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Background: Type 2 diabetes mellitus (T2DM) is characterized by chronic inflammation and progressive pancreatic -cell dysfunc-
tion. The Mer receptor tyrosine kinase (MerTK) regulates immune homeostasis and inflammation, but its role in T2DM-related islet
injury remains unclear. This study aimed to investigate the effects of MerTK and its inhibition on pancreatic structure, metabolic
parameters, and NF-kB—mediated inflammation in a rat model of T2DM.

Methods: Seventy male Sprague-Dawley rats were randomized into five groups: normal control (CON), CON+MRX-2843 (MerTK
inhibitor), T2DM 2-week (T2DM-2; assessed 2 weeks after diabetes induction), T2DM 12-week (T2DM-12; assessed 12 weeks after
diabetes induction), and T2DM-12+MRX-2843. T2DM was induced by a high-fat/high-sugar diet plus streptozotocin injection. In the
intervention groups, MRX-2843, a selective MerTK inhibitor (65 mg/kg/day) was administered by gavage for two weeks after
successful diabetes induction, including after 10 weeks of diabetes exposure in the T2DM-12+MRX-2843 group. Serum MerTK,
glucose, lipids, insulin, and pro-inflammatory cytokines (NF-kB, TNF-a, IL-1p) were measured by ELISA, and pancreatic histology
was evaluated by HE staining.

Results: Serum MerTK expression increased with diabetes duration, peaking in the T2DM-12 group (47.5% higher than CON).
MerTK inhibition significantly reduced MerTK levels by 21.3% versus T2DM-12 but aggravated metabolic dysfunction, with higher
fasting glucose (+13.3%), HbAlc (+2.5%), total cholesterol (+16.9%), triglycerides (+32.6%), and insulin (+8.5%) compared to non-
inhibited T2DM rats. Pro-inflammatory cytokines were markedly elevated after MRX-2843 treatment, particularly NF-kB (+35.2%),
TNF-o (+48.2%), and IL-1B (+70.3%) in the T2DM-12+MRX-2843 group. Histological analysis showed progressive islet atrophy and
vacuolation with diabetes, which became more severe after MerTK inhibition, indicating enhanced structural damage.

Conclusion: MerTK expression is dynamically upregulated in T2DM and exerts a compensatory protective effect by limiting NF-kB—driven
inflammation and preserving pancreatic integrity. Pharmacological inhibition of MerTK exacerbates cytokine release, metabolic disturbances,
and pancreatic injury, suggesting that MerTK may represent a promising candidate for further therapeutic investigation in T2DM.
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Introduction
Type 2 diabetes mellitus (T2DM) is a major global metabolic disorder driven by chronic, low-grade inflammation and
characterized by insulin resistance and progressive pancreatic B-cell dysfunction,' which leads to chronic hyperglycemia and
multiple vascular complications.>* Despite the availability of various therapeutic options, T2DM remains a leading cause of
morbidity and mortality worldwide.” This inflammatory state is now recognized as a key driver of disease progression. '
Among inflammatory pathways, nuclear factor-kB (NF-kB) plays a central role by orchestrating innate immune responses
and upregulating pro-inflammatory cytokines such as tumor necrosis factor-a (TNF-0)) and interleukin-1p (IL-1p).° These
cytokines impair B-cell survival, promote apoptosis, and interfere with insulin signaling, thereby aggravating hyperglycemia.
Sustained activation of NF-kB—driven inflammatory cascades has been linked to islet inflammation, loss of B-cell mass, and
metabolic deterioration, underscoring the importance of identifying upstream regulators of this pathway in T2DM.”
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The TAM receptor tyrosine kinase family—Tyro3, Axl, and MerTK—plays a pivotal role in maintaining immune
homeostasis.'™'" Among them, MerTK is highly expressed in macrophages and dendritic cells, where it mediates
efferocytosis, suppresses excessive inflammation, and promotes tissue repair through ligands such as growth arrest—
specific protein 6 (Gas6) and Protein S.'*'* MerTK activation triggers anti-inflammatory signaling cascades and
facilitates resolution of inflammation, suggesting that it functions as a gatekeeper of immune balance in metabolic and
tissue-injury settings.'*'>

Previous studies have implicated MerTK in immune-mediated B-cell destruction in type 1 diabetes (T1DM). Notably,
alterations in MerTK signaling—particularly the loss of its protective function on mononuclear phagocytes—have been
associated with enhanced autoreactive T-cell activation and accelerated islet loss.'® The central role of these autoreactive
T cells in driving disease pathogenesis is well-recognized.'” Conversely, MerTK has also been reported to exert
protective effects in models of diabetic neuropathy and tissue injury, where it limited NF-kB activation and enhanced
tissue repair.'® These findings suggest that MerTK may exert context-dependent effects: pathogenic in autoimmunity, yet
protective in chronic inflammatory or metabolic conditions.

