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Background

Regulator of calcineurin 2 (RCAN2) has been reported to promote food intake and weight gain in animal studies. However, its effect on body weight in humans is unclear.



Objective

This study aimed to investigate the relationship between serum RCAN2 concentrations and participants with overweight/obesity.



Methods

A cross-sectional study was performed in 872 Chinese adults, including 348 participants with normal weight (NW), 397 participants with overweight (OW), and 127 participants with obesity (OB). All participants were divided into NW, OW and OB groups according to their body mass index (BMI). Serum RCAN2 concentrations were determined by enzyme-linked immunosorbent assay.



Results

Serum RCAN2 concentrations gradually increased with the increase of BMI (p < 0.001). The percentages of OW/OB gradually increased in tandem with increasing tertiles of RCAN2 (p < 0.001). Additionally, serum RCAN2 concentrations were significantly correlated with a series of anthropometric and metabolic parameters, predominantly including body weight, BMI, SBP, DBP, total cholesterol, triglycerides, HDL-C, LDL-C (all p < 0.05). Furthermore, logistic regression analysis showed that the risk of OW/OB was significantly increased with the increase of serum RCAN2 concentrations. Receiver operation characteristic (ROC) curve analysis revealed that serum RCAN2, especially serum RCAN2/(AST/ALT) ratio, might serve as a candidate biomarker for obesity.



Conclusion

Serum RCAN2 concentrations were increased in subjects with OW/OB. The increased serum RCAN2 concentrations were associated with the increased risks of OW/OB.
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Introduction

According to the World Health Organization (WHO), overweight (OW) or obesity (OB) refers to the excessive or abnormal accumulation of fat in organs and tissues of the body, thereby increasing health risks (1). Obesity is a risk factor for the development of a large number of diseases, such as type 2 diabetes mellitus (T2DM), non-alcoholic fatty liver disease (NAFLD), cardiovascular disease (CVD), stroke, osteoarthritis, and even cancers, triggering a significant decline in quality of life, life expectancy and disability (2–4). Worldwide, 39% adults with overweight (39% for men and 40% for women), 13% adults with obesity (11% for men and 15% for women) (5). In this context, obesity pandemic has become an important health issue across the globe and may create enormous health and economy burden (6). Effective medications for obesity have been slow to emerge, efforts are still underway to develop new, transformative and potent drugs (7).

Regulator of calcineurin 2 (RCAN2, also known as ZAKI-4, DSCR1L1 or MCIP2) was initially discovered as a thyroid hormone (T3)-responsive gene in cultured skin fibroblasts (8), and subsequently reported to inhibit calcineurin-dependent transcriptional responses by binding to the catalytic domain of calcineurin A (9, 10). RCAN2 is expressed ubiquitously in the brain, heart, kidney, liver and skeletal muscle (10, 11). RCAN2 has been found to be involved in the development of many diseases. RCAN2 plays an important role in the development and function of the brain by regulating the function of calcineurin (12). RCAN2 is constitutively expressed in endothelial cells and inhibits VEGF-mediated angiogenesis (13). Additionally, RCAN2 is associated with development, proliferation, and the formation of tumorigenic network of cancers (14–16). Attractively, Sun, et al. found that knockout of RCAN2 gene in the whole organism can ameliorate the age- and diet-induced obesity, glucose tolerance, insulin sensitivity, and hepatic steatosis in mice (17, 18). These results indicate that RCAN2 plays an important role in the development of obesity in mice. So far, no study has explored the relationship between serum RCAN2 concentrations with overweight and obesity in humans.

In this study, we planned to 1) investigate the serum RCAN2 concentrations of 348 participants with normal weight, 397 participants with overweight, and 127 participants with obesity; 2) analyze the correlation between serum RCAN2 concentrations and clinical indicators and metabolic indicators; 3) explore the diagnostic value of serum RCAN2 for discriminating individuals with obesity from controls.



Study Population and Design

A total of 872 participants were screened from the physical examination center of the affiliated hospital of Southwest Medical University. Subjects were classified into three groups based on their body mass index (BMI): normal weight (NW) group (18.5 ≤ BMI<24 kg/m2, overweight (OW) group (24 ≤ BMI ≤ 28 kg/m2), and obesity (OB) group (BMI > 28 kg/m2) (19). All subjects with any of the following conditions were excluded: secondary causes of obesity, previous history of hyperthyroidism or hypothyroidism, acute and chronic cardiovascular diseases, cancers, general poor health status, stroke and any other serious diseases, pregnancy or breastfeeding, use of any weight-affecting drugs.

All protocols followed the ethical guidelines of the 1964 Declaration of Helsinki and were approved by the Human Research Ethics Committee of the Southwest Medical University Hospital (license number: KY2021086). Informed written consent was obtained from all participants.


Clinical and Anthropometric Parameters

After overnight fasting, all participants underwent anthropometric measurements with light clothing and no footwear. Body height and weight were measured using an ultrasound analyzer (SK-V7, Shenzhen, China), BMI was calculated as weight (kg)/height (m2). Waist circumference (WC) and hip circumference (HC) were measured using a cloth tape. Waist-to-hip ratio (WHR) was calculated as WC (cm)/HC (cm). After resting for at least 5 minutes, systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate were measured using a medical automatic electronic blood pressure monitor (HBP-9020, Omron Corporation, Kyoto, Japan). All anthropometric parameters were measured by professionally trained nurses.



