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At the end of the dissertation, comprising 8 unnumbered pages, the following are included:
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4. INTRODUCTION AND LITERATURE REVIEW

The doctoral dissertation entitled "The Association of ORMDL3 Expression with Hyperglycemia in
Intestinal Tissue: A Potential Role in the Pathogenesis of Inflammatory Bowel Disease (IBD)" addresses an
important and currently underexplored intersection between metabolic disorders and chronic intestinal
inflammation. The study was undertaken in response to increasing evidence suggesting mechanistic
overlap between diabetes mellitus and inflammatory bowel disease, particularly through pathways
involving endoplasmic reticulum (ER) stress, autophagy dysregulation, and innate immune activation.
The main problem addressed in this dissertation is the lack of mechanistic understanding of how chronic
hyperglycemia contributes to intestinal dysfunction and whether ORMDL3 may act as a molecular link
between metabolic stress and intestinal inflammatory processes. The subject of the research is the role of
ORMDL3 and associated ER stress, autophagy, and inflammatory pathways in the development of
intestinal alterations under hyperglycemic conditions.

The introduction systematically addresses the epidemiology and pathophysiology of both diabetes mellitus
and IBD, exploring their shared mechanisms including TLR signaling, NLRP3 inflammasome activation, gut
dysbiosis, and bile acid dysregulation. A dedicated section introduces ORMDL3, its biological function as
an ER-resident protein, and its emerging relevance as a potential molecular link between these two
conditions.

Diabetes mellitus (DM) represents one of the most significant global public health challenges of the 21st
century, characterized by persistent hyperglycemia and progressive multisystem complications [1,2].
Beyond its classical metabolic manifestations, accumulating evidence indicates that chronic hyperglycemia
is associated with sustained low-grade inflammation, driven by key pro-inflammatory mediators including
TNF-a, IL-6, and IL-1P [3,4]. Notably, these same cytokines are centrally implicated in the pathogenesis of
inflammatory bowel disease (IBD), a chronic immune-mediated condition encompassing Crohn's disease
and ulcerative colitis [5,6]. The epidemiological and molecular convergence of these two conditions has
prompted growing scientific interest in their shared pathogenic mechanisms [7-9].

The relationship between DM and IBD extends beyond clinical co-occurrence, reflecting a deeper
convergence of genetic, immunological, and metabolic pathways. Approximately ten susceptibility loci



have been associated with both conditions, including ORMDL3, suggesting a shared genetic architecture
[10]. At the molecular level, innate immune signaling through Toll-like receptors (TLRs), NLRP3
inflammasome activation, gut microbiota dysbiosis, and bile acid dysregulation represent key
interconnected mechanisms that are dysregulated in both diseases [11-16]. Hyperglycemia has been
shown to directly compromise intestinal barrier integrity, facilitating microbial translocation and further
amplifying systemic and mucosal inflammation [17].

Within this framework, endoplasmic reticulum (ER) stress has emerged as a critical mechanistic link
between metabolic dysfunction and intestinal inflammation. The unfolded protein response (UPR),
activated under conditions of cellular stress, engages multiple signaling branches, including ATF6, IRE1,
and PERK, that intersect with inflammatory and autophagic pathways [18-21]. Dysregulation of autophagy,
a fundamental cellular homeostatic mechanism, has been independently implicated in both DM and IBD
pathogenesis, with key regulators including NOD2, ULK1, and ATG4 shown to modulate intestinal immune
responses and epithelial integrity [22,23].

ORMDL3, an ER-resident transmembrane protein, has emerged as a particularly relevant molecular
candidate in this context. Originally identified as a susceptibility gene for childhood-onset asthma,
ORMDL3 regulates ER calcium homeostasis through modulation of the SERCA pump, influences
sphingolipid biosynthesis, and activates UPR signaling [24-27]. Recent transcriptomic studies have
reported altered ORMDL3 expression in both TIDM and IBD, suggesting its involvement in shared
pathogenic pathways [22,28,29]. However, existing data remain largely associative, and functional
experimental evidence directly linking ORMDL3 to hyperglycemia-induced intestinal dysfunction is limited.
The precise role of ORMDL3 in modulating ER stress, autophagy, and inflammatory signaling within the
intestinal microenvironment under diabetic conditions has not been systematically investigated
[18,20,24,30].