Despite these insights, the role of MerTK in T2DM-associated islet inflammation remains poorly understood. It is not
known whether MerTK expression changes dynamically with disease progression or whether MerTK activity protects
islets against metabolic stress—induced injury. Furthermore, the potential mechanistic link between MerTK signaling and
NF-kB-mediated inflammatory responses in the pancreas has not been clarified. Addressing these questions may help
determine whether MerTK serves as a compensatory, protective factor in the diabetic islet microenvironment.
Furthermore, elucidating MerTK’s role in islet inflammation may not only advance understanding of inflammation-
driven B-cell dysfunction but also inform the development of novel immunomodulatory strategies for T2DM.

Based on the above evidence, we hypothesized that MerTK is dynamically upregulated in T2DM as a compensatory
protective response to chronic metabolic stress and inflammation, and that pharmacological inhibition of MerTK would
exacerbate NF-kB—mediated inflammatory activation, thereby worsening pancreatic islet injury and metabolic dysfunc-
tion. Therefore, the present study aimed to elucidate the role of MerTK in T2DM progression by characterizing its
dynamic expression, assessing the metabolic and inflammatory consequences of its pharmacological inhibition, and
exploring its mechanistic link to NF-kB-mediated islet inflammation.

Materials and Methods
Ethical Approval

All animal procedures were reviewed and approved by the Animal Experiment Ethics Committee of Kunming Medical
University (Approval No.: kmmu20221595). This study was conducted in accordance with the ARRIVE guidelines
(https://arriveguidelines.org), and we have adhered to the ARRIVE guideline. Experiments were conducted in compli-

ance with national regulations and the International Association of Veterinary Editors’ Consensus Guidelines for Animal
Ethics and Welfare. Anesthesia was applied for all surgical procedures, and every effort was made to minimize pain,
suffering, and mortality.

Animals and Housing

Seventy male Sprague—Dawley (SD) rats (8 weeks old, 330 = 20 g) were purchased from Hunan SJA Laboratory Animal
Co., Ltd. (license: SCXK (Xiang) 2019-0004). All animals were acclimatized for one week under SPF conditions
(temperature 22 + 2 °C, humidity 55% =+ 10%, 12 h light/dark cycle) at the Experimental Animal Department of
Kunming Medical University, with free access to food and water.

Experimental Grouping and Diabetes Induction

This study was designed as a randomized, controlled, parallel-group in vivo animal experiment. Rats were randomly
assigned into five groups: Normal Control (CON, n=15), Normal Control with MerTK inhibitor (CON+MRX-2843,
n=15), Type 2 Diabetes Mellitus 2-week group (T2DM-2, n=10), Type 2 Diabetes Mellitus 12-week group (T2DM-12,
n=11), and T2DM-12 with MerTK inhibitor (T2DM-12+MRX-2843, n=12). The control groups received standard chow
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(Beijing KEAO Xieli Feed Co., Ltd)., while the experimental groups were fed a high-fat, high-sugar diet (Research Diets
D12451; 35% carbohydrate calories, 45% fat calories, customized by Jiangsu Xietong Pharmaceutical Bio-engineering
Co., Ltd). After six weeks of dietary intervention, experimental groups were injected intraperitoneally with 1%
streptozotocin (STZ; Sigma, USA) at 35 mg/kg, while controls received an equal volume of saline. Random tail vein
blood glucose was monitored on days 3, 7, and 14 post-injection, and rats with glucose > 300 mg/dL were considered
successfully modeled as diabetic.

MerTK Inhibitor Intervention

At 8 weeks after successful modeling, CON and T2DM-12 groups were further randomized to receive either vehicle
(0.9% saline, 0.2 mL/day) or the MerTK inhibitor MRX-2843 (65 mg/kg/day, 0.2 mL gavage) for two weeks. The dose
of 65 mg/kg/day was selected based on previous preclinical studies demonstrating that this regimen achieves effective
MERTK inhibition with acceptable tolerability in murine models.'® During the experiment, all rats were monitored
weekly for weight, blood glucose, feeding, and activity. Short-acting insulin (1 U, intraperitoneal) was temporarily
administered only as a humane endpoint measure when blood glucose exceeded 504 mg/dL, to prevent life-threatening
hyperglycemia-related mortality. This intervention was applied minimally and did not constitute a therapeutic modifica-
tion of the diabetic model.

