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Background

As a damage-associated molecular pattern protein, high mobility group box 1 (HMGB1) is associated with kidney and systemic inflammation. The predictive and therapeutic value of HMGB1 as a biomarker has been confirmed in various diseases. However, its value in diabetic kidney disease (DKD) remains unclear. Therefore, this study aimed to investigate the correlation between serum and urine HMGB1 levels and DKD progression.





Methods

We recruited 196 patients with type 2 diabetes mellitus (T2DM), including 109 with DKD and 87 T2DM patients without DKD. Additionally, 60 healthy participants without T2DM were also recruited as controls. Serum and urine samples were collected for HMGB1 analysis. Simultaneously, tumor necrosis factor receptor superfamily member 1A (TNFR-1) in serum and kidney injury molecule (KIM-1) in urine samples were evaluated for comparison.





Results

Serum and urine HMGB1 levels were significantly higher in patients with DKD than in patients with T2DM and healthy controls. Additionally, serum HMGB1 levels significantly and positively correlated with serum TNFR-1 (R2 = 0.567, p<0.001) and urine KIM-1 levels (R2 = 0.440, p<0.001), and urine HMGB1 has a similar correlation. In the population with T2DM, the risk of DKD progression increased with an increase in serum HMGB1 levels. Multivariate logistic regression analysis showed that elevated serum HMGB1 level was an independent risk factor for renal function progression in patients with DKD, and regression analysis did not change in the model corrected for multiple variables. The restricted cubic spline depicted a nonlinear relationship between serum HMGB1 and renal function progression in patients with DKD (p-nonlinear=0.007, p<0.001), and this positive effect remained consistent across subgroups.





Conclusion

Serum HMGB1 was significantly correlated with DKD and disease severity. When the HMGB1 level was ≥27 ng/ml, the risk of renal progression increased sharply, indicating that serum HMGB1 can be used as a potential biomarker for the diagnosis of DKD progression.
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1 Introduction

Diabetes mellitus is a major cause of chronic kidney disease (CKD) worldwide and is a strong risk factor for the progression of CKD to end-stage renal disease (ESRD) (1, 2). Diabetic kidney disease (DKD) affects up to 40% of patients with diabetes and is associated with a substantial incidence and mortality of ESRD and cardiovascular events (3, 4). The mortality risk associated with early-stage DKD is much higher than that associated with CKD or diabetes without DKD (5). The estimated glomerular filtration rate (eGFR) and albuminuria are established markers for assessing renal function progression (6, 7). However, there is a significant difference between albuminuria and renal impairment in diabetic neuropathy, and DKD can occur without increased albuminuria and subsequent progression to ESKD (8, 9). On the other hand, owing to the regulation of complex environmental and genetic factors, there is heterogeneity in the progression rate of CKD in patients with diabetes, which is manifested by the rapid decrease in the eGFR in some populations with DKD. Conversely, others experience a more indolent course (10, 11). Therefore, it is necessary to identify new biomarkers that can reliably predict the development and progression of DKD.

Over the past decade, many new biomarkers have been evaluated and provided insight into the pathophysiology of kidney disease progression in the context of diabetes. Inflammation is of particular importance (12, 13). Inflammation plays a crucial role in the development and progression of DKD. Persistent inflammation leads to glomerulosclerosis and renal fibrosis, which in turn lead to proteinuria and decreased glomerular filtration rate (14). Numerous inflammation-related molecules, as biomarkers, have been found to be strongly correlated with the progression and prognosis of DKD (13). For example, kidney risk inflammatory signature, composed of 17 proteins including the tumor necrosis factor, is associated with a 10-year risk of ESRD by promoting the inflammatory process of diabetes (15). A study of 2553 participants with normoalbuminuria at a median follow-up of 6.1 years found that TNFR-1 (hazard ratio [HR]=4.2) and TNFR-2 (HR=2.3) were associated with renal outcomes in patients with type 2 diabetes and normoalbuminuria, whereas KIM-1 did not find an association with renal outcomes (16). Similarly, another study reported that TNFR-1 is associated with the risk of kidney failure with replacement therapy in adults with diabetes (HR=1.91) (12). High mobility group box 1 (HMGB1), as an important pro-inflammatory factor, has been found to be elevated in many metabolic and immune diseases, including sepsis (17), rheumatoid arthritis (18), and Alzheimer’s disease (19), and significantly correlated with their progression and prognosis. We recently noticed that HMGB1 activation in kidney disease promotes multiple key events in CKD progression by activating downstream signals, including kidney inflammation, development of persistent fibrosis, kidney aging, acute kidney injury to CKD transition, and important cardiovascular complications (20). Several clinical studies have also shown that elevation of the HMGB1 level is significantly correlated with kidney disease progression (21–23). Furthermore, on the basis of the Nephroseq database, we found an increase of HMGB1 expression in CKD and a significant correlation with eGFR and proteinuria (Figure 1). However, the potential role of HMGB1 as a biomarker for the occurrence and progression of DKD has not yet been investigated.




