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ABSTRACT

Introduction: Type 2 diabetes mellitus (T2DM) is associated with increased risk and altered
immunity to infections, yet little is known about how COVID-19 vaccination affects key
signaling pathways in these patients. Extracellular signal-regulated kinase 5 (ERK-5) plays a
vital role in vascular health and inflammation.

Objectives: This study aims to assess ERK5 levels in type 2 diabetic patients following
COVID-19 vaccination, compared to non-diabetic controls.

Patients and Methods: This case-control study enrolled 90 male participants at Fallujah
hospital in Al-Anbar province, Iraq, during February to October 2024, stratified into
three groups; vaccinated T2DM patients, unvaccinated T2DM patients, and non-diabetic
unvaccinated individuals. After obtaining written informed consent, demographic data
(age) were collected through interviews. Blood samples from all participants were analyzed
for blood sugar, HbAlc, key serum electrolytes (phosphorus, sodium, potassium and
chloride), and ERK-5 biomarker levels. The primary outcome was the comparison of serum
ERK-5 concentrations across groups to assess the impact of diabetes status and COVID-19
vaccination on ERK-5 expression.

Results: This study included 90 males, with 30 in each of three treatment groups. The
comparative analysis indicated that unvaccinated T2DM patients showed significantly higher
ERK-5 levels compared to both non-diabetic unvaccinated individuals and vaccinated T2DM
groups. Vaccinated T2DM patients exhibited intermediate ERK-5 levels, significantly lower
than unvaccinated diabetic counterparts but higher than non-diabetic unvaccinated. These
findings indicated a pronounced elevation of ERK-5 in the context of T2DM, with COVID-19
vaccination status appearing to attenuate this increase.

Conclusion: Our study found a significant correlation between T2DM, COVID-19
vaccination, and ERK-5 expression, suggesting vaccination may modulate ERK-5 expression
in T2DM. These results introduce ERK-5 as a potential T2DM biomarker and found that
COVID-19 vaccination may influence ERK-5 signaling in diabetic patients.

Implication for health policy/practice/research/medical education:

In this case-control study, we found that elevated extracellular signal-regulated kinase 5 (ERK-5) levels were found in unvaccinated
type 2 diabetes mellitus (T2DM) patients compared to non-diabetic controls, with vaccination in T2DM individuals resulting
in decreased ERK-5 concentrations. This suggests that COVID-19 vaccination may help moderate ERK-5 pathway activity in

patients with type 2 diabetes.

Please cite this paper as: Abd Al-Hameed JM, Ali BH. Evaluation of ERK-5 expression in type 2 diabetic patients following
COVID-19 vaccination; a prospective case-control study. ] Renal Inj Prev. 2026; 15(3): €38656. doi: 10.34172/jrip.38656.

Introduction

Beyond its metabolic implications, T2DM is increasingly

Type 2 diabetes mellitus (T2DM) represents a complex
metabolic disorder characterized by defective insulin
secretion from pancreatic P-cells and impaired insulin
sensitivity in peripheral tissues, leading to chronic
hyperglycemia and associated complications (1).

recognized as an inflammatory disease, with low-grade
systemic inflaimmation serving as both a contributing
factor and consequence of the disease process (2,3). This
chronic inflammatory state is characterized by elevated
concentrations of circulating cytokines, including
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C-reactive protein, tumor necrosis factor (TNF)-a,
and various interleukins, which interfere with insulin
signaling pathways and perpetuate metabolic dysfunction
(2,4). The inflammatory trajectory of T2DM involves
multiple pathogenic mechanisms, including immune
cell activation, accumulation of senescent cells, and
alterations in adipose tissue, liver, pancreatic islets, and
vascular endothelium, creating a self-perpetuating cycle
of metabolic inflammation (5,6).

