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ABSTRACT

Background: Non-alcoholic fatty liver disease (NAFLD) is a prevalent liver condition characterized
by excessive fat accumulation in the liver, which can lead to liver dysfunction and other metabolic
disorders.

Objective: To identify and characterize the proteomic changes associated with the dysregulation of
hepatic glyoxalase 1 in patients with non-alcoholic fatty liver disease.

Methods: The study included 55 patients diagnosed with NAFLD. Proteomic analysis was conducted
on liver tissue samples to quantify GLO1 expression levels and assess its functional alterations.
Techniques such as mass spectrometry and Western blotting were used to identify the proteomic
profile and characterize the changes in GLO1.

Results: The proteomic analysis revealed that the expression of GLO1 was significantly reduced in
the hepatic tissue of NAFLD patients compared to healthy controls. Specifically, the average GLO1
expression level in NAFLD patients was 35% + 5% of the level observed in controls (p < 0.01). In
severe cases of NAFLD, GLOL1 expression was further reduced to 20% + 3% of the control levels. A
strong inverse correlation was observed between GLO1 expression and the degree of liver steatosis (r
=-0.75, p <0.001). Patients with advanced steatosis (grade 3) had the lowest GLO1 levels, averaging
18% + 2% of control values, while those with mild steatosis (grade 1) had levels averaging 42% +
4%.

Conclusion: Hepatic glyoxalase 1 is significantly dysregulated in non-alcoholic fatty liver disease,
with reduced expression and altered activity contributing to the progression of the disease. These
findings highlight the importance of GLOL1 as a potential therapeutic target in the management of
NAFLD.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a growing public health concern that has gained
considerable attention due to its alarming rise in prevalence worldwide. Affecting up to 25% of the
global population, NAFLD encompasses a spectrum of liver disorders, ranging from simple hepatic
steatosis to the more severe and progressive non-alcoholic steatohepatitis (NASH). While simple
steatosis is often benign and reversible, NASH is associated with inflammation and liver cell damage,
potentially leading to fibrosis, cirrhosis, liver failure, and hepatocellular carcinoma. Unlike alcohol-
related liver diseases, NAFLD occurs in individuals with little to no alcohol consumption and is
closely linked to metabolic syndrome, obesity, insulin resistance, and type 2 diabetes [1] . Despite its
rising incidence, the exact molecular mechanisms underlying NAFLD development and progression
are not fully understood, highlighting the need for further research into the proteins and pathways
involved in this complex disease. In recent years, proteomic studies have emerged as a powerful tool
for uncovering the molecular mechanisms involved in various diseases, including NAFLD [2].
Proteomics, the large-scale study of proteins, allows for the identification and quantification of
thousands of proteins within a biological sample.

It can provide insights into protein expression levels, post-translational modifications, and protein-
protein interactions, all of which are crucial for understanding the molecular basis of disease [3]. In
the context of NAFLD, proteomic analysis has the potential to identify key proteins involved in lipid
metabolism, inflammation, oxidative stress, and fibrosis, offering a more comprehensive
understanding of disease pathology and identifying potential therapeutic targets. Among the many
proteins potentially involved in NAFLD, glyoxalase 1 (GLO1) stands out as an enzyme of particular
interest. GLO1 is a critical component of the glyoxalase system, responsible for detoxifying
methylglyoxal (MG), a highly reactive dicarbonyl compound primarily formed as a byproduct of
glycolysis. Methylglyoxal can readily modify proteins, nucleic acids, and lipids, leading to the
formation of advanced glycation end-products (AGEs) [4]. AGEs have been implicated in the
pathogenesis of several chronic diseases, including diabetes, cardiovascular diseases, and
neurodegenerative disorders. In the liver, AGEs are known to induce oxidative stress, inflammation,
and fibrogenesis, all of which are hallmarks of NAFLD progression.

Therefore, dysregulation of GLO1 and the accumulation of methylglyoxal and AGEs may contribute
significantly to the pathophysiology of NAFLD [5]. Despite the potential importance of GLOL1 in
maintaining metabolic and oxidative balance, its role in NAFLD has been largely underexplored.
Studies in other metabolic disorders have shown that reduced GLO1 activity leads to increased
methylglyoxal levels, exacerbating oxidative stress, insulin resistance, and inflammation. These
factors are also key drivers of NAFLD, suggesting that GLO1 dysregulation may play a critical role
in disease onset and progression [6]. Moreover, evidence suggests that GLO1 expression and activity
are regulated by various factors, including hyperglycemia, oxidative stress, and inflammation, all of
which are common in NAFLD.

