophila has been extensively used as a 

research model to investigate various biological 

mechanisms at the cellular and molecular levels, 

including apoptosis, necrosis and phagocytosis [17]. A 

key advantage of this model is the remarkable similarity 

between its cellular immune system and that of 

mammals, particularly the role of hemocytes in 

phagocytosis and immune responses [18, 19]. With 

approximately 75% genetic homology to humans, 

Drosophila serves as a powerful model for studying the 

pathways and receptors involved in the recognition and 

elimination of apoptotic and necrotic cells [20]. In 

Drosophila, phagocytic receptors such as Integrin βν 

and Draper play crucial roles in recognizing and 

eliminating apoptotic and necrotic cells [21, 22]. 

Integrin βν shares structural and functional similarities 

with mammalian integrins, whereas Draper is 

homologous to mammalian MEGF10 (Multiple EGF-

like Domains 10) [23]. Given these characteristics, 

Drosophila represents a highly advantageous model for 

investigating immune and metabolic homeostasis in 

vivo. In the context of drug discovery, biological models 

such as Drosophila contribute to the early preclinical 

phase of research. Drug development typically 

progresses stepwise, beginning with in vitro and in vivo 

preclinical studies to identify molecular targets and 

mechanisms, which are then validated through clinical 

trials in humans. Therefore, this model plays a crucial 

role in exploring the molecular mechanisms underlying 

disease pathology and in identifying potential 

therapeutic targets for future intervention. 

This study utilized the Drosophila itgbn2 mutant, 

which lacks Integrin βν receptors, in conjunction with 

the w1118 strain as a control, to analyze phenotypic 

characteristics and gene expression. In addition, Draper 

gene expression was assessed as a marker of phagocytic 

activity. This study aimed to evaluate the role of the 

cellular immune system, particularly phagocytic 

mechanisms, under hyperglycemic conditions. This 

investigation focused on the function of phagocytic 

receptors, such as Integrin βν and Draper, in the 

recognition and elimination of apoptotic and necrotic 

cells. The findings from this study are expected to 

provide novel insights into immune dysfunction 

associated with hyperglycemia and support the 

development of innovative therapeutic strategies 

targeting phagocytic receptors to enhance immune 

responses in hyperglycemia related complications. 

Particularly, they will leverage Drosophila as a 

genetically tractable model to explore conserved 

mechanisms that remain underexplored in current 

literature. 
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Materials and methods 

Sucrose (CAS No.: 57-50-1, Smart Lab, 

Indonesia) and Glucosexidase-Peroxidase 

Aminoantipyrine (GOD-PAP) reagent (Glory 

Diagnostics, Barcelona, Spain) were used in this study. 

Drosophila w1118 and itgbn2 lines (Laboratory of Host 

Defence and Responses, Kanazawa University, Japan) 

were used as model organisms in all experiments. The 

flies were maintained at a constant temperature of 25°C. 

In the current study, flies were subjected to a normal diet 

(ND) or a high-sugar diet (HSD). The diet compositions 

are listed in Table 1.

 

Table 1 Composition of the experimental diets. 

Ingredients Normal Diet (ND) High Sugar Diet (HSD) 

Corn meal (g) 7.5 7.5 

Yeast (g) 2.5 2.5 

Agar (g) 0.9 0.9 

Sucrose (g) 4.5 30 [24] 

Propionic Acid (µL) 400 400 

Methyl Paraben (µL) 450 450 

Water (mL) 100 100 

  

 

Hyperglycemia model establishment 

Drosophila used in this study were 3 - 5 days old. 

Twenty flies (10 males and 10 females) were mated on 

either ND or HSD diet. The mating period lasted 5 - 7 

days to produce third-instar larvae, which were 

identified by their movement along the walls of the vial. 

The collected larvae were used for further analysis.