The immunocompromised status associated with diabetes
mellitus has raised significant concerns regarding the
effectiveness and safety of COVID-19 vaccination in
this vulnerable population (7). Multiple studies have
demonstrated that patients with T2DM exhibit impaired
antibody responses to COVID-19 vaccines compared to
healthy controls, with reduced immunogenicity observed
across various vaccine platforms, including mRNA, vector-
based, and inactivated vaccines (8-10). The diminished
vaccine effectiveness in diabetic patients ranges from 24%
to 96%, compared to 33% to 97% in the general population,
with breakthrough infections occurring more frequently
in vaccinated individuals with diabetes (9). Furthermore,
patients with T2DM demonstrate increased susceptibility
to severe adverse events following COVID-19 vaccination,
including thrombotic complications such as cerebral
venous sinus thrombosis, deep vein thrombosis, and
pulmonary embolism (11). The duration of antibody
protection is also compromised in diabetic patients, with
significantly decreased anti-receptor-binding domain
immunoglobulin G (IgG) titers and neutralizing antibody
responses observed beyond six months post-vaccination
(10).

Extracellular signal-regulated kinase 5 (ERK-5), a member
of the mitogen-activated protein kinase family, plays a
crucial role in cardiovascular development and endothelial
cell integrity, with emerging evidence suggesting its
involvement in diabetes-related inflammatory responses
(12-15). In diabetic conditions, ERK-5 expression
and activity are significantly altered, with glucose-
induced downregulation of ERK-5 contributing to
the pathogenesis of diabetic complications, including
retinopathy and angiopathy (13,14). The ERK-5 signaling
pathway demonstrates dual functionality in inflammatory
processes, exhibiting both pro-inflammatory and anti-
inflammatory properties depending on the cellular
context and stimulus. In diabetic endothelial cells,
reduced ERK-5 activity leads to increased expression of
inflammatory mediators such as vascular endothelial
growth factor (VEGF), endothelin-1, and fibronectin,
while simultaneously decreasing protective factors like
Kruppel-like factor 2 (KLF2) (12-14,16). Given the critical
role of ERK-5 in regulating inflammatory responses and
its documented alterations in diabetes, investigating the
ERK-5 expression following COVID-19 vaccination in
T2DM patients (17) may provide valuable insights into the
differential immune responses and potential mechanisms

underlying reduced vaccine efficacy in this population.

Objectives

The main objective of this study is to evaluate and compare
ERK-5 levels among adult males with T2DM who have
either received or not received COVID-19 vaccination,
as well as among healthy, non-diabetic, unvaccinated
controls. This investigation aims to assess the impact of
COVID-19 vaccination on the ERK-5 signaling pathway
in the context of T2DM.

Patients and Methods

Study design and participants

This prospective case-control study enrolled 90 male
participants attending Fallujah hospital in Al-Anbar
province, Irag, from Februaryto October 2024. Participants
were divided into three groups; the first group comprised
vaccinated against COVID-19 individuals with a history
of T2DM,; the second group included unvaccinated T2DM
patients; and the third group consisted of non-diabetic
and unvaccinated individuals.

Inclusion and exclusion criteria
Inclusion criteria
e Group I: adult males with confirmed T2DM +
completed 3-dose COVID-19 vaccination
e  Group 2: adult males with confirmed T2DM + no
COVID-19 vaccination
e Group 3: healthy males (no diabetes) + no
COVID-19 vaccination
Exclusion criteria
e Diabetes subtypes: type 1, gestational, or secondary
diabetes
e Comorbidities: severe cardiovascular, renal, or
hepatic diseases affecting vascular biomarkers
e Medications: use of high-dose corticosteroids or
drugs altering inflammatory/vascular pathways
e  Acute conditions: active infections or inflammation
at enrollment
e COVID-19 history: infection within 3 months
before study
e  Vaccination status; partial vaccination

Demographic data collection

Initially, all male participants provided written informed
consent. Demographic information, focusing primarily
on age, was gathered directly from each individual by
interview.

Laboratory data collection

To assess laboratory data, blood samples were collected
from every participant. These samples underwent
comprehensive laboratory analysis, which included
measurements of blood sugar, HbAlc (glycosylated
hemoglobin), and key serum electrolytes, including
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phosphorus,  sodium, potassium, and chloride.
Additionally, biomarker assessment was performed,
specifically targeting ERK-5 levels in the blood samples.

