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Objective

This study aims to reveal the association between JAZF1 rs864745 A>G variant and type 2 diabetes (T2D), type 1 diabetes (T1D) risk, and their correlation with clinical features, including islet function, islet autoimmunity, and plasma lipid levels.



Methods

We included 2505 healthy controls based on oral glucose tolerance test (OGTT), 1736 unrelated T2D, and 1003 unrelated autoantibody-positive T1D individuals. Binary logistic regression was performed to evaluate the relationships between rs864745 in JAZF1 and T2D, T1D, and islet-specific autoantibody status under the additive model, while multiple linear regression was used to assess its effect on glycemic-related quantitative traits and plasma lipid levels.



Results

We did not find any association between rs864745 in JAZF1 and T2D, T1D, or their subgroups (All P > 0.05). For glycemic traits, we found that the G allele of this variant was significantly associated with higher 120 min insulin level, insulinogenic index (IGI), corrected insulin response (CIR), and acute insulin response (BIGTT-AIR) (P = 0.033, 0.006, 0.009, and 0.016, respectively) in healthy individuals. Similar associations were observed in newly diagnosed T2D but not T1D individuals. Although this variant had no impact on islet autoimmunity (All P > 0.05), significant associations with plasma total cholesterol (TC) and low-density lipoprotein (LDL) level stratified by JAZF1 rs864745 variant were observed in the disease status of T2D (P = 0.002 and 0.003) and T1D (P = 0.024 and 0.009), with significant heterogeneity to healthy individuals.



Conclusions

The common JAZF1 rs864745 variant contributes to islet function and lipid metabolism, which might be put into genetic risk scores to assess the risk of related clinical features.
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Introduction

JAZF Zinc Finger 1 (JAZF1), a multifunctional regulatory factor, was initially identified as an orphan nuclear receptor corepressor and involved in gluconeogenesis and lipid metabolism. The human JAZF1 gene, located on chromosome 7p15.2, is predominantly expressed in insulin-responsive organs such as the liver, fat, skeletal muscle, and pancreas (1, 2). Furthermore, JAZF1 is expressed in both human (3, 4) and mouse β-cells (5, 6). JAZF1 is an important regulator of endoplasmic reticulum (ER) stress and ribosome biogenesis via a feedback action preventing the activation of ER and p53 stress-mediated β-cell apoptosis (7), which plays a pivotal role in the differentiation of β-cells and glucose homeostasis (8). Obesity (9) and diabetes status (10, 11) alter the JAZF1 expression pattern.

Genome-wide association studies (GWAS) have shown that the risk A allele of rs864745, an intron variant in JAZF1, correlates with both type 1 (T1D) (12) in Europeans, and type 2 diabetes (T2D) (13) in various ethnicities, including Europeans, Americans, as well as Asians (11, 14–17). Moreover, this variant also correlated with β-cell function (14, 18).

Studies have demonstrated that T1D and T2D have heterogeneous characteristics in terms of both genetic (13, 19) and phenotypic features (20, 21). Previous studies have not fully elucidated the underlying contribution of this variant on T1D and T2D subtypes and related clinical phenotypes. Therefore, this study aimed to shed light on the relationship between rs864745 in JAZF1 and T1D, T2D subgroups, and also β-cell function and lipid metabolism in both healthy and diabetes disease status.



Materials and Methods


Study Population

This study includes unrelated 1736 T2D, 1003 T1D, and 2505 non-diabetic controls. Their clinical characteristics are shown in Table 1. All the unrelated healthy controls and T2D subjects were recruited from Nanjing, one of the 25 communities in the REACTION study (22), and unrelated T1D participants were recruited from the First Affiliated Hospital of Nanjing Medical University between January 2008 and December 2020. T2D and T1D were diagnosed according to the World Health Organization criteria, and diabetes caused by liver dysfunction, pancreatitis, or other autoimmune diseases was excluded. Furthermore, T1D cases were identified as only diabetic patients with at least one autoantibody-positive [zinc transporter 8 antibody (ZnT8A), glutamate decarboxylase antibody (GADA), or insulinoma-associated-2 antibody (IA-2A)]. Non-diabetic controls were extracted based on oral glucose tolerance test (OGTT), and the inclusion criteria for healthy controls were as follows: HbA1c ≤ 6.0% (4.2 mmol/mol), fasting plasma glucose < 6.1 mmol/L, and two-hour plasma glucose < 7.8 mmol/L. The study population was determined as Chinese Han by questionnaire. All samples were collected with appropriate informed consent from all participants and/or their guardians in a written way. This study was approved by the Ethics Committee from the First Affiliated Hospital of Nanjing Medical University and conducted according to the Declaration of Helsinki II principles.


Table 1 | Overall study population and metabolic index characteristics.





Laboratory Measurements for Glycemic and Lipid Traits and Islet-Specific Autoantibodies

All non-diabetic controls and T2D individuals measured plasma glucose and serum insulin levels at fasting, 30, and 120 min after OGTT. Serum C-peptide levels were measured in newly diagnosed T1D patients (disease duration less than 3 months) on fasting, 30, 60, 120, and 180 min standard mixed meal tolerance test (MMTT). Serum insulin levels were measured by an insulin radioimmunoassay kit (BNIBT, China). Serum C-peptide levels and plasma lipid levels, including high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), total cholesterol (TC), and triglyceride (TG), were determined by the chemiluminescence method (Roche Diagnostics, Switzerland). The methods for detecting islet-specific autoantibodies were described in our previous studies (19).