This highlights the need to investigate the role of GLO1 in NAFLD through a detailed proteomic
analysis, which could reveal novel insights into the molecular mechanisms of this disease [7].
Proteomic studies focusing on hepatic GLO1 in the context of NAFLD could provide valuable
information on how its dysregulation affects liver function and contributes to disease progression [8].
By analyzing protein expression profiles, researchers can identify changes in GLOL1 levels and post-
translational modifications in liver tissues from individuals with NAFLD. Additionally, proteomics
can uncover alterations in key metabolic pathways, such as glycolysis, oxidative stress response, and
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lipid metabolism, providing a more comprehensive view of how GLO1 dysfunction impacts liver
health [9].

Objective

This research aims to utilize advanced proteomic techniques to identify and characterize GLO1
dysregulation in NAFLD. Through mass spectrometry-based proteomics, we can detect subtle
changes in protein expression and modifications, offering deeper insights into the molecular
mechanisms driving NAFLD.

METHODOLOGY

This study involved a detailed proteomic analysis aimed at investigating the dysregulation of
glyoxalase 1 (GLO1) in patients diagnosed with non-alcoholic fatty liver disease (NAFLD). A total
of 55 patients with confirmed NAFLD were included in the study, and liver tissue samples were
obtained for proteomic analysis to quantify GLO1 expression levels and assess its functional
alterations. The methodology employed a combination of advanced proteomic techniques to provide
a comprehensive overview of GLO1's role in NAFLD progression.

Proteomic Analysis of GLO1
Proteomic analysis was performed to quantify GLO1 expression levels and detect potential changes
in its functional activity in NAFLD patients. The following steps were undertaken:

a. Protein Extraction
Liver tissue samples were homogenized using a lysis buffer containing protease and phosphatase
inhibitors to prevent protein degradation. Total protein was extracted from the samples, and protein
concentration was determined using a bicinchoninic acid (BCA) assay to ensure equal protein loading
in subsequent analyses.

b. Mass Spectrometry Analysis

Mass spectrometry-based proteomics was employed to quantify GLO1 expression levels and identify
any post-translational modifications. The protein extracts were digested into peptides using trypsin,
followed by peptide purification. Liquid chromatography-tandem mass spectrometry (LC-MS/MS)
was performed to analyze the proteomic profile of the liver tissues. Peptide sequences were matched
to known protein databases to identify GLO1 and other relevant proteins involved in metabolic and
oxidative stress pathways. Relative quantification of GLO1 was achieved through label-free
quantification methods.

Western Blot Analysis

To validate the mass spectrometry findings, Western blotting was used to further assess GLO1
expression levels in liver tissues. The extracted proteins were separated by SDS-PAGE and transferred
to a polyvinylidene fluoride (PVDF) membrane. Membranes were blocked with non-fat dry milk and
incubated overnight with primary antibodies specific to GLOL1. After incubation with secondary
antibodies, the proteins were visualized using enhanced chemiluminescence (ECL) detection.

Band intensity corresponding to GLO1 was quantified using image analysis software to confirm the
results of the mass spectrometry data. To assess the functional alterations of GLO1 in NAFLD
patients, GLO1 enzymatic activity was measured using an in vitro glyoxalase assay. This assay
quantified the ability of GLO1 to convert methylglyoxal (MG) into less toxic compounds. Liver tissue
homogenates were incubated with methylglyoxal, and the formation of S-lactoylglutathione (the
product of the glyoxalase reaction) was monitored over time using spectrophotometry. This allowed
for the comparison of GLO1 activity levels between NAFLD patients and control subjects.
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Statistical Analysis

All data from mass spectrometry, Western blot, and GLOL1 activity assays were analyzed using
statistical software. Differences in GLO1 expression and activity between NAFLD patients and
control samples were assessed using Student’s t-test or ANOVA, as appropriate. A p-value of less
than 0.05 was considered statistically significant.

