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MODY Case Presentation:A Saudi Arabian woman of 50 years old with a

strong family history of diabetes was discovered to have a new
mutation in the APPL1 gene related with MODY 14. Prior to age 30,
the patient had a history of elevated blood sugar, but had never used
diabetes medication. Gliclazide and metformin were prescribed to the
patient, resulting in a decrease in HbAlc levels.

Conclusion:This case study illustrates the significance of genetic
testing in finding novel mutations that may contribute to the
development of diabetes and in adapting treatment to the specific needs
of individual patients. Detection and treatment of MODY at an early
stage helps reduce complications associated with poorly managed
diabetes. To completely comprehend the functional repercussions of the
APPL1 gene mutation and its impact on the patient's long-term health,
additional research is required.

Copy Right, 1JAR, 2023,. All rights reserved.

Introduction:-

Diabetes is a chronic metabolic condition defined by hyperglycemia caused by abnormalities in insulin secretion,
insulin action, or both [*]. The global prevalence of diabetes is projected to increase to 700 million by 2045, from an
estimated 463 million individuals with diabetes in 2019 [?]. In Saudi Arabia, diabetes is also prevalent, affecting an
estimated 17.7 percent of the adult population [].

Maturity-onset diabetes of the young (MODY) is a rare form of diabetes inherited in an autosomal dominant manner
and caused by mutations in genes that affect pancreatic beta-cell activity [*]. There are currently 14 subtypes of
MODY, each caused by mutations in a different gene [°]. The 23 exons of the APPL1 gene (adaptor protein,
phosphotyrosine-interacting with the PH domain and leucine zipper 1) are located in the 3p14.3 region of the
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chromosome. APPL1 is a multifunctional adaptor protein that consists of 710 amino acid residues (aa) and is
distinguished by five key functional domains: an NH2-terminal Bin/Amphiphysin/Rvs domain (BAR domain; aa
17-268, identified as a leucine zipper), a central pleckstrin homology domain (PH domain; aa 278-374), a motif
between PH and PTB domains (BPP Each domain of APPL1 can bind to lipids with its own specific binding affinity

[l

As an adaptor in the adiponectin signaling pathway, APPL1 also plays an important role in the regulation of insulin
metabolism and insulin resistance. Adiponectin, a hormone released by white adipose tissue, has anti-inflammatory
and anti-diabetic properties, increases insulin sensitivity, affects sexual and general maturation, pregnancy, and
lactation ["®]. Obesity and metabolic syndrome are linked to a decrease in adiponectin levels. There is a direct
interaction between the PTB domain of APPL1 and the intracellular N-terminus of the adiponectin receptors
AdipoR1 and AdipoR2. APPL1 mediates fatty acid oxidation and glucose metabolism in adiponectin signaling by
activating AMPK (AMP-activated protein kinase) and p38 MAPK (P38 mitogen-activated protein kinases)[®].
APPL1 protein isoforms APPL2 [] and APPL1sv (which is encoded by a murine splice variant of Appl mRNA [*°])
operate as negative regulators of adiponectin signaling, according to reports. In Appll-deficient animals, adipocyte
differentiation is inhibited, and lipolysis is increased in adult adipocytes, whereas APPL1 overexpression has no
discernible effect on these processes [*']. APPL1 mediates AMPK phosphorylation in response to adiponectin [*%].
Through an interaction with HDAC3 (Histone deacetylase 3), it affects the thermogenesis of brown adipocytes; this
phenomenon has promising implications for the treatment of obesity [*].

In this case report, we describe a patient with a strong diabetic family history who was found to have a new mutation
in the APPL1 gene, which is related to MODY 14. The detection of this mutation has enabled tailored treatment and
control of the patient's diabetes, underscoring the significance of genetic testing for patients with a family history of
the disease. The ramifications of this mutation and its potential impact on the patient's long-term health results
require additional study.

Case presentation:

We presented a case of a 50-year-old Saudi Arabian woman with a three-generation family history of diabetes. Prior
to the age of 30, the patient had a history of hyperglycemia, but no history of diabetic ketoacidosis (DKA). Prior to
her recent diagnosis with diabetes mellitus (DM), she had not taken any medications.

Laboratory and genetic testing:

We collected DNA from peripheral venous blood, then sequenced and compared the exons of MODY [1-13]-related
genes (HNF4, GCK, HNF1, PDX1, HNF1, NEUROD1, KLF11, CEL, PAX4, INS, BLK, ABCC8, KCNJ11) with
reference sequences. All procedures in this study were conducted in accordance with the ethical standards of the
institutional and/or national research committee(s) and the Helsinki Declaration (as revised in 2013). The patient
provided written informed consent for the publication of this case report and its associated photographs. This
journal's editorial office has access to a copy of the written consent for review.The patient was revealed to have a
mutation in the APPL1 gene (MODY 14), which is related with the phenotype of young-onset maturity-onset
diabetes (MODY). In the gnomADdatabasto particular variant discovered in this patient was ¢.200>G p.
(Glubgly)chr3:57271566, with heterozygosity and a minor allele frequency (MAF) of 0.07 percent. This variant's
classification was of questionable relevance.