 

 

 

Figure 1 The experimental groups consisted of Drosophila larvae from 2 genotypes (w1118 and itgbn²) fed either ND or 

HSD, resulting in 4 treatment combinations: w1118 ND, w1118 HSD, itgbn² ND, and itgbn² HSD. ND, normal diet. HSD, 

high sugar diet. 

 

 

Hemolymph glucose levels 

 Approximately 70 third instar larvae were 

collected to obtain hemolymph for glucose 

concentration measurements [25]. Larvae were 

collected at different time points between the control 

and HSD groups because of the observed developmental 

delays in the HSD group. The larvae were placed in 

microtubes and homogenized using a micropestle. 

Following homogenization, the samples were 

centrifuged at 4 °C and 1,600 rpm to extract the 
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hemolymph. Hemolymph (10 μL) was pipetted and 

transferred to microtubes containing 1 mL of GOD-PAP 

reagent. The resulting mixture was incubated for 10 min 

at room temperature, after which the absorbance was 

measured using a UV-Vis spectrophotometer 

(Shimadzu UV-1800, Shimadzu Corp., Kyoto, Japan) at 

a wavelength of 500 nm. 

 

 Survival assay 

A survival assay was conducted to assess the 

lifespan of the treatment group, starting from the 

second-instar larvae. A total of 20 larvae from each 

group were placed in vials containing fresh feed 

according to group division. The number of larvae that 

developed into pupae and the number of pupae that 

emerged as adult flies were recorded. 

 

Determination of body weight and size of larvae 

Body weight measurements were conducted on 

third-instar larvae that were washed with NaCl using an 

analytical balance (Sartorius®) [26]. Body size was 

measured using a digital caliper (Taffware, Indonesia). 

 

Crawling and locomotor assay 

The crawling assay was conducted as previously 

described [27]. The objective of this study was to 

evaluate the impact of HSD on the motor activity of 

Drosophila larvae. Third-instar larvae from each 

treatment group were placed in Petri dishes containing 

2% agar. Their crawling activity was observed for 1 min, 

during which the number of squares traversed by the 

larvae was recorded. Each square on the grid paper 

measured 1×1 mm2.  

 

Real-time qPCR analysis 

Total RNA was extracted from Drosophila larvae 

using the PureLink™ RNA Mini Kit (Invitrogen, 

Thermo Fisher Scientific Inc., MA, US).  following the 

manufacturer’s protocol. Briefly, ten third-instar larvae 

of each w1118 and itgbn2 were homogenized in Treff 

tubes containing lysis buffer supplemented with 1% 2-

mercaptoethanol and subjected to the remaining total 

RNA isolation procedure. Gene expression analysis was 

performed on the isolated total RNA using the reverse 

transcriptase quantitative PCR (RT-qPCR) method, 

with the Universal One-Step RT-qPCR Kit (Luna®, New 

England Biolabs, Inc., MA., US).  Following the 

manufacturer’s protocol. Each RT-qPCR reaction was 

performed in a total volume of 10 μL. Reactions were 

performed on the Rotor-Gene Q (Qiagen, Germany), 

starting with a reverse transcription step at 50 °C for 10 

min, followed by 40 cycles of PCR amplification. The 

PCR protocol consisted of denaturation at 95 °C for 10 

s, followed by annealing and elongation at 60 °C for 30 

s. After the PCR cycle was completed, melting curve 

analysis was performed at 40 °C for 1 min to assess the 

specificity of the amplified products. The primer 

sequences used for each target gene are shown in Table 

2.

 

Table 2 Primer sequences (Drosophila) used for real-time qPCR. 