Measurement of Biochemical Parameters

Blood samples were collected from the antecubital vein of all subjects after an overnight fast of 10 to 12 hours and were stored at -80°C until analysis. An automated biochemical analyzer (ADVIA2400, SIEMENS, Germany) was used to detect alanine aminotransferase (ALT), aspartate aminotransferase (AST), total protein (TP), albumin (ALB), globulin (GLO), gamma-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), urea nitrogen (urea), uric acid (UA), creatinine (Crea), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), fasting blood glucose (FBG), and homocysteine (HCY). Peripheral white blood cell (WBC) and neutrophil (NEU) counts were measured using an automated blood cell counter (Myriad BC-6800, Shenzhen, China).



Measurements of Serum Concentrations of RCAN2

Serum RCAN2 concentrations were quantified using a commercial enzyme-linked immunosorbent assay (ELISA) kit (Human RCAN2 ELISA Kit, Abebio, Wuhan, China) according to the manufacturer’s protocol. Serum samples were diluted 10-fold prior to the assay. The intra- and inter-test variations were less than 8% and less than 12%, respectively. The detection range of the kit is 0.156ng/mL - 10ng/mL.



Statistical Analyses

Continuous variables are expressed as mean ± standard deviation (SD), Categorial variables were expressed as n (%). The differences between groups of continuous variables were evaluated by Student’s t-test or Mann-Whitney U-test and one-way analysis of variance (ANOVA) or Kruskal-Wallis test. Bonferroni-corrected p-values were used in multiple testing. The differences between groups of categorical variables were accessed by Chi-square test. In order to assess the correlation between serum RCAN2 concentrations and other variables, the data was analyzed by Pearson correlation or Spearman correlation test. Multiple liner regression analysis was conducted with naturally logarithmic transformed serum RCAN2 as dependent variable and other parameters as independent variables. Binary logistic regression analysis was performed to explore the risks of serum RCAN2 concentrations for overweight/obesity. The diagnostic value of serum RCAN2 or serum RCAN2/(AST/ALT) ratio for the obesity was accessed by the area under the receiver operating characteristic (ROC) curve (AUC). Two-tailed p < 0.05 was considered statistically significant. All statistical analysis and graphics were performed using SPSS 25.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 8.0 (GraphPad Software Inc., San Diego, CA, USA).




Results


Baseline Characteristics and Serum RCAN2 Concentrations of All Participants

Table 1 summarizes the clinical characteristics, biochemical parameters and serum RCAN2 concentrations of all participants. There were significant differences in the age, BW, BMI, WC, HC, WHR, SBP, DBP, WBC, NEU, ALT, AST, AST/ALT, GLO, A/G, TBIL, DBIL, IBIL, GGT, ALP, Urea, UA, TC, TG, HDL-C, LDL-C and FBG (all p < 0.05) among the three groups. RCAN2 concentrations were gradually increased (8.94 ± 3.10 ng/mL for NW vs. 9.98 ± 3.57 ng/mL for OW vs. 11.90 ± 6.16 ng/mL for OB, p < 0.001) (Figure 1A).


Table 1 | Baseline characteristics of participants according to BMI.






Figure 1 | Serum RCAN2 concentrations in subjects with normal weight, overweight and obesity (A). Serum RCAN2 concentrations in males and females with normal weight, overweight and obesity (B). Comparison of the overall level of RCAN2 between men and women (C). Comparison of RCAN2 concentrations in men and women across BMI categories (D). Proportion of overweight or obesity in different concentrations of serum RCAN2 (E). p values were derived from Mann–Whitney U test for serum RCAN2 concentrations, and chi-square test for the categorical variables. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, nsp > 0.05.



For further analysis, subjects have been divided into 6 groups combined BMI and gender, similar to Figure 1A, RCAN2 levels increased progressively with BMI categories in both males and females, although the difference in RCAN2 levels between normal weight and overweight in female subjects approached statistical significance (Figure 1B). As shown in Figure 1C, men have higher RCAN2 levels in general, compared with women (p < 0.01). We also compared the differences in RCAN2 levels between men and women in the same BMI classification, men with normal weight and overweight have significantly higher RCAN2 levels, but this difference was not significant in subjects with obese (Figure 1D).



Clinical Features and Prevalence of OW/OB by Tertiles of Serum RCAN2

All subjects were divided into three groups according to serum RCAN2 tertiles (lowest tertile: < 7.86 ng/mL; median tertile: 7.86-10.63ng/mL; highest tertile: > 10.63ng/mL). As shown in Supplementary Table 1, male ratio, age, BW, BMI, WC, WHR, SBP, DBP, ALT, AST, AST/ALT, TP, ALB, DBIL, GGT, UA, TC, TG, HDL-C, LDL-C, FBG, eGFR, and RCAN2 concentrations were significantly different between subjects in different serum RCAN2 tertiles (all p < 0.05). As displayed in the Figure 1E, the prevalence of OW/OB was rapidly increased in tandem with increasing tertile of serum RCAN2 concentrations (p < 0.001).