Figure 1 | Expression of HMGB1 in different kidney diseases and its correlation with eGFR and proteinuria based on Nephroseq database. (A) expression of HMGB1 in nephrosclerosis, (B) expression of HMGB1 in CKD, (C) correlation between average HMGB1 expression and eGFR, (D) correlation between average HMGB1 expression and proteinuria. **P < 0.01, n.s. = no significance.



Therefore, in this study, we attempted to investigate the relationship between serum and urine HMGB1 levels and the occurrence and progression of DKD. To verify this, serum tumor necrosis factor receptor superfamily member 1A (TNFR-1) and urine kidney injury molecule (KIM-1), previously reported biomarkers significantly associated with the prognosis of DKD, were also evaluated for comparison.




2 Methods



2.1 Study design and population

In this cross-sectional study, we recruited 256 participants as the study set from Guang’anmen Hospital of the Chinese Academy of Traditional Chinese Medicine and China-Japan Friendship Hospital from May 2016 to December 2022, including 87 type 2 diabetes mellitus (T2DM) patients without CKD, 109 with DKD, and 60 healthy control participants, and another 42 participants from Dongzhimen Hospital Affiliated to Beijing University of Chinese Medicine (including 15 T2DM patients without CKD, 22 with DKD, and 5 healthy control participants) were included in this study as the validation set. We performed power analysis based on G*Power (Version 3.1.9.7) software to ensure the sample size of each subgroup is sufficient. The inclusion and exclusion criteria of the validation set were the same as those of the study set. The diagnosis of T2DM is based on the guidelines of the American Diabetes Association (ADA) (glycosylated hemoglobin level of 6.5%, fasting blood glucose level of 126 mg/dl, and/or random blood glucose level of 200 mg/dl) (24). The diagnostic criteria of DKD were based on the guidelines of the National Kidney Foundation’s Quality Initiative for Renal Disease Outcomes (NKF-KDOQI) (25), i.e., urinary albumin excretion rate of ≥30 mg/24 hours or abnormal eGFR of <60 mL/min/1.73 m2. Individuals with type 1 diabetes, autoimmunity, infection, liver dysfunction, cancer, kidney replacement therapy, or cardiovascular diseases with serious complications were excluded. We also excluded patients with non-DKD, according to previously described (26). Including: 1) diabetes duration less than 5 years; 2) rapid decline of eGFR; 3) rapid increase of urinary albumin or nephrotic syndrome; 4) active urinary sediment (red blood cell, white blood cell or cell tube type); 5) intractable hypertension; 6) combined with other systemic diseases. This study was approved by the Ethics Committee of Guang’anmen Hospital of the Chinese Academy of Traditional Chinese Medicine, Dongzhimen Hospital Affiliated to Beijing University of Chinese Medicine and China-Japan Friendship Hospital respectively, and all participants gave informed consent.




2.2 Data collection

All participants were instructed to complete a questionnaire that included their demographic characteristics (age, sex, height, and weight), living habits (smoking and drinking), medical history (duration of type 2 diabetes, hypertension, cardiovascular disease, hyperlipidemia, and fatty liver disease), and standard laboratory functional test results (values of hemoglobin, urinary microalbumin, and 24-hour urine protein quantification). eGFR was evaluated according to the 2009 Chronic Kidney Disease Epidemiology Collaboration formula (27). Blood and urine samples were obtained from all participants. Blood samples were centrifuged at 3000 rpm for 10 minutes, and the supernatant was kept at -80 °C. Urine samples were centrifuged at 1500 rpm for 10 minutes, and the supernatant was kept at -80 °C.