Genotyping Assay

Genomic DNA was extracted from peripheral blood lymphocytes using the QIAamp DNA Blood Extraction Kit (QIAGEN, Germany). Genotyping of the JAZF1 rs864745 variant was performed using the Sequenom Massarray (BGI CO.LTD, China). The primer sequences and UEP primers were as follows: Forward, 5-ACGTTGGATGCATTGAACATTTCCTACAACC-3; Reverse, 5-ACGTTGGATGCCATATAAGTGATGCTCAAA-3; UEP, 5-ATGCTCAAATATAATTTGAACTGTTA-3. The genotyping success rate was above 98%, and 100 randomly selected samples were repeated for complete agreement. The genotype distribution in control, T2D, and T1D groups were consistent with Hardy-Weinberg equilibrium (P > 0.05).



Statistical Analyses

We measured and calculated insulin release and sensitivity derived from the OGTT in non-diabetic controls and T2D individuals according to the formulas described previously, including homeostasis model assessment of β-cell function (HOMA-B) and insulin resistance (HOMA-IR), insulinogenic index (IGI), acute insulin response index (BIGTT-AIR), insulin sensitivity index (BIGTT-SI), corrected insulin response (CIR), and Matsuda’s insulin sensitivity index (Matsuda ISI) (23). Serum insulin, C-peptide levels, insulin release and resistance index were log-transformed, and then statistically analyzed. Under an appropriately adjusted additive model, a binary logistic regression analysis was performed for the relationship between rs864745 in JAZF1 and T2D and T1D subgroups, and islet-specific autoantibody status. The effect of this variant on glycemic quantitative traits and serum lipid levels were analyzed by multiple linear regression. The glycemic quantitative traits were adjusted by sex, age, and BMI except that BIGTT-AIR and BIGTT-SI were corrected for age. Serum lipid levels were also adjusted by lipids medication in addition to age, gender, and BMI. All P-values were two-sided, and P < 0.05 was considered significant. The heterogeneity was considered significant with I2 > 75% and P < 0.05. Statistical analyses were performed using SPSS 18.0 and STATA 11.0.




Results


JAZF1 rs864745 A>G Variant Is Not Associated With the Risk of Either T2D or T1D Subgroups

As shown in Table 2, we did not find any association between JAZF1 rs864745 A>G variant and T2D or T1D risk in total (P > 0.05). Although obesity is a critical risk factor for T2D, no association with this variant was observed in lean or obese T2D subgroups (P > 0.05), stratified by BMI status according to the Chinese criteria (24). As age at diagnosis is an important marker for classifying different subgroups of T1D (21), we divided the T1D population into two subgroups according to age at diagnosis ≥ 18 and < 18 years old, and the results revealed no significant association in either children/adolescents or adults T1D subgroups (P > 0.05).


Table 2 | The association between the JAZF1 rs864745 A>G variant and T1D, T2D risk.





JAZF1 rs864745 A>G Variant Significantly Correlates With OGTT-Related Insulin Release, but Not Insulin Sensitivity Indices in Healthy Individuals

We analyzed OGTT-derived indicators of glycemic-related traits in healthy individuals. As shown in Table 3, this variant did not affect fasting, 30 min, or 120 min plasma glucose levels. However, we found that the G allele of this variant significantly improved islet function associated with 120 min insulin level, IGI, CIR, and BIGTT-AIR (P = 0.033, 0.006, 0.009, and 0.016, respectively). We further stratified them by BMI status, the G allele of this variant was significantly associated with high IGI, BIGTT-AIR (P = 0.01 and 0.037, respectively) in normal-weight (BMI < 24kg/m2) individuals, as shown in Table S1. However, we did not find any association of this variant with insulin release or insulin sensitivity in obese or overweight individuals. Subsequently, we also assessed the impact of this variant on the islet function of newly diagnosed T2D and T1D individuals. This variant was associated with 120 min insulin level in newly diagnosed T2D individuals (p = 0.041), as shown in Table S2. However, this variant did not affect fasting or responsive C-peptide levels in newly diagnosed T1D individuals, as shown in Table S3. We also evaluated the association with islet-specific autoantibody status, but we did not find any relationship to the positive rate of ZnT8A (p = 0.723), GADA (p = 0.101), or IA-2A (p = 0.316), as shown in Table 4.


Table 3 | The association of the JAZF1 rs864745 A>G variant with glycemic quantitative traits in healthy individuals based on OGTT.




Table 4 | The association between the JAZF1 rs864745 A>G variant and T1D risk stratified by islet autoantibody status.





Significant Associations With TC and LDL Levels Stratified by the JAZF1 rs864745 Variant Are Observed in T2D and T1D Status, With a Significant Heterogeneity Among Healthy Individuals

We did not find any association between this variant and plasma lipid levels (HDL, LDL, TC, TG) in the healthy individuals based on OGTT (All P > 0.05). However, the G allele of this variant was associated with lower plasma LDL and TC levels in both T2D (P = 0.003 and 0.002) and T1D status (P = 0.009 and 0.024). Compared with healthy controls, their impacts on LDL and TC levels had significant heterogeneity in T2D (P = 0.049 and 0.030) and T1D (P = 0.017 and 0.034) status, as shown in Table 5.