Correlations and Regression of Serum RCAN2 Concentrations With Clinical Parameters in the Study Population

Correlation analysis was used to investigate the relationship between metabolic parameters and serum RCAN2 concentrations. As depicted in Supplementary Table 2, serum RCAN2 concentrations were positively correlated with age, BMI, BW, SBP, DBP, WC, HC, WHR, ALT, AST, TP, ALB, GLO, GGT, Urea, UA, TC, TG, LDL-C, FBG and height; and negatively correlated with AST/ALT, DBIL, HDL-C (all p < 0.05) in all subjects. In the group with normal weight, serum RCAN2 concentrations were positively correlated with BW, height, WHR, SBP, DBP, ALT, AST, TP, ALB, GLO, GGT, TC, TG, LDL-C and FBG (all p < 0.05). In the overweight group, serum RCAN2 concentrations were positively correlated with age, BW, WHR, SBP, DBP, ALT, AST, IBIL, GGT, UA, Crea, TC and TG, negatively correlated with AST/ALT and eGFR (all p < 0.05). In the group with obesity, serum RCAN2 concentrations were positively correlated with AST/ALT, UA, TC and TG, and negatively correlated with WBC, NEU, and DBIL (all p < 0.05).

The independent variables associated with the concentration of serum RCAN2 were discussed by multiple linear regression analysis. As shown in Figure 2, all factors enter and stepwise regression analyses showed that group, TG and TC were independent variables affecting serum RCAN2 concentrations.




Figure 2 | Multiple regression analysis of variables independently related to serum RCAN2 concentrations in all subjects. The regression coefficients (β) and 95% confident interval (CI) from linear regression analysis were displayed. Serum RCAN2 concentrations were ln-transformed before analysis. The statistic of group: 1=NW, 2=OW, 3=OB.





Association of Serum RCAN2 Concentrations With Overweight and Obesity Risks

To investigate the relationship between serum RCAN2 concentrations and the risks of overweight and obesity, participants with overweight/obesity and normal weight were stratified into three parts based on serum RCAN2 tertiles. As shown in Table 2, univariate unconditional logistic regression analysis showed that subjects with the highest tertile of RCAN2 concentrations had 1.539-fold higher risk of obesity than those with the lowest tertile of RCAN2 concentrations (OR = 2.539, 95% CI 1.546-4.170, p < 0.001). After adjusting for age and sex in Model 1, the tendency still existed with an OR of 2.509 (95% CI 1.521-4.138, p < 0.001). In model 2, even further adjusting for WC, HC, WHR, WBC, NEU, ALT, AST, AST/ALT, TP, ALB, GLO, A/G, TBIL, DBIL, GGT, ALP, Urea, UA, Crea, FBG, HCY, eGFR, Height, and heart rate, the increased OR of obesity in the highest RCAN2 concentrations was also observed and higher than in model 1 (OR = 11.496, 95% CI 1.494 -88.475, p = 0.019). Similarly, subjects in the highest tertile of RCAN2 concentrations had an increased risk of overweight when compared with those in the lowest tertile of RCAN2 concentrations (Univariate, OR = 1.606, 95% CI 1.123-2.296, p = 0.009; Model 1, OR = 1.517, 95% CI 1.054-2.184, p = 0.025; Model 2, OR = 1.687, 95% CI 1.006-2.829, p = 0.048).


Table 2 | Unconditional logistic regression analysis of overweight and obesity risks according to the tertiles of serum RCAN2 concentrations and serum RCAN2 concentrations (ng/mL).



When considered as continuous variables, every 1-unit increase in serum RCAN2 concentrations was associated with 9.9%, 9.3%, and 10.2% increases, respectively, in risk of overweight in univariate model, model 1 and model 2. For obesity risk, in univariate model, model 1 and model 2, every 1-unit increase in serum RCAN2 concentrations was associated with an increased risk of 17.5%, 17.6% and 224.4%, respectively (Table 2).



Diagnostic Value of Serum RCAN2 and RCAN2/(AST/ALT) Concentrations for Obesity

In order to explore the diagnostic value of serum RCAN2 concentrations for obesity, ROC curve analysis was conducted. The ROC displayed in Figure 3A represent the diagnostic value of serum RCAN2 for distinguishing the participants with obesity from controls (AUC = 0.651, 95% CI 0.594-0.708, p < 0.001, sensitivity = 55.1%, specificity = 69.5%). Diagnosis value accuracy was improved when use serum RCAN2/(AST/ALT) ratio as a biomarker, with AUC of 0.818 (95% CI 0.774-0.861, p < 0.001), sensitivity of 76.0% and specificity of 75.4% (Figure 3B).




Figure 3 | Comparison for ROC curve analysis of serum RCAN2 (A), serum RCAN2/(AST/ALT) (B) in participants with OB and NW. ROC curves were derived by plotting the relationship between the specificity and the sensitivity at various cut off concentrations. ROC, receiver-operating characteristic; AUC, area under the curve.