Sample Collection and Assays

After a 12-hour fast, rats received general anesthesia via intraperitoneal injection of 0.9% sodium pentobarbital (30 mg/kg),
followed by sciatic nerve conduction velocity measurement. Upon completion of the measurement, an additional intraper-
itoneal dose of sodium pentobarbital (30 mg/kg) was administered to ensure deep anesthesia. Blood was then collected via the
abdominal aorta, and complete exsanguination under deep anesthesia was performed for euthanasia. Serum was separated by
centrifugation at 2500 rpm for 15 min at 4 °C. Fasting plasma glucose (FPG), triglycerides (TG), total cholesterol (TC),
glycated hemoglobin (HbA1c), and insulin (INS) were measured using ELISA kits (BioSharp Inc., China). Pro-inflammatory
cytokines (NF-kB p65, TNF-a, IL-1f3) were quantified with rat ELISA kits (#E-EL-R0674, BioSharp Inc). The NF-«B p65
ELISA measures total circulating NF-kB p65 protein in serum. Given that NF-«B is primarily an intracellular transcription
factor, serum NF-kB p65 levels were interpreted as a surrogate marker of systemic NF-kB—associated inflammatory activity
rather than reflecting intracellular activation or nuclear translocation status. Plasma MerTK levels were determined using
a sandwich ELISA kit (Thermo Fisher, Item No.: EHMER). The measured serum MerTK represents soluble MerTK
(sMerTK), which is generated by proteolytic cleavage of membrane-bound MerTK and released into circulation.
Therefore, circulating MerTK levels were interpreted as a surrogate indicator of systemic MerTK shedding and related
inflammatory status, rather than direct measurement of cellular receptor expression.

Histological Examination

Pancreatic tissues were harvested after perfusion with phosphate-buffered saline (PBS, ~50 mL) via the left ventricle until the
effluent was clear. Tissues were fixed in either 4% paraformaldehyde or 10% neutral buffered formalin, dehydrated, embedded
in paraffin, and sectioned. Sections were stained with hematoxylin (10-20 min), differentiated with hydrochloric acid alcohol
(5-10 s), counterstained with eosin (3—5 min), and dehydrated in graded alcohols. Slides were mounted with neutral gum and
observed under a light microscope. All histological images were captured under identical microscope settings, including
magnification, illumination, and camera parameters, to ensure consistency across groups.

Statistical Analysis

Continuous variables were assessed for normality using the Shapiro—Wilk test. In both the three-group comparison (CON,
T2DM-2, and T2DM-12) and the five-group comparison following MRX-2843 administration (including CON+MRX-2843
and T2DM-12+MRX-2843), at least one group deviated from a normal distribution. Therefore, continuous variables were
summarized as median (interquartile range, IQR).
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Between-group comparisons were performed using the Kruskal-Wallis test. When the overall test was statistically
significant, post hoc pairwise comparisons were conducted using Dunn’s test, with p-values adjusted for multiple
comparisons using the False Discovery Rate (Benjamini-Hochberg method).

For the changes in body weight and blood glucose between 2 and 8 weeks after STZ injection, effect sizes were
additionally calculated for the nonparametric paired comparisons. Since the Wilcoxon signed-rank test was used, the
effect size was reported as r, calculated as r = z/sqrt(N), where Z denotes the standardized Wilcoxon test statistic and
N denotes the number of paired observations. An r value of 0.1 was considered small, 0.3 medium, and 0.5 large.

To further evaluate the robustness of group comparisons among the five groups, post-hoc power analyses were
performed for all outcomes after MRX-2843 administration. As no standard approach exists for directly estimating power
in the Kruskal-Wallis test, an approximation based on the parametric one-way ANOVA framework was adopted, with
effect sizes derived from the observed group differences. Effect sizes of ANOVA were quantified using eta-squared (%),
representing the proportion of total variance explained by group differences. A n* value of 0.01 was considered small,
0.06 medium, and 0.14 large. Conventionally, a power value of 0.8 or higher is considered indicative of adequate
statistical sensitivity.