Outcomes

The primary outcomes of this study are the measured
serum ERK-5 levels in each participant group. Specifically,
the study will compare ERK-5 concentrations between
vaccinated T2DM patients, unvaccinated T2DM patients,
and non-diabetic, unvaccinated controls, to identify
significant differences that may reflect the influence of
both diabetes status and COVID-19 vaccination on ERK-
5 expression.

Data analysis

IBM SPSS (Statistical Package for Social Sciences) version
27 was used for the statistical analyses conducted in this
study. To assess data normality, the Kolmogorov-Smirnov
test was performed. The distribution of age and laboratory
data among the three groups was assessed by analysis of
variance (ANOVA). Differences in ERK-5 levels among
non-diabetic, unvaccinated individuals, fully vaccinated
T2DM patients, and unvaccinated T2DM patients were
assessed using one-way ANOVA. For post hoc analysis,
the least significant difference (LSD) post hoc test was
used to identify specific group differences. A P value of
less than 0.05 was deemed statistically significant.

Results

This study included 90 males, with 30 in each of three
treatment groups. The results indicated that the frequency
distribution of demographic characteristics and laboratory
data across the three treatment groups, including people
without vaccination, individuals with T2DM without
vaccination, and fully vaccinated T2DM patients, showed
different results. Significant differences were observed
in glycosylated hemoglobin and blood sugar levels, with
both variables demonstrating statistically significant
variation among the groups, which was expected due
to diabetes in some groups. In contrast, no statistically

COVID-19 vaccination in T2DM

significant differences were detected in age, chloride,
potassium, sodium, or phosphorus levels, indicating
comparable distributions of these parameters across the
cohorts (Table 1).

The comparative analysis of ERK-5 levels across
the three treatment groups, including non-diabetic
unvaccinated individuals, unvaccinated T2DM patients,
and fully vaccinated T2DM patients, revealed statistically
significant disparities in mean concentrations. Post hoc
analysis demonstrated that unvaccinated T2DM patients
exhibited markedly higher ERK-5 levels compared to both
non-diabetic unvaccinated individuals and vaccinated
T2DM cohorts, with all pairwise comparisons reaching
statistical significance. Vaccinated T2DM patients showed
intermediate ERK-5 levels, significantly lower than
unvaccinated diabetic counterparts but higher than non-
diabetic controls. These findings suggest a pronounced
elevation of ERK-5 in the context of T2DM, with
COVID-19 vaccination status appearing to attenuate this
increase (Table 2 and Figure 1).

Discussion

This study identified a statistically significant correlation
between T2DM, COVID-19 vaccination, and the
expression levels of ERK-5, proposing that vaccination
may modulate ERK-5 expression in individuals with
T2DM. The findings position ERK-5 as a potential
biomarker for diabetes progression, highlighting a
novel interaction wherein COVID-19 vaccination
could influence ERK-5-mediated signaling pathways
in diabetic patients. The observed elevation of ERK-
5 in unvaccinated individuals with T2DM aligns with
prior investigations demonstrating dysregulated ERK-
5 signaling in diabetic pathophysiology. For instance,
studies have reported increased ERK-5 expression in
endothelial cells under hyperglycemic conditions, where
its downregulation exacerbates vascular dysfunction by
promoting endothelin-1 (ET-1) and VEGF production
(13,17). Similarly, in the studies by Wu et al (14) and Zhao
et al (18), retinal tissues from diabetic rodents exhibited

Table 1. The frequency distribution of demographic characteristics and laboratory data among treatment groups