This dissertation addresses this critical gap in knowledge by providing integrated experimental evidence
at the gene, protein, and tissue levels across two complementary animal models, Sprague Dawley rats and
Yucatan mini pigs, thereby offering a comprehensive mechanistic framework for understanding the role of
ORMDL3 in the diabetic intestine and its potential relevance to IBD pathogenesis.

HYPOTHESIS

The working hypothesis is clearly formulated and supported by a schematic representation of the proposed
pathogenic mechanisms linking hyperglycemia to intestinal inflammation.

“Hyperglycemia increases the expression of ORMDL3, ATF6, and autophagy-related molecules in
intestinal tissue. This could potentially contribute to molecular mechanisms relevant to the pathogenesis
of inflammatory bowel disease (IBD).”
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AIMS OF THE STUDY

The aims of the study are equally well-defined, encompassing three specific objectives: histopathological
characterization of intestinal tissues for IBD-like changes under hyperglycemic conditions, investigation of
ORMDL3 and ATF6 expression in the context of ER stress and UPR activation, and evaluation of key
autophagy-related genes: NOD2, ULK1, and ATG4, and their relationship with ORMDL3 and ATF6 pathway
activation.

1.

To characterize intestinal tissues from nondiabetic and diabetic animal models for
histopathological changes resembling those observed in inflammatory bowel disease (IBD), with a
focus on inflammation, mucosal damage, and immune cell infiltration. This objective involves a
detailed histopathological analysis of intestinal tissues from both diabetic and nondiabetic animal
models, aiming to identify key structural and cellular alterations that may resemble those seen in
IBD. By assessing features such as inflammatory cell infiltration, mucosal damage, and epithelial
disruption, we intend to determine whether hyperglycemia could exacerbate or trigger IBD-like
pathology in the intestines.

To investigate the effect of hyperglycemia on the expression of ORMDL3 and ATF6, key regulators
of the unfolded protein response (UPR) and autophagy pathways, in the context of ER stress and
cellular stress. Hyperglycemia, a hallmark of diabetes, can induce ER stress, disrupting cellular
homeostasis. This study will examine whether hyperglycemia affects the expression of ORMDL3
and ATF6, crucial regulators of the UPR and autophagy pathways. By focusing on intestinal tissues,
we aim to understand the molecular mechanisms that may link hyperglycemia-induced stress to
the pathogenesis of diseases such as inflammatory bowel disease (IBD).

To evaluate the expression levels of key autophagy-related genes (NOD2, ULK1, ATG4) in
nondiabetic and diabetic conditions and explore their relationship with ORMDL3 expression and
ATF6 pathway activation. Expression levels of key autophagy-related genes (NOD2, ULK1, ATG4)
will be evaluated in both nondiabetic and diabetic conditions to understand how hyperglycemia
may influence autophagy pathways. The relationship between the expression of these genes and
the activation of ORMDL3 and ATF6 will also be explored. This analysis aims to shed light on the
interplay between autophagy, ER stress, and immune response, and their potential role in the
development of inflammatory bowel disease (IBD) under diabetic conditions.
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1. Briefly describe the reasons why the research was undertaken and present the problem, subject, objectives,
and hypotheses3.

2. Based on theliterature review, provide a concise overview of previous research results related to the
investigated problem (ensure inclusion of the most recent and most relevant findings nationally and
internationally).

3. Statethe contribution of the thesis to addressing the research topic.

Indicate the expected scientific and practical or artistic contribution of the dissertation.

5. MATERIAL AND RESEARCH METHODOLOGY

In the materials and methods section of the dissertation, the research material is comprehensively
described, encompassing experimental animals, biological tissues, reagents, and analytical tools, all
selected on the basis of well-defined scientific criteria.