Genes Forward Primers (5′–3′) Reverse Primers (5′–3′) 

dilp3 5′-ATCCTTATGATCGGCGGTGT-3′ 5′-GTTCACGGGGTCCAAAGTTC-3′ 

rpr 5′-ACTGGATCCCAATGGCAGTGGCATTCT-3′ 5′-AAAGGATCCTCATTGCGATGGCTTGC-3′ 

hid 5′-TGCGAAATACACGGGTTCA-3′ 5′-CCAATATCACCCAGTCCCG-3′ 

grim 5′-TCGGAGTTTGGATGCTGGGATCTT-3′ 5′-AGTCACGTCGTCCTCATCGTTGTT-3′ 

atg5 5′-GCACTACATGTCCTGCCTGA-3′ AGATTCGCAGGGGAATGTTT-3′ 

drpr 5′-CGGAATTCTCTGCCGCACGGGTTACATAG-3′ 
5′-CCGCTCGAGCCGGCTCGAATTTTCGCTT-

3′ 

rp49 5′-CGCTTCAAGGGACAGTATCTG-3′ 5′-AAACGCGGTTCTGCATGAG-3′ 

 

Statistical analysis  

Statistical analyses of hemolymph glucose levels, 

body size, body weight, larval crawling ability, and 

negative geotaxis were performed using unpaired 2-

tailed t-tests, as only 2 dietary groups (ND and HSD) 

were compared. For the survival assay, the percentage 
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of larvae reaching the pupae or adult stage was recorded 

at regular intervals (every 12 h or daily) until all 

individuals either completed metamorphosis or failed to 

develop. RT-qPCR data (dilp3, rpr, hid, grim, atg5 and 

drpr) were analyzed using Qgene software (Qiagen, 

Germany), followed by statistical evaluation using 

unpaired t-test for comparisons between ND and HSD 

with in each genotype. All analyses were conducted 

using Prism® 9 (GraphPad Software, Boston, MA, 

U.S.). 

 

Results and discussion 

Elevation of hemolymph glucose levels in 

Drosophila melanogaster larvae by a high-sugar diet 

In this study, we established a hyperglycemia 

model in Drosophila by administering HSD containing 

30% sucrose, following a previously established 

protocol [24]. Although this approach effectively 

induces a hyperglycemic phenotype in flies, it should be 

noted that such a high sucrose concentration represents 

an artificial condition and may not fully replicate 

physiological hyperglycemia in mammals. This model 

aims to evaluate the metabolic effects of excessive 

nutrient intake, which has been associated with 

disorders such as insulin resistance and diabetes mellitus 

[28]. This study utilized both w1118 and itgbn2 

Drosophila strains. This model was used to investigate 

alterations in hemolymph glucose levels and the 

expression of genes associated with the insulin signaling 

pathway, specifically dilp3. Drosophila was selected 

based on its conserved insulin signaling pathway, which 

closely resembles that of humans, and its hemolymph, 

which functions analogously to mammalian blood [29, 

30]. Furthermore, insulin-like peptides (DILPs), 

produced by insulin-producing cells (IPCs) in the brain, 

serve a role analogous to that of the mammalian 

pancreas in regulating metabolism and maintaining 

energy homeostasis [25,31]. Third-instar larvae were 

selected for testing because of their high feeding activity 

during this developmental stage, which amplifies their 

sensitivity to dietary changes [32]. The results, as 

depicted in Figure 2, demonstrated that HSD 

significantly elevated hemolymph glucose levels 

(Figure 2(A)). Concurrently, a marked decrease in the 

expression of dilp3 was observed in both genotypes 

(Figure 2(B)).

 

 

Figure 2 Effect of HSD on glucose levels and insulin-like peptide gene expression in Drosophila larvae. (A) HSD induced 

hyperglycemia in Drosophila w1118 and itgbn2 larvae, as indicated by a significant increase in hemolymph glucose levels. 

(B) A significant reduction in dilp3 expression was observed in both genotypes. Absolute values and effect sizes are 

provided in the discussion. ND, normal diet. HSD, high sugar diet; **, p < 0.01; ***, p < 0.001, **** p < 0.0001. 