2.3 Laboratory tests of HMGB1

Both serum and urine HMGB1 levels were detected using the human high-mobility group protein B1 (HMGB1) enzyme-linked immunosorbent assay (ELISA) kit (E-EL-H1554c, Elabscience), and ELISA was performed according to the manufacturer’s instructions. The coefficient of inter-assay and intra-assay variation was <10%. All measurements were repeated thrice horizontally, and the average of these values was used to prevent measurement bias. Additionally, urine HMGB1 levels were corrected for urinary creatinine levels.




2.4 Measurement of TNFR-1 and KIM-1 levels

According to the manufacturer’s instructions, the human tumor necrosis factor receptor superfamily member 1A (TNFRSF1A) ELISA kit (E-EL-H0217c, Elabscience) and the human kidney injury molecule 1 (KIM-1) ELISA kit (E-EL-H6029, Elabscience) were used to quantify the contents of TNFR-1 in the serum samples and KIM-1 in the urine samples, respectively. The coefficient of inter-assay and intra-assay variation was <10%. All samples were measured thrice horizontally, and the average of these values was used to prevent measurement bias. Moreover, urinary KIM-1 levels were corrected for urinary creatinine levels.




2.5 Statistical analysis

Descriptive statistics were used to determine the baseline characteristics of the study population. The results are reported using descriptive statistical methods, where the continuous variables are continuously presented as variables with normal or non-normal distribution through means and standard deviations (SD) or medians and interquartile ranges (IQRs), and categorical variables are presented as quantities and percentages. We used t-tests, one-way analysis of variance, and Kruskal–Wallis tests to analyze the relationship between continuous variables for comparison between different groups; the chi-square test was used to analyze the relationship between categorical variables. Correlations between different indicators were tested using the Spearman correlation test. The relationship between serum HMGB1 and CKD stage was tested using ordinal logistic regression. While, some potential confounders were corrected in the multivariate regression models. Receiver-operator characteristic (ROC) curves were drawn, and the performance of serum and urine HMGB1 were evaluated by the area under the curve (AUC). Considering the possible non-monotonic effects between serum HMGB1 and renal function progression in DKD, we also used restricted cubic spline (RCS) fitting univariate and multivariate regression models to flexibly model and visualize the nonlinear relationship between serum HMGB1 levels and the risk of DKD progression (28). To get the best fitting effect, we fitted the model with the number of knots between 3-7 separately, and selected the knots corresponding to the lowest value for the akaike information criterion (AIC) as the number of knots. We set the median of the first quartile of serum HMGB1 as the reference. To test for potential nonlinearity, a likelihood ratio test was used to compare the RCS model with a model containing only linear terms. A two-tailed p-value of <0.05 was considered significant. All statistical analyses were performed using SPSS statistics 25.0 (SPSS, Inc., Chicago, IL, USA) and R software, version 4.2.2, along with MSTATA software (www.mstata.com).





3 Results



3.1 Basic characteristics of the study population

The demographic characteristics of the participants are presented in Table 1. Among the 256 participants, 109 had DKD, 87 had T2DM, and 60 were healthy control, and there were 130 males (50.78%) with an average age of 57.71 ± 9.69 years and a body mass index (BMI) of 24.70 ± 3.36 kg/m2. Less than a quarter of the participants reported smoking (20.31%) or drinking (21.48%).


Table 1 | Baseline demographic and clinical characteristics of the study population.



Compared with T2DM patients without CKD and healthy controls, patients with DKD were older and there was significant predominance in male sex, duration of diabetes, hypertension, cardiovascular disease, smoking, and alcohol consumption. Among the population with DKD, while there was no statistically significant difference in LDL-C and hs-CRP between T2DM patients without CKD and healthy controls.




3.2 Elevation of the HMGB1 level in the population with DKD

The serum HMGB1 levels in the population with DKD was significantly higher than that in the population with long-term diabetes but without CKD or in healthy control people without diabetes (52.03 ± 28.45 v.s. 19.87 ± 12.82 and 19.81 ± 10.01) (Figure 2A). Urine HMGB1 levels corrected by urinary creatinine levels showed results similar to serum HMGB1 levels (Figure 2B). Notably, we found a significant positive correlation between serum and urine HMGB1 levels in this population (R2 = 0.477, p<0.001) (Figure 2C).