Analysis of covariance (ANCOVA) was performed to evaluate the association between group and MerTK levels,
adjusting for FPG, HbAlc, TG, TC, and INS. Type III sums of squares were used to assess the independent effect of
Group. Effect sizes were reported as partial eta-squared (n°).

All statistical analyses were performed using R version 4.5.2 (R Foundation for Statistical Computing, Vienna,
Austria). A two-tailed P < 0.05 was considered statistically significant.

Box plots for histopathological quantitative data were generated using GraphPad Prism version 10 (GraphPad
Software, USA).

Results
Study Flow, Mortality, and Baseline Comparability

A total of 70 SD rats were initially enrolled and subjected to the experimental protocol (Figure 1). During the model
establishment phase, rats in the T2DM-12w group experienced a total of seven deaths under high-fat diet feeding and
STZ induction, resulting in 23 animals being successfully included in the final T2DM-12w model group. No mortality
occurred in the CON or T2DM-2w groups during this phase.

Subsequently, during the intervention period, the T2DM-12w group was further divided into T2DM-12w + NS (n =
12) and T2DM-12w + MRX-2843 (n = 11). One additional death occurred in the T2DM-12w + MRX-2843 group during
drug administration, whereas no mortality was observed in the other four groups. Overall, only one death occurred after
model establishment and group allocation.

To ensure comparability among groups, baseline characteristics were evaluated at two different groupings (3 groups
or 5 groups). At the completion of model establishment, there were no statistically significant differences among the three
primary groups (CON, T2DM-2w, and T2DM-12w) in body weight (H = 4.19, P = 0.123) or blood glucose levels (H =
2.20, P = 0.332). Similarly, in the grouping after intervention (five-group comparison), baseline body weight (H = 4.63,
P =0.328) and blood glucose levels (H = 4.50, P = 0.343) remained comparable across all groups, including the T2DM-
12w + MRX-2843 group after accounting for one death.

Taken together, although mortality occurred during model establishment in the T2DM-12w group, the minimal loss
after group allocation and the absence of significant baseline differences indicate that group comparability was well
maintained throughout the study.

Metabolic Parameters and Animal Health Status

Before the initiation of the high-fat and high-sugar diet, no significant differences in body weight were observed among
the groups (P = 0.123, Table 1). Similarly, prior to STZ injection, blood glucose levels remained within the normal range
and were comparable across all groups (P = 0.332).
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Figure | The experimental flow diagram.
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During the high-fat diet period and at the time of STZ injection, rats in the experimental groups (T2DM-2 and T2DM-12)
exhibited significantly higher body weights compared with the CON group (both P < 0.001, Table 1), indicating successful
induction of metabolic alterations before diabetes modeling.

Two weeks after STZ injection, both experimental groups showed marked increases in blood glucose levels compared
to the CON group (both P < 0.001), confirming successful establishment of the diabetic model. Body weight remained
significantly higher in the experimental groups than in CON at this time point (P < 0.001).
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Table | Changes of Body Weight and Blood Glucose in Each Group

Characteristic CON (n=30) T2DM-2 (n=10) T2DM-12 (n=23) H P
Body weight (g)
Before high-fat and high-sugar feeding 271.60 (263.70, 283.93) | 271.15 (263.93, 276.80) 281.80 (275.20, 290.10) 4.19 0.123
During STZ injection 435.00 (426.72, 459.12) | 579.90 (572.88, 589.42)" | 587.50 (567.20, 597.95) | 46.51 | <0.00!
2 weeks after STZ injection 461.55 (452.10, 494.70) | 591.00 (577.52, 592.77)* | 585.80 (569.50, 596.55)* | 45.61 | <0.001
8 weeks after STZ injection 583.90 (535.15, 609.15) - 514.60 (505.50, 520.85) | 25.62 | <0.00!
Effect size r of Body weight (g)
2 weeks after STZ injection 0.87 0.89 0.88
8 weeks after STZ injection 0.87 - 0.88
Blood glucose (mmol/L)
Before STZ injection 5.80 (5.40, 6.38) 6.65 (5.50, 6.77) 6.00 (5.65, 6.55) 2.20 0.332
2 weeks after STZ injection 5.80 (5.53, 6.50) 22.85 (18.88, 28.25)° 27.10 (23.70, 31.20)* 47.43 | <0.001
8 weeks after STZ injection (before gavage) 6.15 (5.50, 6.57) - 26.10 (22.20, 28.85)* 38.39 | <0.001
Effect size r of Blood glucose (mmol/L)
2 weeks after STZ injection 0.11 0.89 0.88
8 weeks after STZ injection (before gavage) 0.28 - 0.88

Notes: *P<0.05 compared to CON group. An effect size r value of 0.1 was considered small, 0.3 medium, and 0.5 large.