 

The results indicated that HSD markedly increased 

hemolymph glucose concentrations in the larvae 

(Figure 2(A)). In w1118 larvae, hemolymph glucose 

levels increased from 190.7 mg/dL under ND to 352.3 

mg/dL following HSD, indicating an 85% elevation (p 

< 0.0001). In the itgbn² mutant, glucose levels rose from 

224.0 to 343.7 mg/dL, representing a 53% increase (p < 

0.0001). In parallel, dilp3 expression was significantly 

reduced under HSD. In w1118 larvae, expression 

decreased by 26%, while in the itgbn² mutant, the 

reduction reached 59% compared with ND (p < 0.0001). 

These results indicate that both genotypes exhibit 

hyperglycemia under HSD, accompanied by decreased 

dilp3 expression, which was more pronounced in the 

itgbn² mutant. This observation aligns with previous 

studies that demonstrated that HSD can induce 

hyperglycemic conditions [33]. 
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In addition, dilp3 gene expression (Figure 2(B)) 

was significantly reduced in the HSD treated groups of 

both w1118 and itgbn2 larvae. This altered expression 

pattern may reflect a chronic hyperglycemic state in 

both genotypes following prolonged HSD exposure. 

The dilp3 gene plays a crucial role in regulating 

metabolism and glucose levels to maintain energy 

homeostasis, support growth, and facilitate 

physiological adaptation to nutritional changes induced 

by stress [34]. Integrin βν has been implicated in 

phagocytic activity in Drosophila, particularly through 

glial cells and hemocytes, which play essential roles in 

clearing apoptotic cells and maintaining tissue 

homeostasis [35]. These results suggest that metabolic 

stress and impaired immune homeostasis in itgbn2 

mutants may exacerbate hyperglycemia. 

  

 Reduction in survival of Drosophila under 

hyperglycemic conditions 

Survival assays were conducted using a 

hyperglycemia model of Drosophila to evaluate the 

systemic effects of metabolic disturbances induced by 

HSD. Survival is a key indicator of an organism’s 

resilience to metabolic stress [36, 37]. This study 

assessed the effects of HSD on the developmental stages 

of both w1118 and itgbn2, as shown in Figure 3. The 

results demonstrated that HSD significantly reduced the 

survival rate from the larval to pupal stages (Figure 

3(A)), and from pupae to adult flies (Figure 3(B)).

 

 

Figure 3 HSD exposure affects the developmental progression of Drosophila at multiple stages. (A) The effect of HSD 

on survival from the larvae to pupae stage was significantly reduced. (B) Survival from pupae to adult flies also showed 

a significant decrease. ND, normal diet. HSD, high sugar diet; ns (non-significant); * p < 0.05; ** p < 0.01; **** p < 

0.0001. 

 

These findings suggest that HSD impairs 

developmental processes (Figures 3(A) - 3(B)). The 

HSD caused an apparent developmental delay compared 

to the control group on an ND. In w1118 larvae, the 

transition from larvae to pupae was extended from 3 to 

5 days, and from pupae to adult from 3 to 4 days. The 

delay was more pronounced in the itgbn² mutant, where 

the larvae to pupae transition increased from 5 to 10 

days and the pupae to adult stage from 6 to 7 days under 

HSD. Consistently, HSD markedly reduced survival at 

both developmental stages. During the larvae to pupae 

transition, survival in w1118 decreased by 28%, while in 

the itgbn² mutant, survival dropped by 36%. At the 

pupae-to-adult stage, survival declined by 40% in w1118 

and by more than 90% in the itgbn² mutant (p < 0.0001). 

These findings indicate that excessive dietary sugar 

impairs survival and disrupts expected developmental 

timing, with more severe effects observed in the itgbn² 

mutant. 

