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 Protein O-GlcNAcylation plays a major role in the development of type 2 

diabetes and its complications. The objective of our current study is to 

analyze the differences in gene expression of enzymes involved in the 

hexosamine biosynthetic pathway (HBP) by the method of non-invasive 

assessment. We evaluated the changes of genes expression of HBP 

enzymes among type 2 diabetics and non-diabetics cheek swab samples. 

Patients from a free dental clinic consented to take part in the study. The 

desired variables were obtained from the patients i.e., demographic details, 

medical and past family history. We collected buccal epithelial cells that 

were processed and frozen. For assessment of expression of genes, we used 

real-time PCR and enzyme primers. The relative amount of gene expression 

was determined by Peri Primer software and normalized to beta actin 

mRNA. The comparison t-test was applied to assess the means of two 

groups, which analyzed the differences in the gene expression among the 

non-diabetic and diabetic patients. Out of total 82 patients, majority of 

patients had no any prior history of diabetes while 15 were diabetic. The 

results showed changes in genetic expression of O-GlcNAc transferase 

(p&lt;0.05). A significant difference were observed in gene expression 

between two groups i.e. diabetic and non-diabetic with lower power due to 

small number of diabetic groups. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Diabetes mellitus affects 37.3 million people or 11.3% in the US, in which 8.5 million people are 

undiagnosed. Every year 1.4 million US population had affected with this disease (ADA, 2019). Type 2 

diabetes (T2DM) is the most common form of diabetes with more percentage i.e. 85 and usually present 

above 45 years of age [1]. Genes play a significant role in the susceptibility of T2DM. Certain genes may 

increase the person’s risk for developing T2DM. The study examined genes in the hexosamine biosynthetic 

pathway (HBP), which play an important role in insulin resistance and diabetes. Under normal conditions, 

the HBP pathway consumes 2-5% of glucose [2]; however, when an abundant amount of glucose is present, 
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such as in patients who have diabetes, a higher amount of activity is found through the HBP [3]. The end 

product of the HBP is UDP-N-acetyl glucosamine (UDP-GLcNAc), which is a substrate in the glycoprotein 

synthesis. The accumulation of UDP-GlcNAc indicates the amount of glucose flux through the pathway [4]. 

O-GlcNAcylation is a post-translational protein modifier at the end of HBP where UDP-GlcNAc is attached 

to serine and threonine residues by O-GlcNAc transferase (OGT). O-GlcNAcase (OGA) catalyzes the 

removal of the O-GlcNAc residue from glycoproteins [5]. Elevated levels of extracellular glucose leads to an 

increase substrate pool for OGT, which results in increased intracellular O-GlcNAc protein modification and 

can disrupt normal insulin signaling [6] and cellular function [7]. Therefore, the energy and nutrient 

availabilities are elevated than ultimately O-GlcNAc- modified cellular also increase [8]. Secondly, by OGT-

dependent O-GlcNAcylation, the activity of various subunit of Insulin such as IRS1, IRS2 was inhibited [9- 

13]. Thirdly, proteins are also stabilized by master regulators such as FOXO1 and PGC-1α that helps in 

metabolism of lipid and gluconeogenesis [14]. In the last the modification of each other’s functions takes 

place with the help of AMP- activated protein kinase (AMPK) [15]. Gene expression for these enzymes may 

change during the development of diabetes. A preliminary study was done to compare mRNA levels of 

enzymes involved in the HBP in diabetic mice and non-diabetic mice using swab buccal cheek cells. The 

results showed a significant increase in the levels of mRNA coding for the enzymes OGA and OGT in diabetic 

mice compared to non-diabetic. We proceeded to examined if these findings were also present in the diabetic 

human population compared to none diabetics. We hypothesized that we would observe similar changes in 

levels of gene expression between diabetic and non-diabetic patients. The relative expressions of these 

enzymes are potential biomarkers in the detection and diagnosis of diabetes. 