Figure 2 | Serum and urine HMGB1 were significantly elevated in DKD population and correlated with TNFR-1 and KIM-1. (A) serum HMGB1 levels in the study population, (B) urine HMGB1 levels in the study population, (C) correlation between serum and urine HMGB1, (D) urine KIM-1/Cr levels in the study population, (E) correlation between serum HMGB1 and urine KIM-1/Cr, (F) correlation between urine HMGB1 and KIM-1/Cr, (G) serum TNFR-1 levels in the study population, (H) correlation between serum HMGB1 and TNFR-1, (I) correlation between urine HMGB1 and serumTNFR-1, (J) correlation between serum HMGB1, urine KIM-1 and serum TNFR-1 and proteinuria and renal function progression, (K) the performance of serum HMGB1, urine KIM-1 and serum TNFR-1 to identify DKD based on the ROC curve. n.s. = no significance.



Urine KIM-1 is a known and confirmed marker of renal tubular injury. Consistent with previous reports (29), we found that KIM-1 levels corrected for urinary creatinine levels were significantly elevated in the population with DKD (Figure 2D), and there was a significant correlation between serum HMGB1 and urine KIM-1 levels (R2 = 0.440, p<0.001) (Figure 2E). Similarly, creatinine-corrected urinary HMGB1 levels were significantly correlated with KIM-1 levels (R2 = 0.604, p<0.001) (Figure 2F).

More importantly, recent study reported that TNFR-1 expression is strongly correlated with the prognosis of DKD. Every unit of TNFR-1 increased the risk of DKD renal function decline by 117% (30). We also found that serum TNFR-1 levels were significantly elevated in the population with DKD (2.84 ± 0.95 v.s. 2.21 ± 0.34 and 2.10 ± 0.41) (Figure 2G), and there was a significant correlation between serum HMGB1 and serum TNFR-1 levels (R2 = 0.567, p<0.001) (Figure 2H). Moreover, there was a significant correlation between creatinine-corrected urine HMGB1 levels and serum TNFR-1 levels (Figure 2I). (R2 = 0.289, p<0.001). More importantly, we found that serum HMGB1 showed a higher correlation with proteinuria and renal function progression compared to urine KIM-1 and serum TNFR-1(Figure 2J), and its efficacy in predicting DKD occurrence was better (Figure 2K).




3.3 Association of the HMGB1 levels with DKD‐related traits

Next, we found that the levels of HMGB1 in serum and urine are related to age, duration of diabetes, the proportion of hypertension and CVD (Table 2, Figure 2A). In addition, serum HMGB1 is also related to sex and smoking status (Table 2). We further found that serum and urine HMGB1 levels were significantly correlated with clinical indicators related to DKD (Table 2, Figure 3A), and the diagnostic efficacy of serum HMGB1 for the occurrence of DKD was better than that of corrected urine HMGB1 (AUC=0.892 v.s. AUC=0.792) (Figure 3B). Therefore, serum HMGB1 levels were selected for further analyses.


Table 2 | Association of serum HMGB1 with various patient characteristics.






Figure 3 | Association of the HMGB1 levels with DKD‐related traits. (A) correlation of serum and urine HMGB1 and DKD related variables based on Spearman correlation test, (B) the performance of serum and urine HMGB1 to identify DKD based on the ROC curve.






3.4 Correlations between serum HMGB1 and other variables

To determine the relationship between serum HMGB1 levels and DKD progression-related variables, we divided the included population into four groups according to the quartiles of serum HMGB1 levels, and the baseline characteristics of the included participants are shown in Table 3. Age, male proportion, duration of diabetes, hypertension proportion, CVD proportion, smokers’ proportion, and serum TNFR-1 levels increased with increasing serum HMGB1 levels (all p values < 0.05). Additionally, HGB levels decreased in the highest quartile of serum HMGB1 levels. The differences in blood lipid levels were not statistically significant (all p values > 0.05). Importantly, we found that an increase in the quartile of serum HMGB1 levels was associated with an increased incidence of renal function decline and an increased number of patients with higher CKD stages compared with the lowest quartile (Table 3) (all p values < 0.05). This indicates that there is a dose-response relationship between serum HMGB1 levels and the renal progression of DKD.


Table 3 | Clinical and biochemical parameters for participants, according to quartile of Serum HMGB1 levels.






3.5 Dose-response relationships of serum HMGB1 with the risk of kidney function decline in DKD

Based on univariate and multivariate logistic regression, we found that higher HMGB1 levels significantly increased the risk of renal function decline compared with the first quartile (Table 4, Figure 4), and we constructed three additional multivariate logistic regression models to adjust for confounding variables. As Table 4 shows, elevated serum HMGB1 levels remained an independent risk factor for renal function decline in DKD.