RESULTS

This study involved a detailed analysis of glyoxalase 1 (GLO1) expression and activity in liver tissues
from 55 non-alcoholic fatty liver disease (NAFLD) patients. The results provided valuable insights
into the dysregulation of GLO1 in NAFLD progression. The mass spectrometry analysis revealed
significant alterations in GLO1 expression between NAFLD patients and controls. The mean relative
expression level of GLO1 in NAFLD liver tissues was found to be reduced by approximately 35%
compared to healthy controls (p < 0.01). Specifically, the average GLO1 expression level in NAFLD
patients was 0.65 (arbitrary units) compared to 1.0 in controls, indicating a marked downregulation
of GLOL1 in the diseased state.

Table 1: GLO1 Expression Levels in NAFLD Patients vs Controls (Mass Spectrometry and
Western Blot)

Group Mass Spectrometry | Western Blot (% of
(Relative Expression) | Control)

NAFLD Patients | 0.65 £ 0.10 60%

Control Group 1.00+0.12 100%

p-value <0.01 <0.05

The mass spectrometry analysis showed a 35% reduction in GLO1 expression in NAFLD patients
compared to controls. Western blot results validated this finding with a 40% decrease in GLO1 protein
levels in NAFLD tissues. Western blot analysis corroborated the findings of the mass spectrometry
data. The band intensity corresponding to GLO1 was significantly lower in NAFLD patients.
Densitometric analysis showed a 40% decrease in GLO1 protein levels in NAFLD patients compared
to controls (p < 0.05). This validation confirmed the proteomic data, establishing that GLO1
expression is significantly reduced in NAFLD. The results revealed a significant reduction in GLO1
enzymatic activity in NAFLD patients compared to controls.

e NAFLD group: GLO1 activity was measured at 50 £ 5 nmol/min/mg protein.
e Control group: GLOL1 activity was 85 £ 7 nmol/min/mg protein.

This represents a 41% reduction in GLOL1 activity in NAFLD patients (p < 0.001), indicating that
GLO1 not only exhibits decreased expression but also impaired functionality. This reduction in
enzymatic activity was strongly correlated with the increased accumulation of methylglyoxal (MG)
and advanced glycation end-products (AGES) observed in the NAFLD liver tissues.

Table 2: GLO1 Enzymatic Activity in NAFLD Patients vs Controls

Group GLO1 Activity (nmol/min/mg protein)
NAFLD Patients 50+5

Control Group 8517

p-value <0.001

The enzymatic activity of GLO1 was reduced by 41% in NAFLD patients compared to controls,
indicating functional impairment of the enzyme. Reduced GLO1 expression and activity were
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associated with higher levels of liver enzymes (ALT and AST), increased liver fat accumulation (as

measured by histological assessment), and more advanced stages of fibrosis. Specifically:

e GLOL1 expression levels were inversely correlated with ALT (r = -0.45, p < 0.01) and AST (r = -
0.42, p < 0.01), suggesting that lower GLOL1 levels are linked to greater liver damage.

« A significant negative correlation was observed between GLO1 activity and the degree of steatosis
(r=-0.50, p <0.001) and fibrosis stage (r = -0.48, p < 0.001).

Table 3: Correlation Between GLO1 Levels and Clinical Parameters

Clinical Parameter | GLO1  Expression | GLO1 Activity | p-value
Correlation (r) Correlation (r)

ALT -0.45 -0.40 <0.01

AST -0.42 -0.38 <0.01

Degree of Steatosis | -0.50 -0.48 <0.001

Fibrosis Stage -0.48 -0.45 <0.001

Negative correlations were observed between GLO1 levels and liver enzyme (ALT, AST)
concentrations and the severity of steatosis and fibrosis, indicating that lower GLO1 expression and
activity were associated with more severe disease progression in NAFLD patients.

Table 4: Post-Translational Modifications of GLO1 in NAFLD Patients
Post-Translational Modification | NAFLD Patients (%) | Controls (%0) | p-value
Phosphorylation at Serine 240 75% 10% <0.01
Cysteine Oxidation 60% 15% <0.01
GLO1 in NAFLD patients exhibited increased post-translational modifications, including
phosphorylation and oxidation, which are known to impair its activity. These modifications were
significantly more common in NAFLD patients compared to controls.

Table 5: Advanced Glycation End-Product (AGE) Levels in NAFLD Patients vs Controls

Group AGE Levels (ug/mg protein)
NAFLD Patients 3.2+0.5

Control Group 1.3£0.3

p-value <0.001

AGE accumulation was 2.5 times higher in NAFLD patients than in controls, which correlates with
the decreased GLO1 activity and its inability to detoxify methylglyoxal, a precursor to AGEs.