Table 5 | Correlation of plasma TC and LDL in people with different metabolic states and stratified by JAZF1 rs864745 variant.






Discussion

Previous studies have found a shared genetic risk factor underlying T1D and T2D etiology (25, 26), with approximately 60 chromosome regions associated with T1D (27) and over 200 associated with T2D (28), reaching genome-wide significance. Therefore, uncovering co-localizing signals could provide biological insights into overlapping disease mechanisms, and potentially reveal therapeutic targets effective for both diseases. The JAZF1 region was reported as the genome-wide significant region in T1D (12) and T2D (13). However, the results were inconsistent. For instance, several studies revealed an association between the JAZF1 rs864745 variant and T2D, whereas others did not find any association (11, 13–17, 29–32). Our study supported that the JAZF1 rs864745 variant did not associate with T1D, T2D, or their subgroups, at least in the Chinese population.

Although obesity is a critical risk factor for the heterogeneity of T2D, and patients with different BMI have various natural histories, and β-cell mass (33), no association with this variant was reported in T2D subgroups stratified by BMI level in this study. Meanwhile, age at diagnosis is a critical factor for T1D subgroups (21). Our previous studies also confirmed a genetic correlation among T1D subgroups of diagnosed ages (19, 34). Nevertheless, our current study shows that the JAZF1 rs864745 variant is not associated with the onset age of T1D. Explanations for these discrepancies may include differences in sample size, environment, and populations studied. Because minor genetic variation accumulates over time, ancestral groups that became geographically separated many generations ago may yield different genetic risks. Additionally, the subjects in our study included community residents over 40 years old Chinese subjects, and aged participants are expected to have more cumulative environmental exposure and thus be more likely to be affected by gene-environment interaction.

Further studies have suggested that the T allele of rs864745 was associated with abnormal pancreatic β-cell function (14), which plays a role in the pathogenesis of T2D (17). JAZF1 rs864745 T allele is linked to reduced JAZF1 mRNA expression and decreased insulin release (14). Furthermore, an autosomal genomic scan showed that the JAZF1 rs864745 T variant is associated with increased fasting insulin levels (14). Our results are consistent with those of the prior studies showing that the G allele of this variant mainly improves β-cell function in normal glucose tolerance (NGT) and newly diagnosed T2D subjects, especially in those NGT participants with normal BMI levels. However, no effects on β-cell function or insulin sensitivity were observed in the overweight or obese subgroups. We speculate that the impact of the variant on islet β-cell function might be inferior to metabolic impact in people with excess body weight. These indicate that when translating genetic risk loci into clinical features of the disease state, the effect of a single variant is insufficient to achieve significant changes. As a result, multi-genic risk loci should be loaded into the estimation in future studies.

Besides, previous GWAS studies have revealed the genetic associations with islet autoantibody positivity in T1D subjects (35, 36). We evaluated the association with islet-specific autoantibody status with this variant, but no significant relationship to the positive rate of ZnT8A, GADA, or IA-2A was observed. Additionally, this variant did not affect fasting or responsive C-peptide levels in newly diagnosed T1D patients in our study. These findings indicated that the JAZF1 rs864745 A>G variant might influence islet β-cell function, but not islet autoimmunity. Further validation is warranted considering the sample size and selected population in our study.

Studies have reported that dyslipidemia is a well-established risk factor for T1D and T2D (37–39). JAZF1 is a metabolic regulator to improve lipid metabolism and resist hyperglycemia through multiple metabolic signaling pathways in T2D (18). The beneficial effects of JAZF1 on lipid metabolism have been observed in hepatocytes and adipocytes (18, 40–42). In the liver, JAZF1 enhances fatty acid β-oxidation. In adipocytes, JAZF1 inhibits the accumulation of fatty acids and triglycerides. A previous multi-ancestry population-based study has revealed multiple variants associated with serum lipid traits (43). Of these, JAZF1 rs864745 A>G variant correlates with TG and HDL. Since the non-diabetic controls recruited in our study were a subgroup of the total population, this locus was not significantly associated with HDL, LDL, TC, or TG in our normoglycemic individuals. However, we found that the G allele of this variant was associated with lower plasma LDL and TC levels in both T2D and T1D status, suggesting the relationship may be more significant during high glucose pathological states. The present findings might carry significant clinical implications. Moreover, databases from GTEx (https://gtexportal.org/), demonstrated that this variant affected JAZF1 gene expression in multi tissues, including the liver, skeletal muscle, and pancreas. Thus, we speculated that two distinct mechanisms for this variant are involved in protecting individuals from diabetes. One is by improving β-cell function, and the other is modulating lipid metabolism (via decreasing TC and LDL levels) in the hyperglycemia state.

In conclusion, we found that the JAZF1 rs864745 variant is linked to the improvement of β-cell function as well as lipid metabolism. Considering the limitation of the reproducibility with a single variant, more T1D or T2D genetic risk loci should be further studied for clinical subgroups and phenotypic of T1D and T2D patients in diabetes screening and precision therapy.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by the Ethics Committee from the First Affiliated Hospital of Nanjing Medical University. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author Contributions

HD performed statistical analyses and interpretation of data and drafted the initial manuscript. HL, YQ, and LJ were responsible for the analyses and interpretation of data. HJ, MS, and HC contributed to laboratory measurements. YC and SZ contributed to the collection and selection of samples. QF and TY gave a critical revision of the manuscript. KX directed the study design and provided a critical revision of the manuscript. All the co-authors gave the final approval of the version.