 

2. Methods 

 

2.1 Study Enrollment 

A total of 82 patients were enrolled in the study and 32 patients refused to participate so the refusing 

percentage was 39%. Among the participants, 15 were diabetic and 67 were not diabetic. The patients were 

recruited from the UCSD Student Free Clinic, Dental Clinic in San Diego. Consent forms and surveys were 

offered in both English and Spanish. During recruitment, patients were interviewed and asked if they wanted 

to participate in the research. Patients were told their rights and were asked to sign a consent form that allowed 

them to participate. A translator was available for patients who felt more comfortable speaking Spanish and 

wanted to participate in the study. After consenting, the patients filled out a survey that consisted of 

demographics as well as health related questions. The demographic questions included the patients’ age, 

weight, height, sex, and ethnicity. The health questions asked whether the patients have been diagnosed with 

type 2 diabetes, hyperlipidemia, high blood pressure, heart disease, and/or HIV and if the patient has a family 

history of type 2 diabetes. 

 

2.2 Sample transportation and viability 

Cheek swabs were performed for ten seconds on each side of the oral cavity. Swabs were placed into cryovials 

containing 1mL of phosphate buffered saline (PBS). Cells were pelleted by centrifugation. Supernatant was 

removed and 100 µL of TRIzol was added. Cells were then quickly frozen in dry ice transported back to 

UCSD in a secure container and stored at -80ºC until further analysis. 

 

2.3 Relative Expression Assay 

O-GlcNAcase (OGA), N-acetyl glucosamine transferase (OGT), Glucosamine-Fructose-6-Phosphate 

Aminotransferase 1 (GFAT1/2) expressions were measured using real-time polymerase chain reaction (qRT-

PCR). β-actin was used as a control and all abundances were normalized to β-actin abundance using CT 

method. 

https://www.teikyomedicaljournal.com/
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2.4 Statistical Analysis 

Statistical analysis was performed using two-group mean comparison t-test on STATA 12.0 software. 

Expression of O-GlcNAcase (OGA), N-acetyl glucosamine transferase (OGT), and Glucosamine-Fructose-

6-Phosphate Aminotransferase 1 and 2(GFAT1/2) was compared between diabetics and non-diabetics using 

the student’s t-test. A p-value of p < 0.05 was considered statistically significant. A similar subgroup analysis 

was performed for patients with family history of type 2 diabetes. 

 

3. Results 

 

3.1 Study Population Demographics 

The average age of the patients who participated in the study was 47 years old. The average body mass index 

was 26.3 for non-diabetics and 27.9 for diabetics (not significant) and there were almost an equal number of 

female and male participants (Table 1).  Approximately 36% of the recruited participants were Hispanic i.e. 

maximum, 35% White, 3% Black, 1% Asian, 1% Native American and 6% other. 

 

Table 1. Demographics including sex, ethnicity and average BMI. 

Demographics of total study population (N=82) 

Sex Male 40 

  Female 42 

Average Age (years) Diabetic 46.5  

 Non-Diabetic 47.5 

Average Body Mass Index (BMI) Diabetic 26.3 

 Non-Diabetic 27.9 

Ethnicity White 35 

  Black 3 

  Hispanic 36 

  Asian or Pacific Islander 1 

  Native American 1 

  Other 6 
 

The comorbid disease states for the study participants were as follows: 28 patients (34%) had a family history 

of type 2 diabetes, 13 patients (16%) had hyperlipidemia, 12 patients (15%) had hypertension, 3 patients (4%) 

had heart disease, and 18 patients (22%) had high cholesterol (Table 2).  

 

Table 2. Relevant comorbidities of the patient population. 