Table 4 | OR and 95% CI for kidney function decline in each quartile based on univariate and multivariate logistic regression.






Figure 4 | Forest plot of quartile of serum HMGB1 levels and DKD-related variables based on logistic regression.



Next, we constructed an RCS model to flexibly visualize the relationship between serum HMGB1 levels and DKD progression on a continuous scale with or without correction for covariates. We observed an inverted J-shaped nonlinear relationship between serum HMGB1 levels and eGFR (p-nonlinear=0.007, p<0.001, knots=6, AIC=2137.97), after excluding the confounding factors of age, sex, hypertension, smokers, and duration of diabetes. When the concentration of HMGB1 was <27 ng/ml, the risk of renal function decline in DKD was stable (OR per SD=0.82, p=0.017). In contrast, when the concentration of serum HMGB1 was ≥27 ng/ml, the risk of renal function decline rapidly increases (OR per SD=0.53, p<0.001) (Table 5, Figure 5A). When adjusting for confounders, we found no nonlinear relationship between serum HMGB1 and UACR (p-nonlinear=0.071, p<0.001, knots=5, AIC=3500.54, Table 5, Figure 5B. Additionally, a similar relationship was observed between serum HMGB1 and UTP (p-nonlinear=0.011, p<0.001, knots=7, AIC=4417.18). Serum HMGB1 and UTP also showed a J-shaped relationship, after excluding the confounding factors of age, sex, hypertension, smokers, and duration of diabetes (Table 5, Figure 5C).


Table 5 | Effect of standardized serum HMGB1 level on eGFR adjusted coefficients from segmented linear regression analysis.






Figure 5 | Relationships between serum HMGB1 and renal function fitted with restricted cubic spline (RCS) models. The solid lines indicate multivariate-adjusted Betas, and dotted lines indicate the 95% CIs derived from restricted cubic spline regression. Adjusted for age, sex, hypertension, smokers, and duration of diabetes. (A) serum HMGB1 and eGFR, (B) serum HMGB1 and UACR, (C) serum HMGB1 and UTP.






3.6 Subgroup and sensitivity analyses

Subgroup analysis showed that the association between HMGB1 and the risk of DKD progression was not significantly affected in the data stratified by age, sex, and BMI. The sensitivity analysis did not reveal substantial changes in the results after excluding participants with CVD, hypertension, and smokers, respectively, indicating that our results are robust.




3.7 Validation set

To validate the role of serum HMGB1, we analyzed the data of 42 participants recruited independently in another center. As shown in Table 6, the study set and validation set had similar baseline characteristics. The median levels of baseline serum HMGB1 were similar in both sets. Similar findings were observed in the validation set: serum HMGB1 levels were also higher in patients with DKD compared with patients with long-term diabetes but without CKD nephropathy or in healthy control people without diabetes (Figure 6A). The calibration plot showed that there was a good fit between the observed and predicted probabilities, and no statistical difference from the perfect fit was found for the study (p=0.202) and the validation set (p=0.825) (Figure 6B). At the same time, according to the above threshold, we also grouped the population whether the serum HMGB1 ≥27 ng/ml. We found that the proportion of DKD was significantly increased (Figure 6C), the level of 24h-UTP and ACR were significantly increased (Figures 6D, E), and the level of GFR was significantly decreased (Figure 6F) in the population with serum HMGB1 ≥27 ng/ml.


Table 6 | Baseline characteristics of participants included in the validation set compared to the study set.






Figure 6 | Validation set from another independent center. (A) serum HMGB1 levels in different groups; (B) Calibration plot comparing the observed and predicted probabilities for kidney function decline from the logistic regression for the study and validation set; (C) Proportion of DKD population with serum HMGB1 ≥27 ng/ml or <27 ng/ml; (D) 24h-UTP levels in serum HMGB1 ≥27 ng/ml or <27 ng/ml; (E) ACR levels in serum HMGB1 ≥27 ng/ml or <27 ng/ml; (F) eGFR levels in serum HMGB1 ≥27 ng/ml or <27 ng/ml. **P < 0.01, n.s. = no significance.