Discussion

RCAN2 has been reported to significantly increase body weight in animal studies (17). To our knowledge, there is currently no evidence that serum RCAN2 concentrations are associated with overweight/obesity in humans. This study was the first clinical study to reveal the relationship between serum RCAN2 concentrations and overweight/obesity. In this present cross-sectional study, we found that serum RCAN2 concentrations were significantly increased in participants with overweight/obesity compared to participants with normal weight. Additionally, binary logistic regression analysis showed that serum RCAN2 concentration was associated with overweight/obesity. Finally, serum RCAN2, especially RCAN2/(AST/ALT) ratio was a candidate biomarker for the diagnostic of overweight/obesity.

In this study, serum RCAN2 concentrations were significantly correlated with BW, BMI, WHR, SBP, DBP, TC, TG, HDL-C and LDL-C. As we all know, these are adiposity-associated characteristics (20, 21). Overweight, obesity and weight gain are associated with increased risk of CVD like hypertension, and a significantly increased risk of mortality compared to people with normal BMI (22, 23). Fat accumulation, especially visceral adipose tissue accumulation leading to immune cell infiltration and increased secretion of vasoconstrictor mediators is an important cause of obesity promoting hypertension (24). The calcineurin inhibitors (CNIs; cyclosporine A and tacrolimus), whose use have been connected with several cardiovascular side effects such as hypertension, reduce eNOS activity and vasodilation after acetylcholine (ACh) stimulation (25, 26). We hypothesize that RCAN2 may affect blood pressure by indirectly influencing lipid metabolism leading to vascular lipid deposition and directly affecting vascular diastolic function.

Recently, Sun et al. found that knockout of RCAN2 in whole organism in mice can significantly reduce the age- and high-fat diet-induced obesity when compared to the wild type mice (17). Our results also showed that serum RCAN2 concentrations were significantly positively associated with age and body weight in all subjects. Furthermore, findings of the study imply that men and women have different RCAN2 levels. Previous research has demonstrated that the ability of RCAN2 to promote weight gain is diminished by 17β-estradiol-mediated energy depletion in female mice (27), and we speculate that perhaps this hormone may affect RCAN2 levels and antagonize each other with RCAN2 in affecting body weight.

Participants with the highest serum RCAN2 tertile had a significantly higher prevalence of overweight/obesity than subjects with the lowest serum RCAN2 tertile. A considerable percentage of persons with obesity do not have metabolic abnormalities, whereas people with normal body weight acquire metabolic disorders, this unusual phenomenon may be related to visceral fat deposition (28, 29). Abnormal lipid deposition may be the cause of medium/high RCAN2 in some subjects with normal weight.

Energy homeostasis is maintained through complex and interrelated regulatory processes, including the control of appetite and/or satiety mediated by neuroendocrine signals (30). RCAN2 has been reported to be an inhibitor of calcium phosphatase (9, 10); however, its distribution rarely coincides with that of calcineurin in most brain areas (31), and there was no significant difference in hypothalamic calcium phosphatase activity between RCAN2-/- and wild type mice (17). Therefore, RCAN2 may have a function independent of the inhibition of calcineurin (31). Hypothalamus communicates hunger and satiety, regulates appetite and other physiological functions, thereby participating in energy balance (32, 33). RCAN2 was widely expressed in the brain, particularly in dorsomedial (DMH), ventromedial (VMH), paraventricular (PVH) and other hypothalamic nuclei (17). These specialized hypothalamic nuclei sense and integrate signals of diverse hormones and nutrients, changing the expression, secretion and activity of specific neurotransmitters and neuromodulators (34). Therefore, we believed that RCAN2 may be involved in energy homeostasis mechanisms and its function on body weight is independent of leptin (17).

RCAN2 has two primary transcripts, RCAN2-3 and RCAN2-1 (formerly named ZAKI-4α and ZAKI-4β) (31, 35). RCAN2-3 is mainly distributed in the brain, while RCAN2-1 is mainly distributed in brain, heart, skeletal muscles, kidney, and liver (10). mRNA expression of RCAN2-3 was reduced in the cerebral cortex of hypothyroid mice. Injection of L-T3 resulted in increased expression of RCAN2-1 mRNA in the heart, whereas the expression of RCAN2-3 and RCAN2-1 mRNA was affected by thyroid hormone status in liver (10). In all subjects tested for FT3, there was no statistical difference in circulating FT3 concentrations between groups with normal weight, overweight and obesity (Supplementary Figure 1A). Meanwhile, subjects were divided into three groups according to the tertiles of serum RCAN2 concentrations. There were also no significant differences in the concentrations of circulating FT3 concentration among the three groups (Supplementary Figure 1B). Correlation analysis also indicated that serum RCAN2 concentrations were not associated with FT3 (data not shown). Hence, circulating FT3 may not affect serum RCAN2 concentrations.