Experimental Animals and Groups

In this study, two complementary experimental animal models were employed. The first model comprised
twenty-two Sprague Dawley rats (n=22), both male and female, aged 6-8 weeks and weighing
approximately 180g. Animals were divided into four experimental groups: control female (CF), diabetic
female (DF), control male (CM), and diabetic male (DM). The second model included ten female Yucatan
Mini pigs (n=10), aged 5-7 months and weighing 30-35 kg, divided into two groups: control (n=5) and
diabetic (n=5). The rat model was selected for its well-characterized physiology and suitability for
mechanistic molecular analyses, while the porcine model was chosen due to its close anatomical and
physiological similarity to humans. All procedures were conducted in accordance with IACUC guidelines at
Western University of Health Sciences (Pomona, CA, USA).

Diabetes induction

Diabetes induction is described using a combined dietary and pharmacological protocol based on
streptozotocin (STZ) administration, a well-established and widely validated approach in both rodent and
large animal experimental models. In the rat model, animals received a high-fat diet (HFD) for six weeks,
followed by two low-dose intraperitoneal (i.p.) STZ injections (25 mg/kg). Of particular note, a sex-
dependent difference in the response to STZ was observed: while two injections were sufficient to achieve
stable hyperglycemia in male rats, female rats required an additional third dose to reach comparable
glycemic levels.

In the porcine model, animals received a high-fat, high-carbohydrate/fructose diet (HFHFD) for two
months, followed by two intravenous (i.v.) STZ injections (50 mg/kg). Across both species, this protocol
successfully reflected the key pathophysiological features of T2DM, including insulin resistance (IR) and
sustained hyperglycemia, and is considered fully appropriate and scientifically justified for the aims of this
dissertation.

Histopathological analysis

Intestinal tissue samples were collected from the terminal ileum and entire colon in rats, and from the
small intestine (terminal ileum) and sigmoid colon in pigs. These regions were selected based on their
distinct physiological and immunological roles, as well as their differential involvement in IBD pathogenesis
- the terminal ileum being predominantly affectedin Crohn's disease, and the colon in ulcerative colitis.
Following collection, tissues were fixed in 10% neutral-buffered formalin for 48 hours and subsequently
processed for histopathological analyses.

Histopathological analysis was performed on formalin-fixed, paraffin-embedded tissue sections stained
with hematoxylin and eosin (H&E). These represent internationally recognized gold-standard technique
for the morphological characterization of intestinal tissue, enabling systematic assessment of villous

3 Hypotheses are presented only for a scientific doctorate.
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architecture, crypt morphology, mucosal integrity, goblet cell density, epithelial continuity, and the degree
and nature of inflammatory cell infiltration. The application of this method is considered fully adequate,
technically sound, and appropriate for the histopathological objectives of the study.

Gene expression analysis

Gene expression analysis was conducted using quantitative real-time polymerase chain reaction (RT-
gPCR), currently regarded as the most sensitive, specific, and reproducible method for quantitative mRNA
analysis in experimental research. A carefully selected and scientifically justified panel of target genes was
analyzed, including ORMDL3, ATF6, NOD2, ULK1, ATG4, CD68, iNOS, TNF-a, and IL-6 in rats, with the
addition of NF-«kB, NLRP3, IL-18, CD86, and CD163 in the porcine model, reflecting the broader
inflammatory profiling capacity of this species. All primers were species-specific and validated, and 18S
ribosomal RNA was employed as the internal reference gene to ensure accurate and reliable normalization
of expression data. The selection of target genes comprehensively covers the key molecular axes under
investigation ER stress, autophagy, innate immune activation, and macrophage polarization, and is directly
and appropriately aligned with the research objectives.

Immunohistochemistry (IHC)

Protein-level analysis was performed using immunohistochemistry (IHC) with validated primary antibodies
against all target molecules and species-appropriate secondary antibodies. This approach enabled not only
the quantification of protein expression but also its precise spatial localization within distinct intestinal
tissue compartments, including the epithelium, lamina propria, and submucosa, thereby providing
complementary, confirmatory, and spatially resolved data relative to the transcriptional findings. The
integration of gene and protein-level analyses substantially enhances the methodological rigor and
interpretive depth of the study.