Mechanistically, the observed developmental 

delay under HSD is likely associated with the disruption 

of dilp signalling, which plays a critical role in 

regulating growth and metabolism. The reduced 

expression of dilp3 in larvae exposed to HSD may 

reflect systemic metabolic dysregulation. This finding 

aligns with Kim and Neufeld [38], who showed that 

dietary sugar can modulate dilp expression and thereby 

influence systemic metabolic homeostasis. Under 
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metabolic stress conditions such as hyperglycemia, IPCs 

are hypothesised to undergo functional alter ations that 

result in decreased dilp expression. Although the current 

data do not directly demonstrate impairment of the 

entire insulin signalling cascade, the downregulation of 

dilp3 can be considered an early indicator of potential 

metabolic dysfunction affecting growth related 

pathways. 

In addition, the more pronounced developmental 

delay observed in itgbn² mutants may imply that itgbn², 

characterized by the absence of Integrin βν receptors, 

may be more vulnerable to development, especially 

following exposure to an HSD. This increased 

sensitivity is potentially linked to compromised 

phagocytic activity, as integrin βν receptors are essential 

components in mediating effective cellular immune 

responses. Consequently, the metabolic stress induced 

by HSD may not be effectively counteracted in the 

itgbn² mutant due to the absence of integrin-mediated 

cellular functions. These findings further suggest that 

Integrin βν is not only essential for phagocytic activity 

but also plays a critical role in supporting organismal 

viability and developmental progression under 

hyperglycemic stress. These findings are supported by 

evidence that HSD-induced hyperglycemia can impair 

developmental processes in Drosophila [32,39]. 

 

The reductions in larval body size, weight and 

motor activity resulting from hyperglycemic 

conditions 

Dietary interventions significantly influence 

organismal phenotypes, including those of Drosophila. 

HSD has been shown to alter phenotypic traits, such as 

body size, weight, and motor activity [40]. The results 

shown in Figure 4 indicate that exposure of Drosophila 

larvae to HSD significantly reduced larvae body weight 

(Figure 4(A)), and width (Figure 4(B)), and length 

(Figure 4(C)) and diminished crawling activity in third 

instar larvae (Figure 4(D)). These phenotypic 

alterations were observed in both w1118 and itgbn2 

mutant strains.

 

 

Figure 4 HSD exposure adversely affected the physical development and motor function of Drosophila larvae. (A) HSD 

significantly decreased larvae body weight, (B) length, (C) width, and (D) crawling ability of Drosophila larvae. ND, 

normal diet. HSD, high sugar diet; ** p < 0.01; *** p < 0.001; **** p < 0.0001. 

 

The results shown in Figures 4(A) - 4(C) revealed 

a significant decrease in body weight in w1118 larvae, 

with a substantially greater reduction observed in itgbn2 

larvae. Under HSD, both w1118 and itgbn² larvae 

exhibited marked reductions in body size and motility. 

In w1118, body weight, width, and length decreased by 

approximately 45%, 58%, and 32%, respectively. The 

itgbn² mutant showed an even stronger response, with 

reductions of about 69% in body weight, 42% in body 

width, and 23% in body length. Crawling activity was 

also severely impaired, declining by more than 80% in 

w1118 and by nearly 70% in the itgbn² mutant (p < 

0.0001). These results indicate that excessive dietary 

sugar profoundly suppresses growth and locomotor 

performance, with greater sensitivity observed in the 

itgbn² mutant background. 

Our findings demonstrated a significant reduction 

in body weight, body size, and motor activity (Figure 

4). The decrease in larval body weight is associated with 

hyperglycemic conditions, which may exacerbate 
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metabolic homeostasis, reduce energy storage 

efficiency, and disrupt lipid synthesis and storage [36]. 

Consequently, metabolic efficiency decreases, leading 

to a reduction in both body weight and size (Figures 

4(A) - 4(C)). These findings are consistent with those of 

mammalian studies, in which HSD has been associated 

with reduced body weight in Sprague-Dawley rats [41]. 
Similarly, analysis of crawling ability revealed a 

significant decrease in itgbn2 compared to w1118 larvae 

(Figure 4(D)). This result is supported by previous 

research demonstrating that a HSD can lead to reduced 

physical activity in Wistar rats [42]. This condition may 

impair metabolic function, particularly in itgbn2 larvae, 

which are more vulnerable to the effects on their 

phagocytic immune system. The increased susceptibility 

of itgbn2 became more evident based on the phenotypic 

data following HSD exposure. These findings show that 

impairment of integrin function under hyperglycemic 

conditions increases cellular vulnerability to metabolic 

stress. 