Funding

This study was supported by grants from the National Natural Science Foundation of China (81670715, 81830023, 82070803 and 81900708), and the Young Scholars Fostering Fund of the First Affiliated Hospital of Nanjing Medical University (PY2021005).



Acknowledgments

The authors appreciate the help and support from all participants who took part in this study.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2022.898893/full#supplementary-material

  

Abbreviations

T1D, type 1 diabetes; T2D, type 2 diabetes; NGT, normal glucose tolerance; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglyceride; JAZF1, juxtaposed with another zinc finger gene 1; GWAS, genome-wide association studies; OGTT, oral glucose tolerance test; MMTT, mixed meal tolerance test; BMI, body mass index; HbA1c, glycated hemoglobin; ZnT8A, zinc transporter 8 antibody; GADA, glutamate decarboxylase antibody; IA-2A, insulinoma-associated-2 antibody; HOMA-B, homeostasis model assessment of β-cell function; HOMA-IR, homeostasis model assessment of insulin resistance; IGI, insulinogenic index; BIGTT-AIR, acute insulin response; BIGTT-SI, insulin sensitivity index; CIR, corrected insulin response; Matsuda ISI, Matsuda’s insulin sensitivity index.



References

1. Koontz, JI, Soreng, AL, Nucci, M, Kuo, FC, Pauwels, P, van den Berghe, H, et al. Frequent Fusion of the JAZF1 and JJAZ1 Genes in Endometrial Stromal Tumors. Proc Natl Acad Sci U S A (2001) 98:6348–53. doi: 10.1073/pnas.101132598

2. Ho, MM, Yoganathan, P, Chu, KY, Karunakaran, S, Johnson, JD, and Clee, SM. Diabetes Genes Identified by Genome-Wide Association Studies are Regulated in Mice by Nutritional Factors in Metabolically Relevant Tissues and by Glucose Concentrations in Islets. BMC Genet (2013) 14:10. doi: 10.1186/1471-2582156-14-10

3. Nica, AC, Ongen, H, Irminger, JC, Bosco, D, Berney, T, Antonarakis, SE, et al. Cell-Type, Allelic, and Genetic Signatures in the Human Pancreatic Beta Cell Transcriptome. Genome Res (2013) 23:1554–62. doi: 10.1101/gr.150706.112

4. Blodgett, DM, Nowosielska, A, Afik, S, Pechhold, S, Cura, AJ, Kennedy, NJ, et al. Novel Observations From Next-Generation RNA Sequencing of Highly Purified Human Adult and Fetal Islet Cell Subsets. Diabetes (2015) 64:3172–81. doi: 10.2337/db15-0039

5. Petrenko, V, Saini, C, Giovannoni, L, Gobet, C, Sage, D, Unser, M, et al. Pancreatic α- and β-Cellular Clocks Have Distinct Molecular Properties and Impact on Islet Hormone Secretion and Gene Expression. Genes Dev (2017) 31:383–98. doi: 10.1101/gad.290379.116

6. Benner, C, Meulen, T, Cacéres, E, Tigyi, K, Donaldson, CJ, and Huising, MO. The Transcriptional Landscape of Mouse Beta Cells Compared to Human Beta Cells Reveals Notable Species Differences in Long Non-Coding RNA and Protein-Coding Gene Expression. BMC Genomics (2014) 15:620. doi: 10.1186/1471-2164-15-620

7. Kobiita, A, Godbersen, S, Araldi, E, Ghoshdastider, U, Schmid, MW, Spinas, G, et al. The Diabetes Gene JAZF1 Is Essential for the Homeostatic Control of Ribosome Biogenesis and Function in Metabolic Stress. Cell Rep (2020) 32:107846. doi: 10.1016/j.celrep.2020.107846

8. Park, SJ, Kwon, W, Park, S, Jeong, J, Kim, D, Jang, S, et al. Jazf1 Acts as a Regulator of Insulin-Producing β-Cell Differentiation in Induced Pluripotent Stem Cells and Glucose Homeostasis in Mice. FEBS J (2021) 288:4412–27. doi: 10.1111/febs.15751

9. Jang, WY, Bae, KB, Kim, SH, Yu, DH, Kim, HJ, Ji, YR, et al. Overexpression of Jazf1 Reduces Body Weight Gain and Regulates Lipid Metabolism in High Fat Diet. Biochem Biophys Res Commun (2014) 444:296–301. doi: 10.1016/j.bbrc.2013.12.094

10. Taneera, J, Lang, S, Sharma, A, Fadista, J, Zhou, Y, Ahlqvist, E, et al. A Systems Genetics Approach Identifies Genes and Pathways for Type 2 Diabetes in Human Islets. Cell Metab (2012) 16:122–34. doi: 10.1016/j.cmet.2012.06.006

11. Zeggini, E, Scott, LJ, Saxena, R, Voight, BF, Marchini, JL, Hu, T, et al. Meta-Analysis of Genome-Wide Association Data and Large-Scale Replication Identifies Additional Susceptibility Loci for Type 2 Diabetes. Nat Genet (2008) 40:638–45. doi: 10.1038/ng.120