Statistical analysis and data interpretation

Statistical analysis was conducted using GraphPad Prism 10 (version 10.1.1). One-way ANOVA followed by
Tukey's post hoc test was applied for multi-group comparisons in the rat model, while an unpaired two-
tailed Student's t-test was used for two-group comparisons in the porcine model. Data are presented as
mean + standard deviation, and a significance threshold of p<0.05 was consistently applied throughout.
The statistical approach is considered appropriate, well-justified, and fully in line with current international
standards for experimental biomedical research.

Correlation analysis was performed to systematically assess the quantitative relationships between the
expression levels of key molecular markers and metabolic parameters, most notably fasting blood glucose
levels. Pearson correlation coefficients (R?) were calculated across both intestinal regions and both animal
models, enabling a rigorous and biologically meaningful evaluation of the strength and directionality of
these associations. This analytical approach provided critical mechanistic insight into the glucose-
dependent regulation of the ORMDL3-ATF6—autophagy axis in the diabetic intestine, and represents an
important added value of the study beyond simple group comparisons.

1. Describe and present the main characteristics of the material analyzed and the criteria used for selecting the
material.
2. Providea brief overview of the research methods applied, evaluating in particular:
2.1. whether the applied research methods are adequate, sufficiently accurate and up to date in view of global
developments in thefield;
2.2. justification of any modifications to the original research plan;
2.3. whether the scope of research is sufficient for drawing reliable conclusions or whether expansion of existing
orintroduction of new methods is required;
2.4. whether the statistical analysis of data is adequate, if applied in the processing of results.
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6. RESULTS AND SCIENTIFIC / ARTISTIC CONTRIBUTION OF THE RESEARCH

In the Results section, the findings are clearly defined, systematically presented, and interpreted in a
transparent manner, while in the Discussion section, they are critically analyzed in relation to previously
published studies and placed within the broader context of metabolic and inflammatory intestinal disease.

Histopathological analysis revealed consistent structural and inflammatory alterations in the intestinal
mucosa of diabetic animals across both experimental models, indicative of early intestinal barrier
disruption under conditions of chronic hyperglycemia. In the Sprague Dawley rat model, diabetic animals
exhibited villous atrophy, epithelial desquamation, goblet cell depletion, inflammatory cell infiltration, and
thinning of the muscular layer in the small intestine, while the large intestine showed mucosal disruption,
crypt architectural distortion, lamina propria hypercellularity, and mononuclear infiltration extending into
the submucosa, accompanied by intracellular accumulation of lipofuscin-like pigment reflecting oxidative
stress-induced cellular damage. Comparable histopathological findings were confirmed in the porcine
model, where diabetic animals demonstrated villous degeneration, crypt depletion, goblet cell loss, and
increased inflammatory cell infiltration, with relative preservation of the deeper intestinal layers. These
structural alterations were further supported by quantitative histological injury scoring, which
demonstrated significantly greater tissue injury in diabetic animals compared to controls across both
models.

Molecular analysis demonstrated significant upregulation of ORMDL3 at both the gene and protein levels
in all examined intestinal regions across both animal models. In the rat model, ORMDL3 gene expression
was significantly elevated in diabetic females and males in both the small intestine (p < 0.0001 and p <
0.001, respectively) and the large intestine (p < 0.001 for both sexes), with females consistently exhibiting
a more pronounced response. Immunohistochemical analysis confirmed increased ORMDL3 protein
expression in both sexes and both intestinal regions, with a significantly higher elevation in diabetic
females compared to diabetic males in the small intestine (p < 0.01). In the porcine model, ORMDL3 gene
expression was significantly elevated in both the small and large intestine (p < 0.001), and protein
expression was similarly increased in both intestinal segments (p < 0.01). Importantly, ORMDL3 gene
expression showed strong positive correlations with blood glucose levels across both intestinal regions and
both models, with R? values reaching 0.92 in the small intestine and 0.95 in the large intestine of diabetic
pigs, providing novel experimental evidence of a glucose-dependent regulation of ORMDL3 in intestinal
tissue.