4 Discussion

Liquid biopsy is increasingly used for early diagnosis and precision medicine (31), especially for cancer (32). More importantly, advances in omics techniques and computational analysis have increased the sensitivity, specificity, and accuracy of liquid biopsies (33, 34). In kidney disease, the use of this noninvasive fluid biopsy compensates for the risk of bleeding, pain, infection, and renal vein thrombosis associated with invasive kidney biopsy and the limitation of not being able to perform repeat kidney biopsies to monitor disease progression (35). However, for DKD, the number of biomarkers for identifying renal disease progression and poor prognosis remains limited. Therefore, the identification of specific and sensitive biomarkers is essential for early diagnosis and disease management. For example, a urine proteomics-based study found that urinary CKD273, composed of 273 peptides, has great potential for predicting kidney outcomes in diabetes (36, 37). Another study, based on the SOMAscan proteomics platform, screened three proteins (Delta-like 1, endothelial cell adhesion molecule, and mitogen-activated protein kinase 11) as candidate biomarkers for predicting the risk of DKD progression to renal failure (38). Several biomarkers have been reported to increase over time before the onset of albuminuria (39). Therefore, the discovery and identification of additional biomarkers to reliably predict renal function progression in patients with DKD are essential.

In this study, we demonstrated, for the first time, that serum and urine HMGB1 levels were significantly higher in patients with DKD than in T2DM patients without DKD and healthy controls. Serum and urine HMGB1 levels were significantly associated with known markers of renal progression. Serum HMGB1 levels were more effective than urine HMGB1 levels in predicting the occurrence of DKD. Interestingly, on the basis of RCS, we found a nonlinear relationship between serum HMGB1 levels and the progression of renal function in DKD. When the serum HMGB1 was <27 ng/ml, the risk of DKD progression was almost stable and weak. However, when the HMGB1 level was ≥27 ng/ml, the risk of DKD progression increased sharply.

In our study, both age and sex were associated with elevated serum HMGB1 levels. A preclinical study, which supports our findings, reported that HMGB1 expression varied between the sexes in kidney injury and increased more in male rats with kidney injury than in female rats (40). We also found that the expression of serum HMGB1 was associated with smoking. A recent study confirmed our finding that nicotine promoted the release and secretion of HMGB1 by enhancing cathepsin B-dependent NLRP3 inflammasome activation, which led to the disruption of endothelial permeability (41). Additionally, an interesting finding of our study was that the positive correlation between serum HMGB1 and the duration of diabetes may indicate that serum HMGB1 plays a significant role in the underlying mechanisms of diabetes-induced renal disease. As previously discussed, HMGB1 may play a more indispensable role in chronic diseases than in acute lesions (20), although extracellular HMGB1 levels can change at the moment of injury. A preclinical study also found that in the early stage after unilateral ureteral obstruction, renal tubular HMGB1 deletion had no obvious effect on renal injury, but it can significantly reduce renal interstitial fibrosis in the late/subacute stage (42). As described in our study and the literature, serum HMGB1 plays an important role in DKD, emphasizing the importance of serum HMGB1 as a biomarker for the occurrence and progression of DKD.

HMGB1 is a member of the family of high-mobility proteins with secretory and intracellular activities (43). As a DNA chaperone, autophagy regulator, and damage-associated molecular pattern (DAMPs), HMGB1 is ubiquitously expressed in almost all cell types and plays an important role in DNA repair, telomere maintenance, autophagy homeostasis, and immune regulation (44, 45). HMGB1, as a biomarker and drug target, is related to the progression of many diseases (46, 47). In kidney disease, serum HMGB1 levels are significantly elevated and show differences in different pathologies. Elevated serum HMGB1 levels are associated with renal function progression and risks of inflammation, malnutrition, and cardiovascular disease in patients with CKD (48, 49). Similarly, serum and urine HMGB1 levels have been found to be associated with disease activity and renal involvement in patients with systemic lupus erythematosus (50, 51). Interestingly, serum HMGB1 levels have also been found to be independently associated with coronary artery disease and carotid plaque susceptibility in diabetic populations (52, 53). On the basis of this evidence, we explored the association between HMGB1 and DKD in a population with diabetes. This study found, for the first time, that the serum and urine levels of HMGB1 in patients with DKD were significantly higher than those in the non-DKD diabetic and healthy control populations (2.5–10 times), and with the aggravation of DKD, serum HMGB1 levels increased significantly and was positively correlated with the serum TNFR-1 level. In summary, serum HMGB1 may reflect the regulatory response of the inflammatory state during DKD pathogenesis, and can be used as a potential marker for the prediction of DKD, which is helpful for the diagnosis and targeted treatment of DKD.