People without T2DM without Full-vaccinated T2DM
Variable vaccination (n=30) vaccination (n=30) (n=30) P value*
Mean (SD) Mean (SD) Mean (SD)
Age (year) 54.57 (11.95) 52.30 (10.84) 57.33 (9.01) 0.194
Glycosylated hemoglobin (%) 5.12 (0.31) 8.23 (2.20) 8.82 (1.56) <0.001
BS (mg/dL) 99.86 (8.86) 174.30 (79.43) 208.20 (62.67) <0.001
Chloride (mEq/L) 101.90 (17.40) 97.80 (17.40) 99.53 (13.89) 0.473
Potassium (mEq/L) 4.58 (0.87) 4.66 (0.68) 4.71 (0.65) 0.794
Sodium (mEq/L) 137.10 (15.15) 134.76 (12.14) 135.93 (11.60) 0.743
Phosphorus (mg/dL) 4.70 (1.25) 3.64 (0.59) 12.90 (5.10) 0.418

T2DM; Type-2 diabetes mellitus; HbAlc, Glycosylated hemoglobin; BS, Blood sugar; SD, standard deviation.

*ANOVA.
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Table 2. Comparative analysis of ERK-5 among the three treatment groups

Group Mean (SD) P value*
People without vaccination 0.96 (0.26)
T2DM without vaccination 3.16 (0.50) <0.001
Full-vaccinated T2DM 1.77 (0.54)
ERK-5 (ng/mL) Groups Mean difference P value**
T2DM without vaccination 2.19 <0.001
People without vaccination
Full-vaccinated T2DM 0.81 <0.001
T2DM without vaccination Full-vaccinated T2DM 1.39 <0.001

T2DM, Type-2 diabetes mellitus; ERK-5, Extracellular signal-regulated kinase 5; SD, Standard deviation.

*One-way ANOVA, **Post hoc LSD.

reduced ERK-5 activation alongside elevated VEGF and
fibronectin levels, suggesting a compensatory increase in
total ERK-5 protein to counterbalance impaired signaling
(14, 18). However, these findings contrast with reports
of glucose-induced ERK-5 suppression in microvascular
endothelial cells, where hyperglycemia diminished
phospho-ERK-5 levels and disrupted KLF2-mediated
vasoprotection (13). This discrepancy may stem from
differences in tissue-specific ERK-5 dynamics, as systemic
ERK-5 elevation in T2DM could reflect a maladaptive
response to chronic inflammation, whereas localized
reductions in activated ERK-5 contribute to microvascular
complications (14,17). The intermediate ERK-5 levels
in vaccinated T2DM patients mirror observations in
diabetic models treated with ERK-5 modulators, such as
mitogen-activated protein kinase 5 (MEKS5) inhibitors,
which attenuated pathological angiogenesis without fully
restoring baseline ERK-5 activity (18,19).

The attenuation of ERK-5 elevation in vaccinated T2DM
patients suggests COVID-19 vaccination may modulate
inflammatory or metabolic pathways influencing ERK-5
expression. ERK-5 is intricately linked to oxidative stress
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and cytokine signaling, with its transcriptional activity
regulated by nuclear factor erythroid 2-related factor 2
(NRF2) and peroxisome proliferator-activated receptors
(20,21). Vaccination-induced immune activation could
temper chronic inflammation in T2DM, thereby reducing
ERK-5 upregulation driven by pro-inflammatory
cytokines like interleukin-6 (IL-6) and TNF-a (22,23).
Notably, IL-6 overexpression in T2DM exacerbates insulin
resistance and adipose tissue inflammation, processes
modulated by ERK-5 interaction with nuclear factor of
activated T-cells 4 (24). The partial normalization of ERK-
5 levels post-vaccination may reflect improved glycemic
control or reduced oxidative stress, as ERK-5 activation
is sensitive to hyperglycemia-induced small ubiquitin-like
modifier (SUMO) and p90 ribosomal S6 kinase inhibition
(25,26). Furthermore, ERK-5s role in maintaining
endothelial integrity through KLF2 and endothelial nitric
oxide synthase regulation (12,21) implies that vaccination
might mitigate diabetes-associated vascular dysfunction
by restoring ERK-5 homeostasis. However, the persistence
of higher ERK-5 in vaccinated T2DM patients compared
to non-diabetic controls underscores residual metabolic

T2DM T2DM
Unvaccinated

Vaccinated

T2DM Vaccinated

Treatment Group

Figure 1. Comparison of ERK-5 between the three treatment groups. T2DM, Type-2 diabetes mellitus; ERK-5, Extracellular signal-regulated kinase 5.