Relevant Comorbidities in total study population  

Diabetic Status Diabetic 15 

 Non-Diabetic 67 

Other Disease States  

History of DM2 Yes 28 

  No 54 

Hyperlipidemia Yes 13 

  No 69 

Hypertension Yes 12 

  No 70 
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Heart Disease Yes 3 

  No 79 

High Cholesterol Yes 18 

  No 64 

HIV No 82 

 Yes 0 
 

3.2 Gene Expression between diabetic and non-diabetic subjects 

Mean relative expressions for the diabetic and nondiabetic subpopulation were analyzed. Relative fold change 

in gene expression between nondiabetics and diabetics was 1.654, 0.629, and 1.753 for OGT, OGA and 

GFAT1 respectively. Gene expression of OGT and GFAT1 was found to be significantly elevated in diabetics 

when compared to nondiabetics (Table 3). 

 

Table 3: Gene expression difference between participants who are diabetic versus participants who are not 

diabetic 

Gene 

Expression 
Non Diabetic  Diabetic  p-value 

OGT 0.0131 0.0217* 0.0371 

OGA 0.0083 0.0052 0.1150 

GFAT1 0.0293 0.0514* 0.0362 

 

 
Figure: 01: Gene expression of OGT, OGA and GFAT1 in Diabetic and Non-Diabetic Subjects 

 

3.3 Gene Expression in the total study population with a family history of type 2 diabetes 

Subpopulation analysis in patients with a family history of type 2 diabetes revealed a significantly elevated 

expression of GFAT1 in diabetic subjects when compared to nondiabetic subjects. 

 

Table 4:  Gene expression difference between diabetic and nondiabetic participants who have a family 

history of type 2 diabetes 

  Family History of DM2 

Gene 

Expression 

Non Diabetic 

Mean 
Diabetic Mean p-value 

OGT 0.0136 0.0229 0.1465 

OGA 0.0055 0.0057 0.8745 

GFAT1 0.0217 0.0452* 0.0314 
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4. Discussion 

Results from buccal samples show a significant difference in gene expressions of OGT and GFAT1 when 

comparing diabetics to non-diabetics. Results were also stratified to determine if a difference in gene 

expression of HBP enzymes exists between patients with a family history of type 2 diabetes and those without. 

Our analysis suggests that there is no significant difference in HBP gene expression between the two groups. 

Currently, the power of our analysis testing is sub-optimal with a power of 0.4075. In order to reach an optimal 

power of 90%, the test must expand to a sample size of 146 patients and a larger diabetic population. 

Nevertheless, even with sub-optimal power and sample size, the data showed a significant difference in the 

gene expression of OGT and GFAT1. However, further studies must be performed to understand how these 

genes play an important role in the development and progression of diabetes in humans. Also, future 

measurements of fasting blood glucose, hemoglobin A1C, and oral glucose tolerance will help correlate 

current diabetic diagnostic methods to the HBP enzyme levels. This will serve to account for the variability 

associated with glycemic control among patients. In addition, patient exercise and diet information should 

also be collected during the survey phase to account for modifiable factors that influence glycemic control. 

Although there are several limitations to this study, a great strength of this study is the novel non-invasive 

method to assess and detect diabetic status. 

 

5. Conclusion 

To our knowledge, there are no reports in the literature looking at the differences in the expression of genes 

involved in the HBP between type 2 diabetics and non-diabetic populations using buccal samples. The study 

did find significant difference in gene expressions of OGT and GFAT1 when comparing a diabetic to a non-

diabetic population. Gene expression of OGA and GFAT2 were also measured; however, no significance was 

found. Currently, the power of our analysis testing was 0.4075, which is sub-optimal. In order to reach an 

optimal power of 90%, our test must expand to a sample size of 146 patients. Nevertheless, even with sub-

optimal power and sample size, the data showed a significant different in the gene expression of OGT and 

GFAT1 in the two compared populations. Now that we have shown that type 2 diabetes is known to cause 

changes in gene expression of enzymes involved in the HBP, more studies must be performed to understand 

how these biomarkers play an important role in the development and progression of diabetes. 

 

Acknowledgment: 

We hereby acknowledged Kevin Gan, Tiffany Hsu, Cynthia Ngo, Patrick Phuong for their untiring efforts in 

data collection and their onward processing. 