Treatment and outcome:

The patient was administered Gliclazide 30 mg and metformin 500 mg TID, resulting in a positive response. Her
baseline HbAlc score was 15.8 percent, but after treatment it decreased to 8.1 percent. Due to her genetic
susceptibility to diabetes, the patient still requires close monitoring and management of her blood glucose levels.

Discussion and Conclusion:-

The prevalence of diabetes mellitus is increasing all over the world, and this trend can also be observed in Saudi
Avrabia [**]. This highlights a major public health concern. The estimated prevalence of diabetes in Saudi Arabia in
2013 was 23.9 percent, according to a study that was published in the Journal of Diabetes and its Complications [*°].
The study also found that the incidence of diabetes was higher in urban areas and among older age groups [*°]. The
high prevalence of diabetes in Saudi Arabia can be ascribed to a number of different causes, including urbanization,
leading a sedentary lifestyle, and having a genetic predisposition to developing the disease [*°].
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The discovery of a new mutation in the APPL1 gene in a Saudi Arabian patient diagnosed with MODY 14
underscores the need of conducting genetic testing on patients who have a history of diabetes in their families.
Because of its role in the maintenance of glucose homeostasis and sensitivity to insulin, the APPL1 gene has been
identified as a possible therapeutic target for diabetes [’]. The exact mutation that was found in this patient,
€.200>G p. (Glubgly)chr3:57271566, has not been described in the scientific literature before and is classified as
having unknown significance. However, because it is found in the region of the gene that codes for proteins, it is
highly likely to have an effect on the function of the gene.

Maturity-onset diabetes of the young (MODY) is an uncommon form of diabetes that typically manifests itself in
people under the age of 25 [*]. It is caused by mutations in genes that govern the function of pancreatic beta-cells
and is classified as type 1 diabetes. The detection of particular gene mutations in MODY patients can be of
assistance in both the diagnosis and the development of a personalized treatment plan for the disease. The patient in
this case report was determined to have a mutation in the APPL1 gene, which is a mutation that has not been

documented anywhere else in medical Saudi literature before however, few cases were reported internationally
[19’20].

There is evidence that the APPL1 gene has a role in the control of insulin sensitivity as well as glucose homeostasis
[]. The exact mutation that was found in this patient, ¢.200>G p. (Glu6gly)chr3:57271566, is located in the region
of the gene that codes for protein, therefore it is highly likely that this change will have an effect on the gene's
function. The patient's response to treatment with gliclazide and metformin demonstrates how important it is for
patients diagnosed with MODY to receive medication that is individualized to their specific needs. Despite the fact
that diabetes cannot be cured, early detection and individualized treatment can assist to prevent or delay the onset of
complications and improve long-term outcomes [?]. The patient's reaction to treatment with gliclazide and
metformin is further evidence that tailored treatment may offer patients with MODY potential benefits.

In conclusion, the finding of a unique APPL1 gene mutation in this Saudi Arabian patient with MODY 14
emphasizes the significance of genetic testing and individualized treatment for diabetic patients who come from
families with a history of the disease. It is necessary to do additional study in order to acquire a comprehensive
understanding of the functional ramifications of this mutation as well as the potential influence it may have on the
patient's long-term health outcomes. With continued advances in genetic testing and precision medicine, it is hoped
that more effective and personalized treatments can be developed for patients with diabetes and other complex
genetic disorders.

References:-

1. Association AD. Diagnosis and Classification of Diabetes Mellitus. Diabetes Care.
2009;32(Supplement_1):S62-S67. doi:10.2337/dc09-S062

2. Saeedi P, Petersohn I, Salpea P, et al. Global and regional diabetes prevalence estimates for 2019 and

projections for 2030 and 2045: Results from the International Diabetes Federation Diabetes Atlas, 9th edition.
Diabetes Res ClinPract. 2019;157:107843. doi:10.1016/j.diabres.2019.107843

3. Al-Rubeaan K, Al-Manaa HA, Khoja TA, et al. Epidemiology of abnormal glucose metabolism in a
country facing its epidemic: <scp>SAUDI-DM</scp> study. J Diabetes. 2015;7(5):622-632. d0i:10.1111/1753-
0407.12224

4. Antal Z. Maturity-Onset Diabetes of the Young (MODY): Genetic Causes, Clinical Characteristics,
Considerations for Testing, and Treatment Options. Endocrines. 2021;2(4):485-501.
doi:10.3390/endocrines2040043

5. Urakami T. Maturity-onset diabetes of the young (MODY): current perspectives on diagnosis and
treatment. Diabetes, MetabSyndrObes Targets Ther. 2019;Volume 12:1047-1056. doi:10.2147/DMSQ.S179793