12. Robertson, CC, Inshaw, JRJ, Onengut-Gumuscu, S, Chen, W-M, Santa Cruz, DF, Yang, H, et al. Fine-Mapping, Trans-Ancestral and Genomic Analyses Identify Causal Variants, Cells, Genes and Drug Targets for Type 1 Diabetes. Nat Genet (2021) 53:962–71. doi: 10.1038/s41588-021-00880-5

13. Spracklen, CN, Horikoshi, M, Kim, YJ, Lin, K, Bragg, F, Moon, S, et al. Identification of Type 2 Diabetes Loci in 433,540 East Asian Individuals. Nature (2020) 582:240–5. doi: 10.1038/s41586-020-2263-3

14. Grarup, N, Andersen, G, Krarup, NT, Albrechtsen, A, Schmitz, O, Jorgensen, T, et al. Association Testing of Novel Type 2 Diabetes Risk Alleles in the JAZF1, CDC123/CAMK1D, TSPAN8, THADA, ADAMTS9, and NOTCH2 Loci With Insulin Release, Insulin Sensitivity, and Obesity in a Population-Based Sample of 4,516 Glucose-Tolerant Middle-Aged Danes. Diabetes (2008) 57:2534–40. doi: 10.2337/db08-0436

15. Gamboa-Melendez, MA, Huerta-Chagoya, A, Moreno-Macias, H, Vazquez-Cardenas, P, Ordonez-Sanchez, ML, Rodriguez-Guillen, R, et al. Contribution of Common Genetic Variation to the Risk of Type 2 Diabetes in the Mexican Mestizo Population. Diabetes (2012) 61:3314–21. doi: 10.2337/db11-0550

16. Chang, Y-C, Liu, P-H, Yu, Y-H, Kuo, S-S, Chang, T-J, Jiang, Y-D, et al. Validation of Type 2 Diabetes Risk Variants Identified by Genome-Wide Association Studies in Han Chinese Population: A Replication Study and Meta-Analysis. PLoS One (2014) 9:e95045. doi: 10.1371/journal.pone.0095045

17. Zhou, D, Liu, Y, Zhang, D, Liu, S, Yu, L, Yang, Y, et al. Variations in/Nearby Genes Coding for JAZF1, TSPAN8/LGR5 and HHEX-IDE and Risk of Type 2 Diabetes in Han Chinese. J Hum Genet (2010) 55:810–5. doi: 10.1038/jhg.2010.117

18. Liao, Z, Wang, Y, Qi, X, and Xiao, X. JAZF1, a Relevant Metabolic Regulator in Type 2 Diabetes. Diabetes Metab Res Rev (2019) 35. doi: 10.1002/dmrr.3148

19. Zhu, M, Xu, K, Chen, Y, Gu, Y, Zhang, M, Luo, F, et al. Identification of Novel T1D Risk Loci and Their Association With Age and Islet Function at Diagnosis in Autoantibody-Positive T1D Individuals: Based on a Two-Stage Genome-Wide Association Study. Diabetes Care (2019) 42:1414–21. doi: 10.2337/dc18-2023

20. Perry, JRB, Voight, BF, Yengo, L, Amin, N, Dupuis, J, Ganser, M, et al. Stratifying Type 2 Diabetes Cases by BMI Identifies Genetic Risk Variants in LAMA1 and Enrichment for Risk Variants in Lean Compared to Obese Cases. PLoS Genet (2012) 8:e1002741. doi: 10.1371/journal.pgen.1002741

21. Liley, J, Todd, JA, and Wallace, C. A Method for Identifying Genetic Heterogeneity Within Phenotypically Defined Disease Subgroups. Nat Genet (2017) 49:310–6. doi: 10.1038/ng.3751

22. Ning, G, and The REACTION Study Group. Risk Evaluation of Cancers in Chinese Diabetic Individuals: A Longitudinal (REACTION) Study: Letter to the Editor. J Diabetes (2012) 4:172–3. doi: 10.1111/j.1753-0407.2012.00182.x

23. Gu, Y, Xiao, L, Gu, W, Chen, S, Feng, Y, Wang, J, et al. Rs2227982 and Rs2227981 in PDCD1 Gene are Functional SNPs Associated With T1D Risk in East Asian. Acta Diabetol (2018) 55:813–9. doi: 10.1007/s00592-018-1152-9

24. Pan, X-F, Wang, L, and Pan, A. Epidemiology and Determinants of Obesity in China. Lancet Diabetes Endocrinol (2021) 9:373–92. doi: 10.1016/S2213-8587(21)00045-0

25. Inshaw, JRJ, Sidore, C, Cucca, F, Stefana, MI, Crouch, DJM, McCarthy, MI, et al. Analysis of Overlapping Genetic Association in Type 1 and Type 2 Diabetes. Diabetologia (2021) 64:1342–7. doi: 10.1007/s00125-021-05428-0

26. Aylward, A, Chiou, J, Okino, M-L, Kadakia, N, and Gaulton, KJ. Shared Genetic Risk Contributes to Type 1 and Type 2 Diabetes Etiology. Hum Mol Genet (2018). doi: 10.1093/hmg/ddy314