DISCUSSION

The findings of this study provide novel insights into the dysregulation of glyoxalase 1 (GLO1) in
non-alcoholic fatty liver disease (NAFLD), shedding light on its potential role in disease progression.
By integrating proteomic analysis with functional assays, we identified significant reductions in both
GLO1 expression and enzymatic activity in liver tissues from NAFLD patients [10]. These results
suggest that GLO1 dysregulation may contribute to the accumulation of toxic metabolites, such as
methylglyoxal (MG) and advanced glycation end-products (AGES), exacerbating oxidative stress and
liver damage in NAFLD. Our data demonstrate a 35-40% reduction in GLO1 expression in NAFLD
patients compared to controls, confirmed by both mass spectrometry and Western blot analysis [11].
In addition, GLO1 enzymatic activity was reduced by approximately 41%, indicating that not only is
GLO1 downregulated in NAFLD, but its functionality is also compromised. This dual loss of GLO1
expression and activity is likely to result in the increased accumulation of MG, a highly reactive
dicarbonyl compound known to contribute to the formation of AGEs [12]. The observed reduction in
GLOL1 activity is consistent with previous studies in other metabolic disorders, such as diabetes and
obesity, which have also reported impaired GLOL1 function as a contributor to disease pathogenesis .
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Given the close link between NAFLD and metabolic syndrome, the dysregulation of GLOL in our
study further supports the notion that GLO1 plays a key role in maintaining metabolic homeostasis
[13]. In NAFLD, the impaired detoxification of MG by GLO1 likely contributes to the increased
oxidative stress, inflammation, and liver damage that characterize the disease.Post-translational
modifications (PTMs) of GLO1, such as phosphorylation and cysteine oxidation, were significantly
more prevalent in NAFLD patients than in controls. These modifications are known to impair GLO1
activity by altering its enzymatic structure and function [14]. For example, phosphorylation at Serine
240 has been shown to reduce GLO1's ability to detoxify MG, while oxidation of cysteine residues
interferes with the enzyme's catalytic mechanism. The high prevalence of these modifications in
NAFLD suggests that oxidative stress and metabolic dysfunction not only reduce GLO1 expression
but also compromise its functionality [15]. This may create a vicious cycle where reduced GLO1
activity leads to further accumulation of MG and AGEs, exacerbating oxidative damage and
contributing to disease progression. This finding highlights the importance of targeting both GLO1
expression and its post-translational modifications in future therapeutic strategies for NAFLD. One
of the most striking findings of this study was the 2.5-fold increase in AGE levels in NAFLD patients
compared to controls. AGEs are known to induce a variety of harmful effects in liver tissue, including
inflammation, fibrosis, and hepatocyte apoptosis [16] .

The accumulation of AGEs in NAFLD likely contributes to the disease’s progression from simple
steatosis to more advanced forms such as non-alcoholic steatohepatitis (NASH) and fibrosis. Given
that GLOL1 plays a central role in detoxifying MG, which is a major precursor of AGEs, the reduced
GLO1 activity observed in our study likely facilitates AGE accumulation in NAFLD. This finding is
supported by the significant negative correlations between GLO1 activity and clinical markers of liver
damage, such as ALT and AST levels, as well as the severity of steatosis and fibrosis [17]. These
results suggest that GLO1 dysregulation may be an important driver of liver damage in NAFLD and
could serve as a biomarker for disease severity. The dysregulation of GLO1 observed in this study
opens new avenues for potential therapeutic interventions in NAFLD. Given GLO1's role in
detoxifying MG and preventing AGE formation, restoring GLOL1 activity could help mitigate
oxidative stress and inflammation in NAFLD. Pharmacological agents that enhance GLO1 expression
or activity may be particularly beneficial in slowing or reversing NAFLD progression.

CONCLUSION

This study highlights the critical role of glyoxalase 1 (GLO1) dysregulation in the pathogenesis of
non-alcoholic fatty liver disease (NAFLD). Through proteomic analysis and functional assays, we
demonstrated that GLO1 expression and enzymatic activity are significantly reduced in NAFLD
patients, contributing to the accumulation of toxic metabolites like methylglyoxal (MG) and advanced
glycation end-products (AGEs). This dysregulation is associated with increased oxidative stress,
inflammation, and liver damage, which accelerate disease progression from simple steatosis to more
severe stages such as non-alcoholic steatohepatitis (NASH) and fibrosis.
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