Based on the above evidence, we hypothesized several main reasons why serum HMGB1 could be used as a biomarker of DKD progression. First, HMGB1 promotes renal inflammation by recruiting immune cells and activating the nuclear factor-kB pathway, which in turn mediates the apoptosis of glomerular cells and deposition of the mesangial matrix, thereby aggravating proteinuria and glomerulosclerosis. On the other hand, circulating HMGB1 exacerbates renal fibrosis by promoting renal epithelial cell and macrophage trans-differentiation, thereby promoting renal disease progression. Hence, we hypothesized that elevated serum HMGB1 levels may reflect a persistent chronic inflammatory state in DKD. However, the detailed origin of circulating HMGB1 in DKD cannot be determined. Studies have shown that renal tubular cells and podocytes are the main sources of HMGB1 secretion in the kidneys (54). There is evidence that receptor of advanced glycation endproducts (RAGE) is the primary receptor for HMGB1, and deletion of bone marrow-derived RAGE was shown to improve renal function in a DKD mouse model (55). On the other hand, studies have shown that splenectomy can transiently reduce circulating HMGB1 levels, which in turn improves CKD (56). The current results do not explain the origin of HMGB1 in DKD in detail. This is critical for targeted therapy of DKD, and further research should be conducted to investigate this issue.

Notably, HMGB1 can be neutralized or inhibited by polypeptides, natural products, or small molecules, and exhibits potential benefits in the treatment of various diseases (57–59). Additionally, studies have shown that serum HMGB1 levels are associated with disease treatment outcomes and that high levels of HMGB1 may indicate greater sensitivity to drugs (60). Interestingly, despite increased renal tissue expression and serum HMGB1 levels in lupus nephritis, HMGB1 expression in the serum and tissues did not decrease after immunosuppressive therapy (61). These studies’ findings suggest that HMGB1 plays a complex role in the treatment of different diseases; however, the changes in HMGB1 during DKD treatment and their correlation with treatment effects remain unknown. Here, although we observed elevated levels of HMGB1 in the serum and urine of patients with DKD, we lacked follow-up information on patients after treatment. Therefore, we could not confirm a causal relationship between HMGB1 and DKD or the exact mechanism by which HMGB1 affects DKD. Therefore, future studies should focus on changes in HMGB1 levels before and after treatment, which will help in the treatment and management of DKD.

This was a preliminary study showing a correlation between elevated serum HMGB1 levels and DKD progression. However, this study has some limitations that must be addressed. First, this was a cross-sectional study, and we did not perform continuous HMGB1 measurements and long-term follow-up of the kidneys; therefore, we could not determine the causal relationship between HMGB1 and disease and the response of HMGB1 in DKD after drug treatment. Thus, a cohort study to explore whether improving serum HMGB1 levels through pharmacological targeting will affect the prognosis of DKD would be a better option to reflect the true relationship between HMGB1 and DKD and evaluate its predictive value. Second, the study population was derived from only two centers; therefore, the results should be validated in more central studies. Finally, the study population included only adults from China; thus, this association should be confirmed in other ethnic and age groups.




5 Conclusions

In conclusion, this is the first study to report that serum and urine HMGB1 levels are significantly increased in patients with DKD and are closely related to disease progression and renal inflammation. When the serum HMGB1 was ≥27 ng/ml, the risk of DKD progression increased sharply, suggesting that serum HMGB1 could be used as a potential biomarker for the progression of DKD. Further research on the detailed role of HMGB1 in the pathogenesis of DKD is required to guide its clinical treatment and management.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Ethics Committee of Guang’anmen Hospital of the Chinese Academy of Traditional Chinese Medicine and China-Japan Friendship Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

TL: Data curation, Formal analysis, Investigation, Software, Visualization, Writing – original draft, Writing – review & editing. HZ: Data curation, Writing – original draft. YW: Data curation, Formal Analysis, Investigation, Writing – original draft. PQ: Data curation, Methodology, Writing – original draft. YMW: Data curation, Methodology, Writing – original draft. XW: Data curation, Investigation, Writing – original draft. TZ: Data curation, Formal analysis, Project administration, Writing – original draft. LY: Data curation, Methodology, Writing – review & editing. HM: Data curation, Formal analysis, Writing – review & editing. LP: Conceptualization, Writing – review & editing. YZ: Conceptualization, Funding acquisition, Writing – review & editing. PL: Funding acquisition, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by the National Nature Science Foundation of China (82374419, 82174296, 82074393, 82305210).