The present study also has several limitations worth mentioning. Firstly, RCAN2 has two different splicing variants: RCAN2-1 and RCAN2-3. RCAN2-3 seems to play a major role in regulating body weight. The relationship between RCAN2-1 and RCAN2-3 and overweight/obesity was not investigated separately, so it is not clear which splicing variant is more important in regulating human weight. Secondly, all participants in this study were primarily from China. Therefore, the extrapolation of serum RCAN2 in participants with overweight/obesity diagnosed by BMI criteria should be conducted in other races. Thirdly, this is a cross-sectional study and therefore no causal a conclusion could be drawn between serum RCAN2 concentrations and the increased risk of overweight/obesity. Thus, larger longitudinal intervention studies are needed to confirm our findings in the future. Fourthly, small number and the relatively large span of BMI of participants with obesity led to increased data heterogeneity. In the future research, a larger population and further stratified analysis for obese adults are needed. Finally, all subjects were recruited from physical examination center, which may exist a selection bias. Despite these limitations, this study also has strength. This is the first study to investigate serum RCAN2 concentrations in participants with overweight/obesity and the findings indicated that RCAN2 is a risk factor for overweight/obesity.



Conclusion

This study found that serum RCAN2 concentrations were significantly increased in patients with overweight and obesity. The percentages of OW/OB subjects gradually increased in tandem with increasing tertiles of RCAN2. The increased serum RCAN2 concentrations were associated with the increased risks of overweight/obesity. Serum RCAN2, especially RCAN2/(AST/ALT) ratio might be the candidate diagnostic markers for obesity.



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 Human Research Ethics Committee of the Southwest Medical University Hospital (license number: KY2021086). The patients/participants provided their written informed consent to participate in this study.



Author Contributions

JF and YX conceived, designed and supervised the study; XT, QR, YZ, and TY provided research guidance; HW, XF, and QR collected the data and biological samples; HW, XF, and QR performed the measurements of serum RCAN2 concentrations; HW and XF analyzed the data and wrote the manuscript; and QR, YZ, XT, TY, JF, and YX critically reviewed and edited the manuscript. All authors read and approved the final manuscript.



Funding

The Natural Science Foundation of China (grant no. 81970676), the Doctor Initiation Fund of the Affiliated Hospital of Southwest Medical University (grant no. 19064), the Key Project of Natural Science of Southwest Medical University (grant no. 2020ZRZD003).



Acknowledgments

The authors are grateful to all the participant.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2022.857841/full#supplementary-material



References

1. World Health Organization. Obesity and Overweight. Available at: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight (Accessed 5 December 2021).

2. Nimptsch, K, Konigorski, S, and Pischon, T. Diagnosis of Obesity and Use of Obesity Biomarkers in Science and Clinical Medicine. Metabolism (2019) 92:61–70. doi: 10.1016/j.metabol.2018.12.006

3. Bluher, M. Obesity: Global Epidemiology and Pathogenesis. Nat Rev Endocrinol (2019) 15(5):288–98. doi: 10.1038/s41574-019-0176-8

4. Bluher, M. Metabolically Healthy Obesity. Endocr Rev (2020) 41(3):bnaa004. doi: 10.1210/endrev/bnaa004

5. World Health Organization. Global Health Observatory (Gho) Data. In: Overweight and Obesity. Available at: http://www.who.int/gho/ncd/risk_factors/overweight/en/ (Accessed 5 December 2021).

6. Upadhyay, J, Farr, O, Perakakis, N, Ghaly, W, and Mantzoros, C. Obesity as a Disease. Med Clin North Am (2018) 102(1):13–33. doi: 10.1016/j.mcna.2017.08.004

7. Bray, GA, Heisel, WE, Afshin, A, Jensen, MD, Dietz, WH, Long, M, et al. The Science of Obesity Management: An Endocrine Society Scientific Statement. Endocr Rev (2018) 39(2):79–132. doi: 10.1210/er.2017-00253

8. Miyazaki, T, Kanou, Y, Murata, Y, Ohmori, S, Niwa, T, Maeda, K, et al. Molecular Cloning of a Novel Thyroid Hormone-Responsive Gene, Zaki-4, in Human Skin Fibroblasts. J Biol Chem (1996) 271(24):14567–71. doi: 10.1074/jbc.271.24.14567

9. Kingsbury, TJ, and Cunningham, KW. A Conserved Family of Calcineurin Regulators. Genes Dev (2000) 14(13):1595–604. doi: 10.1101/gad.14.13.1595

10. Mizuno, Y, Kanou, Y, Rogatcheva, M, Imai, T, Refetoff, S, Seo, H, et al. Genomic Organization of Mouse Zaki-4 Gene That Encodes Zaki-4 Alpha and Beta Isoforms, Endogenous Calcineurin Inhibitors, and Changes in the Expression of These Isoforms by Thyroid Hormone in Adult Mouse Brain and Heart. Eur J Endocrinol (2004) 150(3):371–80. doi: 10.1530/eje.0.1500371

11. Cao, X, Kambe, F, Miyazaki, T, Sarkar, D, Ohmori, S, and Seo, H. Novel Human Zaki-4 Isoforms: Hormonal and Tissue-Specific Regulation and Function as Calcineurin Inhibitors. Biochem J (2002) 367(Pt 2):459–66. doi: 10.1042/bj20011797