4 Journal of Renal Injury Prevention, Volume 15, Issue 3, September 2026

https://journalrip.com


https://journalrip.com

dysregulation, potentially necessitating adjunct therapies
targeting ERK-5 signaling.

Overall, these findings underscore ERK-5 as a pivotal
mediator of diabetic vasculopathy, with its dysregulation
reflecting a dual role in compensatory signaling and
pathological inflammation. The intermediate ERK-5
levels in vaccinated T2DM patients suggest COVID-19
vaccination partially ameliorates diabetes-driven ERK-
5 elevation, possibly through immunomodulatory
effects on inflammatory pathways. This aligns with
evidence that ERK-5 inactivation reduces VEGF-
driven retinopathy and ET-1-mediated endothelial
dysfunction (14,17), highlighting its therapeutic potential.
However, the incomplete normalization of ERK-5 post-
vaccination warrants further investigation into long-term
metabolic outcomes and targeted interventions, such
as MEK5 inhibitors or ERK-5 activators, to optimize
vascular protection in T2DM (18,26). Future studies
should delineate whether ERK-5 modulation directly
enhances vaccine efficacy or mitigates diabetes-related
complications, particularly in the context of hybrid
immunity and emerging SARS-CoV-2 variants.

Conclusion

The findings from this study demonstrated a significant
association between T2DM, COVID-19 vaccination
status, and ERK-5 expression. The elevated ERK-5 levels
observed in unvaccinated T2DM patients, which exceeded
both non-diabetic controls and vaccinated diabetic
cohorts, indicate a potential dysregulation of ERK-5
signaling pathways in uncontrolled metabolic disease.
The intermediate ERK-5 concentrations in vaccinated
T2DM patients, coupled with the statistically significant
reduction compared to wunvaccinated counterparts,
suggest that COVID-19 vaccination may modulate
ERK-5 expression, possibly through indirect immune or
inflammatory mechanisms. These results highlight ERK-
5 as a biomarker of interest in T2DM pathophysiology
and imply that vaccination status could influence cellular
signaling pathways in diabetic populations, warranting
further investigation into the mechanistic links between
metabolic health, immune interventions, and kinase
regulation.

Limitations of the study

This study was conducted on a limited number of the
patients and was a single-center study. We suggest larger
multi-center investigations on these aspects of diabetic
patients.

Acknowledgments

We would like to express our sincere gratitude to all
participants who voluntarily took part in this study at
Fallujah hospital, Al-Anbar province, Iraq. We also extend
our appreciation to the medical and administrative staff
of Fallujah Hospital for their support and cooperation

COVID-19 vaccination in T2DM

throughout the study period. Special thanks to the
laboratory technicians who meticulously processed and
analyzed the samples. We acknowledge the research team
members who contributed to participant recruitment,
data collection, and management.

Authors’ contribution
Conceptualization: All authors.

Data curation: Jassim M. Abd Al-Hameed.
Formal analysis: Bushra H Ali.
Investigation: Jassim M. Abd Al-Hameed.
Methodology: Bushra H Ali.

Project Management: Jassim M. Abd Al-Hameed.
Resources: All authors.

Supervision: Bushra H Ali.

Validation: Bushra H Ali.
Writing-original draft: All authors.
Writing-review and editing: All authors.

Ethical issues

The study was conducted under the guidelines of
Declaration of Helsinki. Informed written consent
was obtained from all participants. This study resulted
from research by the Department of Chemistry, which
is a part of a larger research project with ethical code
9224 registered on December 28, 2023, approved by the
Ethics Committee of the College of Education for Pure
Science (Ibn-Al-Haitham), University of Baghdad, Iraq.
Some of this data has been published before, and this
study presents separate data. Besides, the authors have
thoroughly addressed ethical issues (including plagiarism,
data fabrication, and double publication).