6. Liu Z, Xiao T, Peng X, Li G, Hu F. APPLs: More than just adiponectin receptor binding proteins. Cell
Signal. 2017;32:76-84. doi:10.1016/j.cellsig.2017.01.018

7. Combs TP, Marliss EB. Adiponectin signaling in the liver. Rev EndocrMetabDisord. 2014;15(2):137-147.
doi:10.1007/s11154-013-9280-6

8. Dehghan R, Saidijam M, Mehdizade M, Shabab N, Yavangi M, Artimani T. Evidence for decreased

expression of APPL1 associated with reduced insulin and adiponectin receptors expression in PCOS patients. J
Endocrinol Invest. 2016;39(9):1075-1082. doi:10.1007/s40618-016-0468-y

896



ISSN: 2320-5407 Int. J. Adv. Res. 11(05), 894-897

9. Schmid PM, Resch M, Schach C, et al. Antidiabetic treatment restores adiponectin serum levels and
APPL1 expression, but does not improve adiponectin-induced vasodilation and endothelial dysfunction in Zucker
diabetic fatty rats. CardiovascDiabetol. 2013;12(1):46. doi:10.1186/1475-2840-12-46

10. Galan-Davila AK, Ryu J, Dong K, et al. Alternative splicing variant of the scaffold protein APPL1
suppresses  hepatic  adiponectin  signaling and function. J Biol Chem. 2018;293(16):6064-6074.
d0i:10.1074/jbc.RA118.002162

11. Wen Z, Tang Z, Li M, et al. APPL1 knockdown blocks adipogenic differentiation and promotes adipocyte
lipolysis. Mol Cell Endocrinol. 2020;506:110755. doi:10.1016/j.mce.2020.110755

12. Pandey GK, Vadivel S, Raghavan S, Mohan V, Balasubramanyam M, Gokulakrishnan K. High molecular
weight adiponectin reduces glucolipotoxicity-induced inflammation and improves lipid metabolism and insulin
sensitivity via APPL1-AMPK-GLUT4 regulation in 3T3-L1 adipocytes. Atherosclerosis. 2019;288:67-75.
doi:10.1016/j.atherosclerosis.2019.07.011

13. Fan L, Ye H, Wan Y, et al. Adaptor protein APPL1 coordinates HDAC3 to modulate brown adipose tissue
thermogenesis in mice. Metabolism. 2019;100:153955. doi:10.1016/j.metabol.2019.153955

14. Al-Quwaidhi AJ, Pearce MS, Sobngwi E, Critchley JA, O’Flaherty M. Comparison of type 2 diabetes
prevalence estimates in Saudi Arabia from a validated Markov model against the International Diabetes Federation
and other modelling studies. Diabetes Res ClinPract. 2014;103(3):496-503. doi:10.1016/j.diabres.2013.12.036

15. Abdulaziz Al Dawish M, Alwin Robert A, Braham R, et al. Diabetes Mellitus in Saudi Arabia: A Review
of the Recent Literature. Curr Diabetes Rev. 2016;12(4):359-368. doi:10.2174/1573399811666150724095130

16. El-Kebbi IM, Bidikian NH, Hneiny L, Nasrallah MP. Epidemiology of type 2 diabetes in the Middle East
and North Africa: Challenges and call for action. World J Diabetes. 2021;12(9):1401-1425.
d0i:10.4239/wjd.v12.i9.1401

17. Cheng KKY, Lam KSL, Wu D, et al. APPL1 potentiates insulin secretion in pancreatic f cells by
enhancing protein kinase Akt-dependent expression of SNARE proteins in mice. Proc Natl Acad Sci.
2012;109(23):8919-8924. doi:10.1073/pnas.1202435109

18. Gardner D, Tai ES. Clinical features and treatment of maturity onset diabetes of the young (MODY).
Diabetes, MetabSyndrObes Targets Ther. Published online May 2012:101. doi:10.2147/DMS0.S23353

19. Ivanoshchuk DE, Shakhtshneider E V., Rymar OD, et al. Analysis of APPL1 Gene Polymorphisms in
Patients with a Phenotype of Maturity Onset Diabetes of the Young. J Pers Med. 2020;10(3):100.
doi:10.3390/jpm10030100

20. Prudente S, Jungtrakoon P, Marucci A, et al. Loss-of-Function Mutations in APPL1 in Familial Diabetes
Mellitus. Am J Hum Genet. 2015;97(1):177-185. doi:10.1016/j.ajhg.2015.05.011

21. Deepa SS, Dong LQ. APPL1: role in adiponectin signaling and beyond. Am J PhysiolMetab.
2009;296(1):E22-E36. doi:10.1152/ajpendo0.90731.2008

22. Thanabalasingham G, Owen KR. Diagnosis and management of maturity onset diabetes of the young
(MODY). BMJ. 2011;343(oct19 3):d6044-d6044. doi:10.1136/bmj.d6044.

897