12. Siddiq, A, Miyazaki, T, Takagishi, Y, Kanou, Y, Hayasaka, S, Inouye, M, et al. Expression of Zaki-4 Messenger Ribonucleic Acid in the Brain During Rat Development and the Effect of Hypothyroidism. Endocrinology (2001) 142(5):1752–9. doi: 10.1210/endo.142.5.8156

13. Gollogly, LK, Ryeom, SW, and Yoon, SS. Down Syndrome Candidate Region 1-Like 1 (Dscr1-L1) Mimics the Inhibitory Effects of Dscr1 on Calcineurin Signaling in Endothelial Cells and Inhibits Angiogenesis. J Surg Res (2007) 142(1):129–36. doi: 10.1016/j.jss.2006.10.011

14. Niitsu, H, Hinoi, T, Kawaguchi, Y, Sentani, K, Yuge, R, Kitadai, Y, et al. Kras Mutation Leads to Decreased Expression of Regulator of Calcineurin 2, Resulting in Tumor Proliferation in Colorectal Cancer. Oncogenesis (2016) 5(8):e253. doi: 10.1038/oncsis.2016.47

15. Hattori, Y, Sentani, K, Shinmei, S, Oo, HZ, Hattori, T, Imai, T, et al. Clinicopathological Significance of Rcan2 Production in Gastric Carcinoma. Histopathology (2019) 74(3):430–42. doi: 10.1111/his.13764

16. Mammarella, E, Zampieri, C, Panatta, E, Melino, G, and Amelio, I. Nuak2 and Rcan2 Participate in the P53 Mutant Pro-Tumorigenic Network. Biol Direct (2021) 16(1):11. doi: 10.1186/s13062-021-00296-5

17. Sun, XY, Hayashi, Y, Xu, S, Kanou, Y, Takagishi, Y, Tang, YP, et al. Inactivation of the Rcan2 Gene in Mice Ameliorates the Age- and Diet-Induced Obesity by Causing a Reduction in Food Intake. PloS One (2011) 6(1):e14605. doi: 10.1371/journal.pone.0014605

18. Zhao, J, Li, SW, Gong, QQ, Ding, LC, Jin, YC, Zhang, J, et al. A Disputed Evidence on Obesity: Comparison of the Effects of Rcan2(-/-) and Rps6kb1(-/-) Mutations on Growth and Body Weight in C57bl/6j Mice. J Zhejiang Univ Sci B (2016) 17(9):657–71. doi: 10.1631/jzus.B1600276

19. Zhou, BF. Predictive Values of Body Mass Index and Waist Circumference for Risk Factors of Certain Related Diseases in Chinese Adults–Study on Optimal Cut-Off Points of Body Mass Index and Waist Circumference in Chinese Adults. Biomed Environ Sci BES (2002) 15(1):83–96.

20. Vekic, J, Zeljkovic, A, Stefanovic, A, Jelic-Ivanovic, Z, and Spasojevic-Kalimanovska, V. Obesity and Dyslipidemia. Metabolism (2019) 92:71–81. doi: 10.1016/j.metabol.2018.11.005

21. Mouton, AJ, Li, X, Hall, ME, and Hall, JE. Obesity, Hypertension, and Cardiac Dysfunction: Novel Roles of Immunometabolism in Macrophage Activation and Inflammation. Circ Res (2020) 126(6):789–806. doi: 10.1161/circresaha.119.312321

22. Khan, SS, Ning, H, Wilkins, JT, Allen, N, Carnethon, M, Berry, JD, et al. Association of Body Mass Index With Lifetime Risk of Cardiovascular Disease and Compression of Morbidity. JAMA Cardiol (2018) 3(4):280–7. doi: 10.1001/jamacardio.2018.0022

23. Shihab, HM, Meoni, LA, Chu, AY, Wang, N-Y, Ford, DE, Liang, K-Y, et al. Body Mass Index and Risk of Incident Hypertension Over the Life Course: The Johns Hopkins Precursors Study. Circulation (2012) 126(25):2983–9. doi: 10.1161/CIRCULATIONAHA.112.117333

24. Koenen, M, Hill, MA, Cohen, P, and Sowers, JR. Obesity, Adipose Tissue and Vascular Dysfunction. Circ Res (2021) 128(7):951–68. doi: 10.1161/CIRCRESAHA.121.318093

25. Keogh, A. Calcineurin Inhibitors in Heart Transplantation. J Heart Lung Transplant (2004) 23(5 Suppl):S202–S6. doi: 10.1016/j.healun.2004.03.008

26. Yuan, Q, Yang, J, Santulli, G, Reiken, SR, Wronska, A, Kim, MM, et al. Maintenance of Normal Blood Pressure Is Dependent on Ip3r1-Mediated Regulation of Enos. Proc Natl Acad Sci USA (2016) 113(30):8532–7. doi: 10.1073/pnas.1608859113

27. Ding, L-C, Gong, Q-Q, Li, S-W, Fu, X-L, Jin, Y-C, Zhang, J, et al. Rcan2 and Estradiol Independently Regulate Body Weight in Female Mice. Oncotarget (2017) 8(29):48098–109. doi: 10.18632/oncotarget.18259