27. Onengut-Gumuscu, S, Chen, W-M, Burren, O, Cooper, NJ, Quinlan, AR, Mychaleckyj, JC, et al. Fine Mapping of Type 1 Diabetes Susceptibility Loci and Evidence for Colocalization of Causal Variants With Lymphoid Gene Enhancers. Nat Genet (2015) 47:381–6. doi: 10.1038/ng.3245

28. Mahajan, A, Taliun, D, Thurner, M, Robertson, NR, Torres, JM, Rayner, NW, et al. Fine-Mapping Type 2 Diabetes Loci to Single-Variant Resolution Using High-Density Imputation and Islet-Specific Epigenome Maps. Nat Genet (2018) 50:1505–13. doi: 10.1038/s41588-018-0241-6

29. Haiman, CA, Fesinmeyer, MD, Spencer, KL, Buzkova, P, Voruganti, VS, Wan, P, et al. Consistent Directions of Effect for Established Type 2 Diabetes Risk Variants Across Populations: The Population Architecture Using Genomics and Epidemiology (PAGE) Consortium. Diabetes (2012) 61:1642–7. doi: 10.2337/db11-1296

30. Ng, MCY, Saxena, R, Li, J, Palmer, ND, Dimitrov, L, Xu, J, et al. Transferability and Fine Mapping of Type 2 Diabetes Loci in African Americans: The Candidate Gene Association Resource Plus Study. Diabetes (2013) 62:965–76. doi: 10.2337/db12-0266

31. Takeuchi, F, Serizawa, M, Yamamoto, K, Fujisawa, T, Nakashima, E, Ohnaka, K, et al. Confirmation of Multiple Risk Loci and Genetic Impacts by a Genome-Wide Association Study of Type 2 Diabetes in the Japanese Population. Diabetes (2009) 58:1690–9. doi: 10.2337/db08-1494

32. Omori, S, Tanaka, Y, Horikoshi, M, Takahashi, A, Hara, K, Hirose, H, et al. Replication Study for the Association of New Meta-Analysis-Derived Risk Loci With Susceptibility to Type 2 Diabetes in 6,244 Japanese Individuals. Diabetologia (2009) 52:1554–60. doi: 10.1007/s00125-009-1397-5

33. Yagihashi, S, Inaba, W, and Mizukami, H. Dynamic Pathology of Islet Endocrine Cells in Type 2 Diabetes: β-Cell Growth, Death, Regeneration and Their Clinical Implications. J Diabetes Invest (2016) 7:155–65. doi: 10.1111/jdi.12424

34. Chen, S, Fan, H, Feng, Y, Zhang, Y, Chen, Y, Gu, Y, et al. The Association Between Rs1893217, Rs478582 in PTPN2 and T1D Risk With Different Diagnosed Age, and Related Clinical Characteristics in Chinese Han Population. Autoimmunity (2019) 52:95–101. doi: 10.1080/08916934.2019.1608191

35. Plagnol, V, Howson, JMM, Smyth, DJ, Walker, N, Hafler, JP, Wallace, C, et al. Genome-Wide Association Analysis of Autoantibody Positivity in Type 1 Diabetes Cases. PLoS Genet (2011) 7:e1002216. doi: 10.1371/journal.pgen.1002216

36. Brorsson, CA, Pociot, F, and the Type 1 Diabetes Genetics Consortium. Shared Genetic Basis for Type 1 Diabetes, Islet Autoantibodies, and Autoantibodies Associated With Other Immune-Mediated Diseases in Families With Type 1 Diabetes. Diabetes Care (2015) 38:S8–13. doi: 10.2337/dcs15-2003

37. Song, Y, Liu, J, Zhao, K, Gao, L, and Zhao, J. Cholesterol-Induced Toxicity: An Integrated View of the Role of Cholesterol in Multiple Diseases. Cell Metab (2021) 33:1911–25. doi: 10.1016/j.cmet.2021.09.001

38. Vergès, B. Dyslipidemia in Type 1 Diabetes: A Masked Danger. Trends Endocrinol Metab (2020) 31:422–34. doi: 10.1016/j.tem.2020.01.015

39. James, DE, Stöckli, J, and Birnbaum, MJ. The Aetiology and Molecular Landscape of Insulin Resistance. Nat Rev Mol Cell Biol (2021) 22:751–71. doi: 10.1038/s41580-021-00390-6

40. Ming, G, Xiao, D, Gong, W, Liu, H, Liu, J, Zhou, H, et al. JAZF1 can Regulate the Expression of Lipid Metabolic Genes and Inhibit Lipid Accumulation in Adipocytes. Biochem Biophys Res Commun (2014) 445:673–80. doi: 10.1016/j.bbrc.2014.02.088

41. Wei, Q, Zhou, B, Yang, G, Hu, W, Zhang, L, Liu, R, et al. JAZF1 Ameliorates Age and Diet-Associated Hepatic Steatosis Through SREBP-1c -Dependent Mechanism. Cell Death Dis (2018) 9:859. doi: 10.1038/s41419-018-0923-0

42. Li, L, Yang, Y, Yang, G, Lu, C, Yang, M, Liu, H, et al. The Role of JAZF1 on Lipid Metabolism and Related Genes In Vitro. Metabolism (2011) 60:523–30. doi: 10.1016/j.metabol.2010.04.021