At eight weeks after STZ injection (before gavage intervention), rats in the T2DM-12 group maintained significantly
elevated blood glucose levels (P < 0.001), while body weight was significantly reduced compared with the CON group (P
< 0.001), suggesting a progression toward a catabolic diabetic state.

Rats in the CON group maintained normal fur coloration and body shape, with no observed abnormalities in food and
water intake, behavior, or urination. Rats in the T2DM-2 group showed polyphagia, polydipsia, polyuria, occasional
presence of a rotten-apple odor in urine, reduced activity, and lethargy. Rats in the T2DM-12 and T2DM-12+MRX-2843
groups, after 12 weeks of high-fat and high-sugar diet, presented with smaller body size, dry and unkempt fur, bluish
skin, cyanosis around the mouth and nose, reduced mobility, and occasional unilateral or bilateral hindlimb claudication.

Serum MerTK Expression

Serum MerTK expression differed significantly among groups (P < 0.001, Table 2) and showed an increasing trend with

diabetes duration. Specifically, MerTK levels were significantly higher in both the T2DM-2 and T2DM-12 groups

compared with the CON groups (all P < 0.05), with the highest levels observed in the T2DM-12 group.
Administration of the MerTK inhibitor MRX-2843 significantly reduced MerTK levels. In the T2DM-12+MRX-2843

group, MerTK levels were significantly lower than those in the T2DM-12 group (P < 0.05), approaching levels

comparable to the non-diabetic groups. No significant difference was observed between the CON and CON+MRX-

2843 groups.

Table 2 Changes of MerTK, Blood Glucose, Insulin, and Lipid Levels in Each Group

Index CON (n=15) CON+MRX-2843 (n=15) T2DM-2 (n=10) T2DM-12 (n=12) T2DM-12+MRX-2843 H P
(n=10)
MerTK (ng/mL) 43.47 (41.15, 55.62) 42,19 (38.12, 46.16) 54.77 (46.26, 60.19)° 64.10 (61.84, 74.53) 50.47 (46.61, 54.71)¢ 29.64 | <0.001
FPG (mmol/L) 5.70 (5.60, 6.00) 5.80 (5.45, 6.35) 22.85 (18.88, 28.25) 25.95 (24.62, 28.77)™ 29.40 (27.52, 32.15)™ 47.34 | <0.001
HbAlc (nmol/L) | 218.81 (210.15, 221.40) 243.94 (230.69, 246.64) 275.88 (268.86, 280.93)* | 300.33 (288.56, 305.99)° | 30771 (300.86, 315.61)® | 53.41 | <0.001
TC (mmol/L) 145 (1.25, 1.78) 2.00 (1.90, 2.05)* 215 (2.10, 2.19)® 219 (2.14, 223)® 2.56 (2.52, 2.59)™¢ 5290 | <0.001
TG (mmoliL) 0.98 (081, 1.13) 1.23 (0.98, 1.50)° 119 (111, 1.29) 132 (1.26, 134y 1.75 (1.72, 1.83)¢ 3832 | <0.001
INS (mU/L) 201 (171, 2.12) 201 (1.82, 2.32) 257 (2.19, 327 3.07 (255, 3.30) 3.33 (329, 3.46)™ 3482 | <0.001
NF-xB (pg/mL) | 410.40 (391.35, 428.20) 446.50 (427.35, 482.50) 426.50 (407.80, 436.98) | 459.00 (427.07, 535.88)° | 620.75 (609.40, 623.20)™¢ | 31.91 | <0.001
TNF-o (pg/mL) 12.78 (1119, 15.00) 20.44 (19.39, 22.91)* 18.74 (16.52, 20.85) 23.86 (21.46, 28.72)* 35.35 (32.45, 36.89)°° 4477 | <0.001
IL-1B (pg/mL) 56.10 (44.50, 60.65) 81.40 (73.10, 94.15)" 60.35 (56.15, 66.73)° 60.05 (57.52, 70.70) 10225 (98.20, 12342) ,cq | 3453 | <0.001

Notes: *P<0.05 compared to CON group; °P<0.05 compared to CON+MRX-2843 group; “P<0.05 compared to T2DM-2 group; “P<0.05 compared to T2DM-12 group.
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After adjusting for metabolic covariates (FPG, HbAlc, TG, TC, and INS), Group remained significantly associated
with MERTK levels (F = 4.80, P = 0.002). The effect size was large, with a partial n* of 0.53, indicating that more than
half of the variance in MerTK was explained by group differences. None of the covariates showed significant associa-
tions with MERTK (all P > 0.05).