Declaration of generative artificial intelligence (AI) and
Al-assisted technologies in the writing process

While preparing this work, the authors utilized Al
(Perplexity.ai and Grammarly.com) to refine grammar
points and language style in writing. Subsequently, the
authors thoroughly reviewed and edited the content as
necessary, assuming full responsibility for the publication’s
content.

Conlflicts of interest
The authors declare no conflict of interest.

Funding/Support

This study was conducted at Fallujah hospital, Al-Anbar
province, Iraq, and supported by the Ethics Committee
of the College of Education for Pure Science (Ibn-Al-
Haitham), University of Baghdad, Iraq (Grant #9224 ).

References

1.  Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal
A, Siddiqi H, Uribe KB, et al. Pathophysiology of Type 2
Diabetes Mellitus. Int ] Mol Sci. 2020;21:6275. doi: 10.3390/
ijms21176275.

https://journalrip.com

Journal of Renal Injury Prevention, Volume 15, Issue 3, September 2026 5


https://journalrip.com
https://www.perplexity.ai/
https://www.grammarly.com/

Abd Al-Hameed JM et al

2.

10.

11.

12.

13.

14.

Calle MC, Fernandez ML. Inflammation and type 2
diabetes. Diabetes Metab. 2012;38:183-91. doi: 10.1016/j.
diabet.2011.11.006.

Donath MY, Shoelson SE. Type 2 diabetes as an
inflammatory disease. Nat Rev Immunol. 2011;11:98-107.
doi:  10.1038/nri2925.

Esser N, Legrand-Poels S, Piette ], Scheen AJ, Paquot
N. Inflammation as a link between obesity, metabolic
syndrome and type 2 diabetes. Diabetes Res Clin Pract.
2014;105:141-50.  doi:  10.1016/j.diabres.2014.04.006.
Wang Y, Wang ], Tao SY, Liang Z, Xie R, Liu NN, et al.
Mitochondrial damage-associated molecular patterns: A
new insight into metabolic inflammation in type 2 diabetes
mellitus. Diabetes Metab Res Rev. 2024;40:¢3733. doi:
10.1002/dmrr.3733.

Pellegrini V, La Grotta R, Carreras F, Giuliani A,
Sabbatinelli J, Olivieri E et al. Inflammatory Trajectory of
Type 2 Diabetes: Novel Opportunities for Early and Late
Treatment. Cells. 2024;13:1662. doi: 10.3390/cells13191662.
He YF, Ouyang ], Hu XD, Wu N, Jiang ZG, Bian N, et
al. Correlation between COVID-19 vaccination and
diabetes mellitus: A systematic review. World J Diabetes.
2023;14:892-918.  doi: 10.4239/Wjd.v14.i6.892.

Zhou X, Lu H, Sang M, Qiu S, Yuan Y, Wu T, et al
Impaired antibody response to inactivated COVID-19
vaccines in hospitalized patients with type 2 diabetes.
Hum Vaccin Immunother. 2023;19:2184754. doi:
10.1080/21645515.2023.2184754.

van den Berg JM, Remmelzwaal S, Blom MT, van Hoek
BACE, Swart KMA, Overbeek JA, et al. Effectiveness of
COVID-19 Vaccines in Adults with Diabetes Mellitus:
A Systematic Review. Vaccines (Basel). 2022;11:24. doi:
10.3390/vaccines11010024.

Li H, Wang Y, Li X, Wang S, Feng X, Xiao X, et al. Antibody
response to inactivated COVID-19 vaccine in patients with
type 2 diabetes mellitus after the booster immunization. J
Diabetes. 2023;15:931-943. doi: 10.1111/1753-0407.13448.
Kim HJ, Lee SJ, Sa S, Bae JH, Song G, Lee CW, et al. Safety of
COVID-19 Vaccines among Patients with Type 2 Diabetes
Mellitus: Real-World Data Analysis. Diabetes Metab J.
2023;47:356-365. doi: 10.4093/dmj.2022.0129.