In parallel, activation of endoplasmic reticulum stress was evidenced by upregulation of ATF6, a key
unfolded protein response sensor, in both models. In the rat model, ATF6 expression was significantly
elevated in both sexes in the small intestine (p < 0.0001), while in the large intestine a sex-specific pattern
was observed, with significant upregulation in diabetic males (p < 0.001) but no significant change in
diabetic females, likely reflecting sex-dependent modulation of unfolded protein response signaling in this
region. In the porcine model, ATF6 was transcriptionally upregulated in both intestinal segments, while
protein-level increases were predominantly detected in the large intestine (p < 0.05). A strong positive
correlation between ORMDL3 and ATF6 expression was consistently observed across both models and
intestinal regions, with R? values reaching up to 0.96 in the rat model, supporting their coordinated
upregulation under hyperglycemic conditions. Both markers also showed strong positive correlations with
blood glucose levels in both species, further reinforcing the concept of a glucose-driven endoplasmic
reticulum stress axis in the diabetic intestine.

Autophagy-related gene expression was consistently upregulated across both models. NOD2, a critical
intracellular stress sensor linking microbial recognition to autophagy activation, was significantly elevated
in both intestinal regions in both diabetic rats and pigs, with particularly pronounced increases in female
rats. ULK1 and ATG4, key regulators of autophagosome initiation and maturation, showed a strikingly sex-
specific pattern in the rat model, with significant upregulation exclusively in diabetic females (p < 0.0001)
and no significant changes in diabetic males. In the porcine model, ULKI demonstrated the most
pronounced transcriptional upregulation among all autophagy-related genes examined (p < 0.0001 in the
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small intestine), while ATG4 was also significantly increased in both intestinal segments. However, a critical
discrepancy was observed at the protein level in the porcine model, where ULK1 and ATG4a protein
expression remained unchanged in both intestinal regions despite clear transcriptional upregulation, while
NOD?2 protein was increased only in the large intestine. This gene-protein disconnect suggests impairment
of autophagic flux at the post-transcriptional or post-translational level, indicative of dysfunctional rather
than absent autophagy under chronic hyperglycemic conditions. Strong positive correlations were
consistently observed between endoplasmic reticulum stress markers and autophagy-related genes across
both models and intestinal regions, with R? values reaching up to 0.98 in the porcine model, supporting
the presence of a tightly coupled endoplasmic reticulum stress-autophagy axis in the diabetic intestine.

Inflammatory responses were consistently elevated across both models and intestinal regions. In the rat
model, the macrophage marker CD68, the M1 effector iNOS, and the pro-inflammatory cytokines TNF-a
and IL-6 were significantly upregulated atboth the gene and protein levels in diabetic animals, with female
rats exhibiting markedly stronger responses than males across both intestinal segments. IL-6 was notable
in that it showed significant upregulation in both sexes at the protein level without sex-dependent
differences, suggesting it may represent a more universal downstream effector of hyperglycemia-induced
intestinal inflammation. In the porcine model, significant upregulation of NF-kB, TNF-a, IL-6, NLRP3, and
IL-18 was observed in both intestinal segments, alongside pronounced macrophage activation evidenced
by increased CD68 and CD86 expression, consistent with predominant M1 macrophage polarization.
Concurrent upregulation of CD163, a marker of M2 macrophage polarization, suggested that anti-
inflammatory and tissue repair mechanisms are simultaneously activated, reflecting a complex and
dynamically regulated inflammatory microenvironment in the diabetic intestine.

In the rat model, female animals consistently demonstrated stronger molecular and inflammatory
responses than males, a pattern that likely reflects the modulatory role of estrogen on endoplasmic
reticulum stress, autophagy, and mucosal immune signaling pathways. The consistency of key findings
across two animal species, two intestinal regions, and multiple levels of analysis strengthens the biological
relevance of the observed alterations and supports their broader translational significance.

Briefly present the results obtained by the candidate.

2. Evaluate whether theresults are clearly presented, properly, logically and clearly interpreted, compared with
the results of other authors, and whether the candidate demonstrated an adequate level of critical analysis.

3. Itis particularly important to highlight the new findings obtained through the research, their theoretical and
practical contribution, and whether they indicate new directions for further research.