Metabolic Parameters
All metabolic parameters, including fasting plasma glucose (FPG), glycated hemoglobin (HbA1c¢), total cholesterol (TC),
triglycerides (TG), and insulin (INS), differed significantly among groups (all P < 0.001, Table 2).

Compared with the CON groups, both T2DM groups exhibited markedly elevated FPG and HbAlc levels (all P <
0.05), confirming persistent hyperglycemia. Lipid profiles (TC and TG) and insulin levels were also significantly
increased in the T2DM groups, indicating pronounced metabolic dysregulation.

Notably, inhibition of MerTK with MRX-2843 further aggravated metabolic abnormalities. The T2DM-12+MRX-
2843 group exhibited significantly higher levels of FPG, HbAlc, TC, TG, and INS compared with the T2DM-12 group

(all P < 0.05), suggesting that MerTK inhibition exacerbates metabolic impairment in diabetic conditions.

Inflammatory Cytokines
Inflammatory cytokine levels differed significantly among groups (all P < 0.001, Table 2) and increased with diabetes
progression. Compared with the CON groups, the T2DM-12 group showed significantly elevated levels of NF-kB, TNF-
a, and IL-1PB (all P < 0.05), indicating enhanced systemic inflammation associated with prolonged diabetes.

Following MRX-2843 administration, inflammatory responses were further amplified. The T2DM-12+MRX-2843
group exhibited significantly higher levels of NF-kB, TNF-a, and IL-1p compared with the T2DM-12 group as well as all
other groups (all P < 0.05), demonstrating that inhibition of MerTK markedly intensifies inflammatory activation.

Effect Size and Post-Hoc Power Analysis
Effect size estimation based on one-way ANOVA revealed large between-group differences across all measured parameters
(Table 3). The n” values ranged from 0.49 to 0.91, all exceeding the threshold for a large effect size (1 > 0.14), indicating that
group differences accounted for a substantial proportion of the variance in each outcome.

Post-hoc power analysis demonstrated that all comparisons achieved a statistical power of 100%, indicating a very
low probability of type II error and confirming that the sample size was sufficient to detect the observed group

differences.

Table 3 The Estimated Effect Size and Post-
Hoc Power Based on One-Way ANOVA

Index n? | Post-Hoc Power
MerTK (ng/mL) | 0.52 100%
FPG (mmol/L) 091 100%
HbAlc (nmol/L) | 0.90 100%
TC (mmol/L) 0.84 100%
TG (mmol/L) 0.69 100%
INS (mU/L) 0.62 100%
NF-«B (pg/mL) 0.72 100%
TNF-a (pg/mL) | 0.62 100%
IL-1B (pg/mL) 0.49 100%

Note: A n? value of 0.01 was considered small, 0.06
medium, and 0.14 large.
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Pancreatic Histopathology

Histopathological examination revealed distinct morphological changes across groups (Figure 2). The CON group
(Figure 2A) displayed normal pancreatic architecture, with round cells, central nuclei, orderly and tightly packed cells,
well-defined boundaries, and regular islets with evenly distributed cells. The CON+MRX-2843 group (Figure 2B)
showed relatively regular pancreatic islets with clear boundaries. Islets retained round or oval shapes without significant
cell loss, and the overall pancreatic structure was largely intact with closely arranged cells.

The T2DM-2 group (Figure 2C) exhibited irregular islet architecture with poorly defined borders, sparse and
unevenly distributed cells, incomplete tissue structure, blurred boundaries, and vacuolar infiltration. The T2DM-12
group (Figure 2D) demonstrated pronounced islet atrophy, sparse and disordered cells, bubble degeneration, unclear
boundaries between islets and exocrine tissue, and extensive vacuolar degeneration. The T2DM-12+MRX-2843 group
(Figure 2E) showed severe islet atrophy, irregular and disorganized cell morphology, vacuole formation in the inter-
stitium, and overall pancreatic tissue damage.

Quantitative analysis of pancreatic histopathology further supported the morphological observations (Figure 3).
Significant differences were observed among groups for all evaluated parameters, including islet architectural integrity
(H=30.62, P <0.001), lobular integrity (H = 32.14, P < 0.001), number of islets per section (H = 30.18, P <0.001), and
islet area (H = 35.63, P < 0.001).