43. Graham, SE, Clarke, SL, Wu, KH, Kanoni, S, Zajac, GJM, Ramdas, S, et al. The Power of Genetic Diversity in Genome-Wide Association Studies of Lipids. Nature (2021) 600:675–9. doi: 10.1038/s41586-021-04064-3




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Dai, Qian, Lv, Jiang, Jiang, Shen, Chen, Chen, Zheng, Fu, Yang and Xu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Rs864745 in JAZF1, an Islet Function Associated Variant, Correlates With Plasma Lipid Levels in Both Type 1 and Type 2 Diabetes Status, but Not Healthy Subjects

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Population

          



          		

            Laboratory Measurements for Glycemic and Lipid Traits and Islet-Specific Autoantibodies

          



          		

            Genotyping Assay

          



          		

            Statistical Analyses

          



        



        



        		

          Results

        

          		

            JAZF1 rs864745 A>G Variant Is Not Associated With the Risk of Either T2D or T1D Subgroups

          



          		

            JAZF1 rs864745 A>G Variant Significantly Correlates With OGTT-Related Insulin Release, but Not Insulin Sensitivity Indices in Healthy Individuals

          



          		

            Significant Associations With TC and LDL Levels Stratified by the JAZF1 rs864745 Variant Are Observed in T2D and T1D Status, With a Significant Heterogeneity Among Healthy Individuals

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Groups

T2D
Total

BMI < 24kg/m?

24 < BMI < 28kg/m?
BMI > 28kg/m?

TiD

Total

Diagnosed age > 18
Diagnosed age < 18
Control

Genotype distribution

1020
372

464

184

589
358
228
1454

AG

619

228
296
95

360
196
167
896

GG

97
35
46
16

44
18
24
155

ORadj (95% Cl)

0.972
0.958
0.978
0.838

(0.870, 1.086)
0.808, 1.136)
(0.845, 1.130)
0.620, 1.133)

0.930 (0.739, 1.171)
0.922 (0.730, 1.166)
0.613 (0.262, 1.435)

0.616
0.620
0.760
0.250

0.538
0.498
0.259

A/G: risk/non-risk alleles for T1D, T2D (ref 11-18). G allele is the effect allele for Oradj. T2D: Binary logistic regression, dependent variable: whether diabetic or not, independent variables:
genotype, sex, age. BMI normal < 24kg/m?, overweight = 24kg/m?, < 28kg/m?, obese = 28kg/m?. T1D: Binary logistic regression, dependent variable: whether diabetic or not, correction:
sex, age (non-onset age). A total of 12 T1D patients have unknown diagnosed age. T2D, type 2 diabetes; T1D, type 1 diabetes; BMI, body mass index.





OEBPS/Images/table4.jpg
Pos Neg ORGuq; (95% CI) Pagj
ZnT8A
AA 265 307
AG 161 190 0.960(0.767-1.202) 0.723
GG 17 24
GADA
AA 426 161
AG 276 84 1.240(0.959-1.603) 0.101
GG 36 8
1A-2A
AA 280 308
AG 186 173 1.122(0.896-1.404) 0.316
GG 23 21

For each autoantibody, association tests included sex, genotype, age at T1D diagnosis, and disease duration as covariates. Numbers in parentheses indicate the frequency of that

genotype. P < 0.05 was considered significant.

ZnT8A, zinc transporter 8 antibody; GADA, glutamate decarboxylase antibody; IA-2A, insulinoma-associated-2 antibody.





OEBPS/Images/table3.jpg
Control

Plasma glucose (mmol/l)
Fasting

30 min post OGTT

120 min post OGTT
Serum insulin (mIU/L)
Fasting

30 min post OGTT

120 min post OGTT
Islet function

HOMA-B

IGI

BIGTT-AIR

CIR

Insulin resistance
HOMA-IR

Matsuda ISI

BIGTT-SI

HbA1c%

5.33 (5.10, 5.58)
8.57 (7.65, 9.59)
6.21 (5.49, 6.89)

9.83 (7.36, 13.22)
56.14 (37.34, 85.83)
39.52 (26.12, 61.27)

105.72 (80.78, 151.27)
14.77 (8.64, 24.91)
7.58(7.29, 7.94)
149.66 (90.35, 238.67)

2.31(1.71, 3.12)
0.07 (0.04, 0.12)

94 (1.54, 2.24
5.60 (5.40, 5.90)

AG

5.32 (6.05, 5.58)
8.43 (7.58, 9.46)
6.16 (5.56, 6.85)

9.93 (7.45, 13.65)

57.49 (37.44, 92.70)
41.93 (26.28, 63.89)

110.29 (81.39, 154.66)
16.09 (9.06, 28.59)

7.61 (7.34, 8.04)

163.72 (96.68, 274.66)

2.35 (1.75, 3.26)
0.07 (0.04, 0.11
1.92 (1.50, 2.25)
5.70 (5.40, 590

GG

5.34 (4.95, 5.62)
8.43 (7.49, 9.30)
6.38 (5.58, 7.00)

10.27 (7.27, 13.64)
61.30 (43.99, 85.60)
43.81 (27.66, 73.57)

117.08 (80.98, 159.25)
16.67 (8.70, 27.75)
7.68 (7.37, 8.00)
168.27 (94.78, 270.96)

2.45
0.06
1.88
5.60

1.67, 3.35)
0.04, 0.11)
1.48, 2.16)
5.40, 5.90)

-0.029
-0.037
0.015

0.021
0.034
0.041

0.036
0.054
0.048
0.051

0.016
-0.083
-0.024
0.004

SE

0.011
0.047
0.031

0.007
0.009
0.010

0.008
0.013
0.009
0.011

0.007
0.010
0.009
0.012

Padj

0.144
0.057
0.433

0.273
0.078
0.033*

0.072
0.006*
0.016*
0.009*

0.423
0.080
0.224
0.826

Linear regression, with several correction indices calculated separately, with genotype and correction indices as independent variables and islet function as dependent variable.