7. CONCLUSION AND PROPOSAL

The doctoral dissertation of candidate dr UgljeSa Malicevi¢, entitled “The Association of ORMDL3
Expression with Hyperglycemia in Intestinal Tissue: A Potential Role in the Pathogenesis of Inflammatory
Bowel Disease (IBD)”, was prepared in accordance with the approved research proposal and the principles
of scientific research, and represents an original and independent work of the candidate. The research
methods described and applied in this study are appropriate, contemporary, and consistent with
international standards in biomedical research, enabling reliable and scientifically relevant results.

Based on the obtained results and the conclusions derived from them, this dissertation represents an
original scientific contribution in the field of biomedical sciences and pathophysiology. The findings
demonstrate that chronic hyperglycemia is associated with consistent upregulation of ORMDL3 in
intestinal tissue, at both the gene and protein levels, across two complementary animal models. In
addition, the ORMDL3-ATF6 axis was identified as a hyperglycemia-associated component of endoplasmic
reticulum stress in the diabetic intestine, while significant correlations were observed between blood
glucose levels and the expression of key ER stress- and autophagy-related markers. The study further
confirmed coordinated pro-inflammatory activation of the intestinal mucosa under conditions of chronic
hyperglycemia, accompanied by pronounced sex-dependent differences in molecular responses.
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Collectively, these findings support the potential role of ORMDL3 and associated cellular stress pathways
as biomarkers and therapeutic targets linking metabolic dysfunction and inflammatory bowel disease,
thereby contributing to a better understanding of their shared pathophysiological mechanisms.

Based on the overall evaluation of the dissertation, the members of the Dissertation Defense Committee
unanimously give a positive assessment of the completed doctoral dissertation by candidate dr Ugljesa
Malic¢evi¢. The Committee therefore proposes to the Scientific-Teaching Council of the Faculty of Medicine,
University of Banja Luka, that this report be accepted and that the candidate be granted approval to
proceed with the public defense before the Committee in the same composition.

1. Statethe most significant facts indicating the scientific/artistic contribution of the dissertation.
2. Based on the overall evaluation of the dissertation, the Committee proposes:

— thatthedissertation / art project be accepted and the candidate be approved to proceed to the defense,
— that thedissertation / art project be returned to the candidate for revision (to be supplemented or
amended), or

— thatthedissertation / art project be rejected.

Place and date:

Banja Luka and Belgrade, 25.5.2026.

Prof. dr Dragan Buric, s.r, MD, PhD, Full Professor of
Physiology, Faculty of Medicine, University of
Belgrade

Chair of the Committee

Prof. dr Darko Goli¢, s.r, MD, PhD, Full Professor of
Pathophysiology, Faculty of Medicine, University of
Banja Luka

Committee member

Doc. dr Tatjana Milivojac, s.r, Assistant Professor of
Pathophysiology, Faculty of Medicine, University of
Banja Luka

Committee member

Name and surname, academic title and position

Committee member

Name and surname, academic title and position

Committee member

DISSENTING OPINION: A Committee member who does not wish to sign the report because they
disagree with the opinion of the majority of the Committee members is required to include in the
report an explanation, i.e., the reasons for refusing to sign the report.
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Attach the following to the report:

1.

Decision of the Artistic-Scientific-Teaching / Scientific-Teaching Council of the faculty on the
appointment of the Committee for the evaluation of the completed doctoral dissertation /
doctoral art project and public defense;

Decision of the Artistic-Scientific-Teaching / Scientific-Teaching Council of the faculty on the
adoption of the Committee report on the evaluation of the completed doctoral dissertation /
doctoral art project and public defense;

Committee Report on the evaluation of the completed doctoral dissertation / doctoral art
project and public defense — Form 3;

Doctoral dissertation in PDF format;

Certificate issued by the Vice-Dean for Research and Development confirming originality
check via official plagiarism-detection software;

Statement of authorship;

Statement authorizing the University of Banja Luka to make the doctoral dissertation /
doctoral art project publicly available;

Statement confirming the identity of the printed and electronic versions of the doctoral
dissertation / doctoral art project.
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