 

Induction of apoptosis and suppression of 

phagocytosis by hyperglycemia 

Gene expression analysis indicated that HSD 

induced physiological alterations in Drosophila that 

resembled type 2 diabetes, which consequently affected 

cellular immune functions, such as phagocytosis and 

apoptosis (Figure 5).

 

 

Figure 5 HSD exposure modulates the expression of genes involved in apoptosis, autophagy, and phagocytosis in 

Drosophila larvae. (A) rpr was significantly upregulated in both w1118 and itgbn². (B) hid expression remained unchanged 

in both strains. (C) grim was significantly upregulated only in itgbn². (D) atg5 expression did not differ across strains or 

treatments. (E) drpr was downregulated in w1118 but remained unchanged in itgbn². ND, normal diet. HSD, high sugar 

diet; ns (non-significant); * p < 0.05; ** p < 0.01; **** p < 0.0001. 

 

As shown in Figures 5(A) - 5(E), the expression 

of genes exhibited genotype-specific responses to the 

high-sugar diet (HSD). In w1118 larvae, rpr expression 

increased by approximately 9% under HSD compared to 

ND (p < 0.001), while in the itgbn² mutant, the increase 

was more substantial, reaching about 21% (p < 0.01). 

Expression of hid and grim showed only modest and 

variable changes in w1118 (less than 10%, p > 0.05), but 

in itgbn² larvae, both genes tended to be upregulated, 

showing increases of about 20% - 25%, though not all 

changes reached statistical significance (p = 0.06 - 0.09). 

For the autophagy-related gene atg5, expression 

decreased slightly in w1118 (around 10%, p > 0.05) but 

increased by approximately 35% in the itgbn² mutant (p 

< 0.05), suggesting differential autophagic regulation 

between genotypes. Notably, drpr expression was 

significantly reduced by 50% in w1118 larvae (p < 

0.0001), whereas it remained essentially unchanged in 

itgbn² mutants (p > 0.05). 
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The administration of HSD in Drosophila 

potentially disrupts metabolic homeostasis, likely due to 

oxidative stress induced by elevated glucose levels. As 

shown in Figure 5(A), we observed an increase in the 

expression of pro-apoptotic genes, suggesting that HSD 

may trigger apoptosis possibly mediated by ROS 

accumulation. This condition is known to activate the 

intrinsic apoptotic pathway, involving pro-apoptotic 

proteins such as reaper (rpr), Head Involution Defective 

(hid), and grim, which inhibit Diap1 and promote 

apoptosome formation (Dark), followed by activation of 

Dronc and effector caspases Drice and Dcp-1, ultimately 

leading to programmed cell death [43]. 

The increased rpr expression suggests a potential 

disruption of tissue homeostasis caused by oxidative 

stress (Figure 5(A)), which may damage the cellular 

structures and accelerate apoptotic processes. In 

contrast, the expression of another pro-apoptotic gene, 

hid, did not show any significant change (Figure 5(B)). 