28. Hamer, M, and Stamatakis, E. Metabolically Healthy Obesity and Risk of All-Cause and Cardiovascular Disease Mortality. J Clin Endocrinol Metab (2012) 97(7):2482–8. doi: 10.1210/jc.2011-3475

29. Elagizi, A, Kachur, S, Lavie, CJ, Carbone, S, Pandey, A, Ortega, FB, et al. An Overview and Update on Obesity and the Obesity Paradox in Cardiovascular Diseases. Prog Cardiovasc Dis (2018) 61(2):142–50. doi: 10.1016/j.pcad.2018.07.003

30. San-Cristobal, R, Navas-Carretero, S, Martínez-González, M, Ordovas, JM, and Martínez, JA. Contribution of Macronutrients to Obesity: Implications for Precision Nutrition. Nat Rev Endocrinol (2020) 16(6):305–20. doi: 10.1038/s41574-020-0346-8

31. Porta, S, Martí, E, de la Luna, S, and Arbonés, ML. Differential Expression of Members of the Rcan Family of Calcineurin Regulators Suggests Selective Functions for These Proteins in the Brain. Eur J Neurosci (2007) 26(5):1213–26. doi: 10.1111/j.1460-9568.2007.05749.x

32. Tzameli, I. Appetite and the Brain: You Are What You Eat. Trends Endocrinol Metabol: TEM (2013) 24(2):59–60. doi: 10.1016/j.tem.2012.12.001

33. Rohde, K, Keller, M, la Cour Poulsen, L, Blüher, M, Kovacs, P, and Böttcher, Y. Genetics and Epigenetics in Obesity. Metabolism (2019) 92:37–50. doi: 10.1016/j.metabol.2018.10.007

34. Joly-Amado, A, Cansell, C, Denis, RG, Delbes, AS, Castel, J, Martinez, S, et al. The Hypothalamic Arcuate Nucleus and the Control of Peripheral Substrates. Best Pract Res Clin Endocrinol Metab (2014) 28(5):725–37. doi: 10.1016/j.beem.2014.03.003

35. Davies, KJ, Ermak, G, Rothermel, BA, Pritchard, M, Heitman, J, Ahnn, J, et al. Renaming the Dscr1/Adapt78 Gene Family as Rcan: Regulators of Calcineurin. FASEB J (2007) 21(12):3023–8. doi: 10.1096/fj.06-7246com




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 Wang, Fang, Ren, Zeng, Tan, Ye, Fan 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/Images/fendo.2022.857841_cover.jpg
, frontiers | Frontiers in Endocrinology

Association Between
Circulating Regulator of
Calcineurin 2 Concentrations
With Overweight and Obesity





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Association Between Circulating Regulator of Calcineurin 2 Concentrations With Overweight and Obesity

      

        		

          Background

        



        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Study Population and Design

        

          		

            Clinical and Anthropometric Parameters

          



          		

            Measurement of Biochemical Parameters

          



          		

            Measurements of Serum Concentrations of RCAN2

          



          		

            Statistical Analyses

          



        



        



        		

          Results

        

          		

            Baseline Characteristics and Serum RCAN2 Concentrations of All Participants

          



          		

            Clinical Features and Prevalence of OW/OB by Tertiles of Serum RCAN2

          



          		

            Correlations and Regression of Serum RCAN2 Concentrations With Clinical Parameters in the Study Population

          



          		

            Association of Serum RCAN2 Concentrations With Overweight and Obesity Risks

          



          		

            Diagnostic Value of Serum RCAN2 and RCAN2/(AST/ALT) Concentrations for Obesity

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Measurement RCANZ tertles RCAN2 Concentrations (ng/ml)

Lowest OR (55%C1) Median OR (95%C1) Highest OR (95%C1)
Range (ng/mL) <786 7861065 1063 .

RCANZ in OW vs. controls

OWicontrols 12130 1ama 135595 o348
Univariate 1 (etoence) 1,078 (0974-1.949) 1606 (1.123-2.206) 1,099 (1.051-1.150)
p-valuo 0070 0009 <0001
Model 1 1 (etoence) 1340 (0945-1.900) 1517 (1.054-2:184) 1,095 (1.044-1.144)
p-valuo o101 0025 <0001
Model 2 1 etorence) 1401 (0873:2248) 1,687 (1.006-2:829) 1,102 (1.031-1.477)
pvaluo 0163 0048 0008
RCANZ i OB vs. controls

0B controls 347139 aanta 50095 1271048
Univariate 1 (wtorence) 1219(0713:2084) 2599 (1.546-4.170) 1475 (1.112-1.262)
P-valvo 068 <0001 <0001
Model 1 1 etorence) 1197 (0697-2057) 2500 (1.521-4.138) 1176 (1.112:1.249)
P-valvo 0515 <0001 <0001
Model 2 1 (etorence) 0795 (0.096:6:576) 11496 (1.404-88.475) 3244 (1199-8.777)
p.valuo 0%z 0019 0020

Mot ocks atos (ORS) ad 95% confdance nfels () rom uncondtonslOgS: 1oression modkls wer appled ntho anayss. Bodfont incated p < 0.05.
odel 1 adjsted or age nd o
ook 2 adhuated for Moo T+ WE: HE. WHR, WOC NBLLALT, AST. ASTIALT. TP, ALB. GLO, G, THI, DBL. B, GGT. ALP. hea LA, Cree; FBU, HCY, 6GAR. Heboht Hewt Rats.