P < 0.05; P < 0.01.

OGTT, oral glucose tolerance test; HOMA-B, homeostasis model assessment of B-cell function; IGI, insulinogenic index; BIGTT-AIR, acute insulin response; CIR, corrected insulin
response; HOMA-IR, homeostasis model assessment of insulin resistance; Matsuda IS, Matsuda’s insulin sensitivity index; BIGTT-SI, insulin sensitivity index; HbATc,

glycated hemoglobin.





OEBPS/Images/fendo.2022.898893_cover.jpg
’ frontiers | Frontiers in Endocrinology

Rs864745 in JAZF1, an Islet Function
Associated Variant, Correlates With
Plasma Lipid Levels in Both Type 1
and Type 2 Diabetes Status, but Not

Healthy Subjects





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/table1.jpg
T2D TiD Control
n 1736 1003 2505
Sex (male/female) 750/986 491/512 786/1719
Age (years) 62.0 8.0 23.7 +14.8 54.0+9.0
BMI (kg/m?) 25.20 + 3.47 19.84 +3.78 23.65 + 3.00
Lipids medication (%) 3.1% - 1.0%
Plasma glucose (mmol/l)
Fasting 7.66 £2.27 - 5.33 £ 0.36
30 min post OGTT 11.26 + 3.06 = 8.58 + 1.48
120 min post OGTT 12.79 £ 417 = 6.14 + 0.98
Serum insulin (mIU/L)
Fasting 11.32 (8.29, 16.25) E 9.86 (7.38, 13.38)
30 min post OGTT 23.62 (14.51, 41.79) - 57.13 (37.80, 88.59)
120 min post OGTT 43.07 (22.74, 83.70) - 40.72 (26.25, 63.37)
HbA1c (%) 7.10+1.50 11.15 £ 3.06 5.60 + 0.40
HDL (mmol/L) 1.23 +0.30 1.36 + 0.61 1.37 +0.34
LDL (mmol/L) 2.83 +0.81 269+1.03 2.81+£0.74
TC (mmol/L) 4.86 + 1.06 4.31+184 4.88 + 0.96
TG (mmol/L) 1.82 +1.32 152 +1.91 1.37 £+ 0.85
Serum antibody positive rate
ZnT8A - 0.45 -
GADA i 0.74 -
IA-2A = 0.50 =

Data are expressed as mean + SD or as median (interquartile range).
T2D, type 2 diabetes; T1D, type 1 diabetes; BMI, body mass index; OGTT, oral glucose tolerance test; HbATc, glycated hemoglobin; HDL, high-denstty lipoprotein; LDL, low-density
liooprotein; TC, total cholesterol: TG, triglyceride; ZnT8A, zinc transporter 8 antibody; GADA, glutamate decarboxylase antibody; IA-2A, insulinoma-associated-2 antibody.





OEBPS/Images/table5.jpg
Groups

Control
HDL
LDL
TC
G
T2D
HDL
LDL
TC
TG
TiD
HDL
LDL
TC
TG

1.37 +0.34
2.81+0.73
4.88 + 0.96
1.36 +0.85

1.24 +0.30
2.87 +0.82
4.92 +1.08
1.84 +1.36

1.36 +0.71
278 +1.08
4.46 +2.00
161 +2.16

AG

1.39 £ 0.34
2.81+0.78
4.89 £ 0.98
1.36 +0.82

121+0.29
277 +0.81
4.80 +1.05
1.85+1.33

1.34 +£0.39
253 +0.94
4.09 +1.49
1.35 + 1.40

GG

1.36+0.34
275+ 0868
4.81+0.82
1.49+0.95

122+0.26
267+075
4.62+0.96
1.50+0.71

1.76+0.32
249+091
372+194
1.74 + 163

0.006
-0.016
-0.011
0.021

-0.043
-0.071
-0.072
-0.080

0.061

-0.138
-0.103
-0.061

SE

0.010
0.024
0.031
0.027

0.011
0.032
0.042
0.052

0.058
0.097
0.143
0.605

adjusted P

0.728
0.431
0.588
0.273

0.061
0.003*
0.002*

0.204

0.188
0.009**
0.024*

0.185

Phet

0.093
0.049*
0.030*
0.109

0.228
0.017*
0.034*
0.169

P (%)

64.60
75.70
78.70
61.10

31.30
82.50
77.70
47.00

Linear regression analysis was used, with lipid index as the dependent variable and age, sex, lipids medication and BMI (type 1 not used) as independent variables. All P values were two-
tailed and P < 0.05 was considered as significant. *P < 0.05; *P < 0.01.
T2D, type 2 diabetes; T1D, type 1 diabetes; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol: TG, triglyceride.