Interestingly, the expression of grim did not exhibit 

significant changes in w1118; however, it was 

significantly upregulated in the itgbn2 mutant exposed 

to HSD (Figure 5(C)). These findings suggest that 

Drosophila itgbn2 experiences enhanced apoptotic 

activity, as indicated by the increased expression of rpr 

and grim. The rpr gene plays a crucial role in regulating 

apoptosis during both embryonic and adult stages of 

Drosophila. The expression of rpr can be induced by the 

activation of the p53 pathway or DNA damage caused 

by oxidative stress, specifically contributing to the 

activation of the caspase cascade. The hid gene 

functions through a mechanism similar to rpr and grim, 

although it is expressed at lower levels. Meanwhile, 

grim primarily inhibits the activity of Diap1, an 

antiapoptotic protein essential for regulating cell 

survival [44]. Collectively, these data suggest that HSD-

induced apoptosis plays a more prominent role in 

driving cell death in the itgbn2 mutant than in the w1118 

strain, as evidenced by the heightened expression of key 

pro-apoptotic genes, such as rpr and grim. In contrast, 

the expression of atg5, a gene involved in regulating 

autophagy and immune responses [45], did not differ 

significantly between the ND and HSD groups (Figure 

5(D)). These findings suggest that HSD primarily 

affects apoptotic regulatory pathways associated with 

oxidative stress, rather than autophagic pathways.  

This study utilized Integrin βν as phagocytic 

receptor models and analyzed the expression of the drpr 

gene (Figure 5(E)), which encodes the Draper protein. 

The results demonstrated that drpr expression in the 

itgbn² mutant did not differ significantly between the 

ND and HSD groups. This lack of drpr expression 

response is likely attributable to impaired activation of 

apoptotic cell recognition signaling resulting from the 

loss of Integrin βν function as a phagocytic receptor. 

These findings indicate a disruption of phagocytic 

regulatory mechanisms caused by the itgbn² mutation. 

This supports the hypothesis that this gene plays a 

crucial role in cellular immune responses to metabolic 

stress induced by an HSD, consistent with previous 

reports highlighting the involvement of Integrin βν in 

metabolic signaling and insulin sensitivity [46]. 

Furthermore, a sustained increase in apoptotic activity 

may exacerbate tissue damage, increasing the risk of 

necrosis and the development of other pathologies. As 

reported by Dey et al. [47]; LaRocca et al. [48], chronic 

hyperglycemia is known to exacerbate inflammation 

through the activation of toll-like receptors (TLRs), 

which subsequently elevates the release of pro-

inflammatory cytokines. 

These findings indicate a disruption in the 

phagocytic regulatory mechanisms caused by the itgbn² 

mutation. This supports the hypothesis that this gene 

plays a role in immune responses to metabolic stress 

induced by an HSD. While previous studies have 

explored metabolic and inflammatory pathways as 

potential therapeutic targets for diabetes [49, 50], our 

results may offer an additional perspective by 

suggesting the possible involvement of phagocytosis 

receptors in maintaining cellular homeostasis under 

hyperglycemic conditions.  

 

Limitation 

Although the mechanisms of phagocytosis and 

apoptosis are largely conserved between Drosophila and 

mammals, the translational relevance of our findings 

remains to be fully established. Key signalling 

components, including integrins, Draper (the homolog 

of mammalian MGF10), and apoptotic pathways, 

exhibit conserved roles; however, the present study is 

exploratory and did not include validation in 

mammalian models or clinical settings. Additionally, 

rescue experiments to directly confirm the involvement 
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of dilp signalling or Integrin βν function were not 

performed, which limits the mechanistic conclusions. 

Future studies addressing these gaps will be necessary 

to strengthen the evidence and better assess the 

applicability of this Drosophila model for understanding 

immune dysfunction under hyperglycemic conditions. 

 

Conclusions 

Notably, the itgbn² mutant exhibited impaired 

phagocytic signaling and distinct transcriptional 

responses under hyperglycemic conditions. These 

findings suggest a possible involvement of Integrin βν 

in coordinating immune and metabolic responses to 

dietary stress. While this model enhances our 

understanding of immune metabolic interactions under 

hyperglycemia, further studies using mammalian 

models will be essential to determine whether these 

mechanisms are conserved and may inform potential 

therapeutic strategies in the future. This cautious 

interpretation aligns the conclusions with the current 

data while highlighting clear directions for future 

research. 
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