For islet architectural integrity (Figure 3A), both the CON and CON+MRX-2843 groups exhibited low scores,
indicating preserved islet structure, with no significant difference between them. In contrast, integrity scores increased
progressively in the T2DM-2 and T2DM-12 groups, reflecting structural disruption, and were further elevated in the
T2DM-12+MRX-2843 group, suggesting aggravated islet damage following MerTK inhibition.

A similar trend was observed for lobular integrity (Figure 3B), where no significant difference was detected between
CON and CON+MRX-2843 groups, while significantly higher scores were found in diabetic groups, particularly in
T2DM-12 and T2DM-12+MRX-2843, indicating worsening lobular disorganization with disease progression and drug
intervention.

Figure 2 Representative photomicrographs of H&E-stained pancreatic sections acquired at 200% magnification. (A) CON group; (B) CON+MRX-2843 group; (C) T2DM-2
group; (D) T2DM-12 group; (E) T2DM-12+MRX-2843 group. Arrows indicate pancreatic islets. Scale bar: 100um. All images were captured using identical microscope,
magnification, illumination, and camera settings across groups.
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Figure 3 The quantitative analysis of pancreatic histopathology, including (A) islet architectural integrity, (B) lobular integrity, (C) number of islets per section, and (D) islet
area. Data are presented as box-plot, the range of the box is from min to max, with the middle line representing the median. Group comparisons were performed using the
Kruskal-Wallis test followed by Dunn’s post-hoc test. All parameters showed significant differences among groups (P < 0.001). ns, not significant; **P < 0.01; **P < 0.001;

P < 0.0001.
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In contrast, the number of islets per section (Figure 3C) showed a decreasing trend. The CON and CON+MRX-2843
groups had comparable islet counts, whereas significant reductions were observed in T2DM-2 and further in T2DM-12.
The lowest counts were observed in the T2DM-12+MRX-2843 group, indicating marked loss of islets.

Similarly, islet area (Figure 3D) progressively declined from CON to diabetic groups. While no significant difference
was found between CON and CON+MRX-2843, both T2DM-12 and T2DM-12+MRX-2843 groups exhibited signifi-
cantly reduced islet area, with the smallest areas observed in the T2DM-12+MRX-2843 group.

Overall, these quantitative findings consistently demonstrate that diabetes induces progressive deterioration in
pancreatic islet structure, characterized by increased architectural disruption and reduced islet number and size, and
that MerTK inhibition further exacerbates these pathological changes.

Discussion

Principal Findings: MerTK as a Compensatory Protective Factor in T2DM Islets

This study demonstrated that MerTK plays a critical protective role in T2DM. Dynamic analysis revealed that serum
MerTK levels progressively increased with diabetes duration, peaking in the T2DM-12 group, suggesting
a compensatory response to persistent metabolic stress and inflammation. Pharmacological inhibition of MerTK with
MRX-2843 worsened metabolic abnormalities—including elevated FPG, HbAlc, TG, TC, and insulin—while aggravat-
ing inflammatory responses and pancreatic structural damage. The observed islet atrophy and vacuolation following
MerTK inhibition provide loss-of-function evidence for its essential role. Taken together, our findings indicate that
MerTK preserves pancreatic integrity in T2DM, primarily through restraining inflammatory injury.

MerTK in Diabetes: Reconciling Context-Dependent Roles (TIDM vs. T2DM)

These findings should also be interpreted in the broader context of previous research on diabetes subtypes. Our results are
consistent with studies showing that MerTK exerts anti-inflammatory and tissue-protective effects in various chronic
disease models.?**' By promoting efferocytosis, limiting pro-inflammatory cytokine release, and supporting tissue repair,
MerTK contributes to immune homeostasis.?’'

However, in contrast to our observations, studies in type 1 diabetes (TIDM) suggest that MerTK may facilitate
autoimmune-mediated B-cell destruction.”*** In NOD mice, aberrant MerTK signaling in antigen-presenting cells enhanced
autoreactive T-cell activation, accelerating B-cell loss.”* This apparent paradox underscores the context-dependent roles of
MerTK in diabetes. In T1DM, where autoimmunity dominates, impaired MerTK function on dendritic cells and macrophages
likely promotes antigen presentation and T-cell priming.**** In T2DM, however, characterized by metabolic inflammation,

2425 and dampening NF-kB—driven cytokine release’'—are

MerTK’s beneficial functions—such as enhancing efferocytosis
more relevant. Our results provide the first in vivo evidence that MerTK acts as a compensatory protective factor in T2DM-

associated islet inflammation, thereby reconciling its divergent roles across diabetes subtypes.