Wu Y, Feng B, Chen S, Chakrabarti S. ERK5 Regulates
glucose-induced increased fibronectin production in
the endothelial cells and in the retina in diabetes. Invest
Ophthalmol Vis Sci. 2012;53:8405-13. doi: 10.1167/iovs.12-
10553.

Wu Y, Feng B, Chen S, Zuo Y, Chakrabarti S. Glucose-
induced endothelin-1 expression is regulated by ERK5
in the endothelial cells and retina of diabetic rats. Can J
Physiol Pharmacol. 2010;88:607-15. doi: 10.1139/Y10-033.
Wu Y, Zuo Y, Chakrabarti R, Feng B, Chen S, Chakrabarti

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

S. ERK5 Contributes to VEGF Alteration in Diabetic
Retinopathy. ] Ophthalmol. 2010;2010:465824. doi:
10.1155/2010/465824.

Taher HR, Saifalla PH. Study of the level of signal-regulated
kinase 5 (ERK5) in patients with coronary heart disease
with and without diabetes mellitus type 2. ] Med Pharm
Chem Res. 2023;5:425-40.

Al Ameri MA, Al Rubaei ZM. Vascular endothelial growth
factor-A (VEGF-A) and its receptor (VEGFR-2) in
rheumatoid arthritis patients with type 2 diabetes mellitus.
] Med Pharm Chem Res. 2022;1:1201-8.

Wu Y, Chakrabarti S. ERK5 Mediated Signalling in Diabetic
Retinopathy. Med Hypothesis Discov Innov Ophthalmol.
2015;4:17-26.

Zhao Q, Wang L, Sun Y, Wang XX. Molecular regulation of
ERKS5 in development of diabetic retinopathy. Oncotarget.
2017;9:1229-1236. doi: 10.18632/oncotarget.23392.

Abe JI, Imanishi M, Li S, Zhang A, Ko KA, Samanthapudi
VSK, et al. An ERK5-NRF2 Axis Mediates Senescence-
Associated Stemness and Atherosclerosis. Circ Res.
2023;133:25-44. doi: 10.1161/CIRCRESAHA.122.322017.
Tusa I, Menconi A, Tubita A, Rovida E. Pathophysiological
Impact of the MEK5/ERKS5 Pathway in Oxidative Stress.
Cells. 2023;12:1154. doi: 10.3390/cells12081154.

Le NT. The significance of ERK5 catalytic-independent
functions in disease pathways. Front Cell Dev Biol.
2023;11:1235217.  doi:  10.3389/fcell.2023.1235217.
Habib SP, Rajaa TH. Study of the level of signal-regulated
kinase 5 (ERK5) in patients with coronary heart disease
with and without diabetes mellitus type 2. Eurasian Chem
Commun. 2023;5:425-40.

Cusato J, Manca A, Palermiti A, Mula ], Costanzo M,
Antonucci M, et al. COVID-19: A Possible Contribution
of the MAPK Pathway. Biomedicines. 2023;11:1459. doi:
10.3390/biomedicines11051459.

Zhu H, Guariglia S, Li W, Brancho D, Wang ZV, Scherer
PE, et al. Role of extracellular signal-regulated kinase 5 in
adipocyte signaling. J Biol Chem. 2014;289:6311-22. doi:
10.1074/jbc.M113.506584.

Shishido T, Woo CH, Ding B, McClain C, Molina CA,
Yan C, et al. Effects of MEK5/ERK5 association on small
ubiquitin-related modification of ERK5: implications
for diabetic ventricular dysfunction after myocardial
infarction. Circ Res. 2008;102:1416-25. doi: 10.1161/
CIRCRESAHA.107.168138.

Le NT, Heo KS, Takei Y, Lee H, Woo CH, Chang E, et al.
A crucial role for p90RSK-mediated reduction of ERK5
transcriptional activity in endothelial dysfunction and
atherosclerosis. Circulation. 2013;127:486-99. doi: 10.1161/
CIRCULATIONAHA.112.116988.

Copyright © 2026 The Author(s); Published by Nickan Research Institute. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Renal Injury Prevention, Volume 15, Issue 3, September 2026

https://journalrip.com


https://journalrip.com