 

6. References 

[1] Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge AW, et al. IDF 

Diabetes Atlas: Global estimates of diabetes prevalence for 2017 and projections for 2045. Diabet Res Clin 

Pract. 2018;138:271–81. 

 

[2] McClain DA. Hexosamine as mediators of nutrient sensing and regulation in diabetes. J Diabetes 

Complications. 2002; 16(1):72-80. 

 

[3] McNulty PH. Hexosamine biosynthetic pathway flux and cardiomyopathy in type 2 diabetes mellitus. 

Focus on “Impact of type 2 diabetes and aging on cardiomyocyte function and O-linked N-acetylglucosamine 

levels in the heart”. Am J Physiol Cell Physiol. 2007; 292(4):C12243-4. 

 

[4] Wells L, Vosseller K, Hart GW. A role for N-acetylglucosamine as a nutrient sensor and mediator of 

insulin resistance. Cell Mol Life Sci. 2003; 60(2):222-8. 



Fricovsky, et.al, 2022                                                                                                    Teikyo Medical Journal 

 

5424 
 

[5] Hart GW, Slawson C, Ramirez-Correa G, Langerlof O. Cross talk between O-GlcNAcylation and 

phosphorylation: roles in signaling, transcription, and chronic disease. Annu Rev Biochem. 2011; 80:825-58. 

 

[6] Wagner B. Dias and Gerald W. Hart. O-GlcNAc modification in diabetes and Alzheimer’s disease. 

Mol. BioSyst. 2007, 3, 766-772. 

 

[7] Hu Y, Suarez J, Fricovsky E, Wang H, Scott BT, Trauger SA, Han W, Oyeleye MO, and Dillmann 

WH. Increased enzymatic O-GlcNAcylation of mitochondrial proteins impairs mitochondrial function in 

cardiac myocytes exposed to high glucose. J Biol Chem. 2009; 284: 547-555. 

 

[8]  M.R. Bond, J.A. Hanover O-GlcNAc cycling: a link between metabolism and chronic disease 

Annual Review of Nutrition. 2013;33 205-229 

 

[9] C. Slawson, R.J. Copeland, G.W. Hart O-GlcNAc signaling: a metabolic link between diabetes and 

cancer? Trends in Biochemical Sciences. 2010; 35 547-555 

 

[10] T. Issad, E. Masson, P. Pagesy O-GlcNAc modification, insulin signaling and diabetic complications 

Diabetes & Metabolism. 2010;36 423-435 

 

[11] T. Lefebvre, V. Dehennaut, C. Guinez, S. Olivier, L. Drougat, A.M. Mir, Dysregulation of the 

nutrient/stress sensor O-GlcNAcylation is involved in the etiology of cardiovascular disorders, type-2 

diabetes and Alzheimer's disease Biochimica Et Biophysica Acta (BBA)-General Subjects. 2010;1800 67-79 

 

[12] H.B. Ruan, J.P. Singh, M.D. Li, J. Wu, X. Yang Cracking the O-GlcNAc code in metabolism Trends 

in Endocrinology and Metabolism. 2013; 24  301-309 

 

[13] J.W. Bullen, J.L. Balsbaugh, D. Chanda, J. Shabanowitz, D.F. Hunt, D. Neumann, et al. Cross-talk 

between two essential nutrient-sensitive enzymes: O-GlcNAc transferase (OGT) and AMP-activated protein 

kinase (AMPK) Journal of Biological Chemistry. 2014; 289 10592-10606 

 

[14] J. Xu, S. Wang, B. Viollet, M.H. Zou, Regulation of the proteasome by AMPK in endothelial cells: 

the role of O-GlcNAc transferase (OGT) PLoS One. 2012; 7 e36717 

 

[15] H.B. Ruan, X. Han, M.D. Li, J.P. Singh, K. Qian, S. Azarhoush, etal.O-GlcNAc transferase/host cell 

factor C1 complex regulates gluconeogenesis by modulating PGC-1alpha stability Cell Metabolism. 2012; 

16 226-237 

https://www.teikyomedicaljournal.com/