Mechanistic Insights: Linking MerTK to NF-kB—Mediated Pancreatic Inflammation
NF-kB is a central mediator of islet inflammation in T2DM.?® As part of the TAM receptor family, MerTK is activated by
ligands such as Gas6 and Protein S to promote efferocytosis and inflammation resolution.>' Consistent with prior reports,”’ we
observed persistent NF-kB activation and elevated cytokines (TNF-a, IL-1B) during disease progression. Importantly, our
study identifies MerTK as an upstream negative regulator of this pathway. MerTK inhibition led to unchecked NF-«B
signaling, heightened inflammatory mediator release, and aggravated histopathological injury.

Mechanistically, compensatory MerTK upregulation in T2DM likely serves to counterbalance NF-«kB activation and
preserve immune equilibrium.'® Previous studies have shown that MerTK can induce SOCS1/3 expression®® and promote
macrophage polarization toward an anti-inflammatory M2 phenotype,”® both of which may contribute to NF-«kB
suppression. However, these downstream mechanisms were not directly examined in the present study. Therefore, our
proposed MerTK-NF-kB regulatory pathway should be interpreted as a working mechanistic model based on existing

literature and our functional observations, rather than definitive mechanistic proof.
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Study Limitations and Future Directions

Several limitations should be acknowledged. First, our analyses were limited to serum MerTK and cytokine measure-
ments, which capture systemic changes but not local pancreatic events. Importantly, we did not directly assess
pancreatic NF-xB activation, SOCS-related downstream signaling, or macrophage polarization status, which limits
mechanistic interpretation of the proposed MerTK-mediated anti-inflammatory pathway. In particular, NF-xB activa-
tion was inferred from serum levels of total NF-xB p65 and downstream cytokines, which serve as surrogate markers
of systemic inflammation but do not directly reflect NF-kB signaling within pancreatic tissue. Future tissue-based
studies (eg., immunohistochemistry or Western blot) for phosphorylated NF-kB p65, MerTK, and other NF-kB
pathway proteins are necessary to confirm the involvement of pancreatic NF-kB in MerTK-mediated islet protection
and to validate the causal signaling pathway proposed in this study. Second, while MRX-2843 inhibition provided
functional evidence, additional validation using cell-type—specific MerTK knockout models or MerTK agonists would
clarify causal mechanisms.>® Third, the precise cellular sources of MerTK within the pancreas remain uncertain.
Although macrophages are likely the major contributors, B cells or stromal cells may also express MerTK. In vitro
experiments with macrophage and B-cell lines under metabolic stress could help dissect these contributions. Fourth, we
did not perform dynamic functional tests of B-cell activity, such as intraperitoneal glucose tolerance tests (IPGTT),
insulin tolerance tests (ITT), or glucose-stimulated insulin secretion (GSIS) assays. Therefore, our conclusions
regarding B-cell dysfunction are based on fasting serum insulin levels, pancreatic histology (islet area and architec-
ture), and metabolic parameters (FPG, HbAlc), which provide indirect evidence only. Future studies incorporating
these functional readouts are needed to directly assess B-cell secretory capacity and to determine whether MerTK
modulation affects insulin production independently of systemic inflammation. Finally, the therapeutic implications
warrant further study. Given MerTK’s protective role, pharmacological activation of this pathway may represent
a novel immunometabolic approach to preserve islet function in T2DM.

Conclusion

In summary, this study demonstrates that MerTK expression is dynamically upregulated during T2DM progression as
a compensatory protective mechanism. Our findings suggest that MerTK may alleviate pancreatic inflammation and
structural damage, potentially involving modulation of NF-kB signaling, thereby contributing to the preservation of islet
function. Conversely, MerTK inhibition aggravates metabolic dysfunction, cytokine release, and tissue injury. These
findings advance our understanding of B-cell failure in T2DM and support further investigation of MerTK as a potential
immunometabolic target. Future studies using gain-of-function approaches or targeted agonists are needed to determine
whether modulation of MerTK activity could serve as a viable therapeutic strategy. In addition, future translational and
clinical studies are warranted to explore the feasibility of targeting MerTK signaling as a novel therapeutic strategy in
patients with type 2 diabetes mellitus.
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