OEBPS/Images/fendo-13-857841-g001.jpg
W Normol Weight
O overweight

B ovesity

<0001

20

(w/Bu) ZNYOY wies.

(qw/Bu) ZNYOY winios

Female

Male

<0001

(%) BO/MO Jo uoodosg

W Male

671

E

8 8% R

20
1
1

(w/Bu) ZNYOY wnies

<00t

© 2 &

(wBu) ZNVOY wnieg






OEBPS/Images/fendo-13-857841-g003.jpg
Serum RCAN2
AUC=0.651 (0.594-0.708)
P00

‘Serum ROANZ/(ASTIALT)
AUC=0.818 (0.774.0.861)
P<0.001

°80 0z o4 os o5 10
e

0z

04 os
1-Specificiy

10





OEBPS/Images/fendo-13-857841-g002.jpg
e

Group,

.

Group

o

et

Stopuise Rix0.199

spmiaand
008 @ot00.147)
0044 (0008.0079)
0142 00s00200)
0062 0015:0.109)
0073 0550091
0060 00320088
0001 (0.001.0.000)
0013 0006.0020)
0010 (0016-0005)
0006 (0003:0008)

0003 (00010005

Lt

oo

oote

oo

o000

o000

oont

o000

000

o007





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





OEBPS/Images/table1.jpg
Variables Normal Weight (1=348) ‘Overweight (1=397) Obesity P value
Anthropometric paramoters

Malo 218 €26) 259 652) 81 (639) -
Age (year) 3863+ 1072 4046+ 1062° 394421058 o042
BW (k) 5961+676 6979 7.31° 8584 2 16.06% <0001
Hoight (cm) 165,00+ 761 164.46 2 7.60 16568 937 0307
BMI (cg/m’) 21892143 25752 106" 31.02330° <0001
W (cm) 77792591 8530 634" 9665 2 1025 <0001
Malo 78692 6.11° 87,56 1.5.36% 10004 £9.74% -
Fomalo 76272523 81132590 9067 820° =
HC (em) 93222485 97.69 452" 10594 £7.45% <0001
Malo 03172469 98,06+ 450% 107.19 2 772 Z
Fomalo. 93312516 9699451 10076 £ 639 =
WHR 0832005 0872005 0912006® <0001
Malo 0842005° 0892008 0933005% &
Fomalo, 0822008 0812051 0872050° -
SBP (mmHg) 178821419 12294 2 1322 13021 £ 14.68% <0001
DBP (mmHg) 70732052 75822 987" 7926+ 11.18% <0001
Hoart Rato. 839551174 831711094 85802 1056 0053
Metabolic parameters

WBC (10%81L) 6002159 6431440 7181175% <0001
NEU (10%01) 3492127 3742112 4192126% <0001
ALT (UIL) 2099980 310422147 4523 2 42609 <0001
AST (UL 21472565 2469+ 1055° 2826+ 16.08% <0001
ASTIALT 1152043 0932 033" 078.2029° <0001
™ (g 72272343 72342332 72782316 0448
ALS (/L) 46662233 46512225 1632233 0216
GLO (1) 25612262 25812260 26482277 o016
NG 1842021 182022 1772022 0008
TBIL (umoi) 16201617 1495 1 6.46" 14001 6240 <0001
DBIL (mol/L) 4661183 4152180 388166 <0001
BIL (umol/L) 11542448 1080 < 485 10242 478" <0001
GGT (UIL) 2399+ 1988 3831 23881 490225328 <0001
ALP (U1L) 7000+ 1978 7347 2 19.78° 7845 2 1079 <0001
Urea (mmoliL) 4952114 5002109 4852102 0047
UA (umol/L) 21952773 35142 £8300° 3836829202 <0001
Crea (umol/L) 6638+ 1248 67072 1232 65462 1227 03
TC (mmoii) 4751086 481087 5051091 o007
TG (mmoiAL) 1261100 1895 155" 250:259° <0001
HDL-C (mmoirt) 146035 1242029 1.142020% <0001
LDL-C (mmolft) 3072088 3192086 3491092 <0001
FBG (mmoirL) 5052116 53221140 5681175 <0001
HCY (umolrL) 11932676 1241279 11952747 0639
CGFR(mi/min) 1209222126 1219222090 12605 22209 o107
ROANZ (ng/mL) 8942310 998357 119026.16° <0001
Malo 8912303° 10042361 119626.13" -
Femal 8962307 9921357 11902617 -

Contiuous varatsos o axprassad s o SO, Categord varaios wexd axpros 5 (). vabos woro oo om ooy andysis ofarianco ANOVA) o Kiusia ks st
o contnsous variabis.

o< 0.05 comparod wth pomal ot roxp:

% < 0,05 comparod wih ovorwoigt roup.

e OB CORE eSS Rt IF co s dlia i Dol I Bl 5 008,