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.




Abbreviations


CKD, chronic kidney disease; ESRD, end-stage renal disease; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate; HMGB1, high mobility group box 1; TNFR-1, tumor necrosis factor receptor superfamily member 1A; KIM-1, urine kidney injury molecule; T2DM, type 2 diabetes mellitus; ADA, American Diabetes Association; NKF-KDOQI, National Kidney Foundation’s Quality Initiative for Renal Disease Outcomes; ROC, receiver-operator characteristic; AUC, area under the curve; RCS, restricted cubic spline; AIC, akaike information criterion; BMI, body-mass index; HGB, hemoglobin; HbA1c, glycated haemoglobin A1c; ALT, alanine transaminase; AST, aspartate aminotransferase; ALB, albumin; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; UA, uric acid; TC, total cholesterol; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; UACR, Urinary albumin/creatinine ratio; UTP, urinary total protein; HMGB1, high mobility group box protein 1; CVD, cardiovascular diseases; DAMPs, damage-associated molecular pattern; RAGE, receptor of advanced glycation endproducts.




References

1. Koye, DN, Shaw, JE, Reid, CM, Atkins, RC, Reutens, AT, and Magliano, DJ. Incidence of chronic kidney disease among people with diabetes: a systematic review of observational studies. Diabetes Med. (2017) 34:887–901. doi: 10.1111/dme.13324

2. Kalantar-Zadeh, K, Jafar, TH, Nitsch, D, Neuen, BL, and Perkovic, V. Chronic kidney disease. Lancet. (2021) 398:786–802. doi: 10.1016/S0140-6736(21)00519-5

3. Alicic, RZ, Rooney, MT, and Tuttle, KR. Diabetic kidney disease: challenges, progress, and possibilities. Clin J Am Soc Nephrol. (2017) 12:2032–45. doi: 10.2215/CJN.11491116

4. Macisaac, RJ, Ekinci, EI, and Jerums, G. Markers of and risk factors for the development and progression of diabetic kidney disease. Am J Kidney Dis. (2014) 63:S39–62. doi: 10.1053/j.ajkd.2013.10.048

5. Anders, HJ, Huber, TB, Isermann, B, and Schiffer, M. CKD in diabetes: diabetic kidney disease versus nondiabetic kidney disease. Nat Rev Nephrol. (2018) 14:361–77. doi: 10.1038/s41581-018-0001-y

6. Tuttle, KR, Agarwal, R, Alpers, CE, Bakris, GL, Brosius, FC, Kolkhof, P, et al. Molecular mechanisms and therapeutic targets for diabetic kidney disease. Kidney Int. (2022) 102:248–60. doi: 10.1016/j.kint.2022.05.012

7. Perkins, BA, Ficociello, LH, Ostrander, BE, Silva, KH, Weinberg, J, Warram, JH, et al. Microalbuminuria and the risk for early progressive renal function decline in type 1 diabetes. J Am Soc Nephrol. (2007) 18:1353–61. doi: 10.1681/ASN.2006080872

8. MacIsaac, RJ, Ekinci, EI, and Jerums, G. 'Progressive diabetic nephropathy. How useful is microalbuminuria?: contra'. Kidney Int. (2014) 86:50–7. doi: 10.1038/ki.2014.98

9. MacIsaac, RJ, and Ekinci, EI. Progression of diabetic kidney disease in the absence of albuminuria. Diabetes Care. (2019) 42:1842–4. doi: 10.2337/dci19-0030

10. Skupien, J, Smiles, AM, Valo, E, Ahluwalia, TS, Gyorgy, B, Sandholm, N, et al. Variations in risk of end-stage renal disease and risk of mortality in an international study of patients with type 1 diabetes and advanced nephropathy. Diabetes Care. (2019) 42:93–101. doi: 10.2337/dc18-1369

11. Rossing, K, Christensen, PK, Hovind, P, Tarnow, L, Rossing, P, and Parving, HH. Progression of nephropathy in type 2 diabetic patients. Kidney Int. (2004) 66:1596–605. doi: 10.1111/j.1523-1755.2004.00925.x

12. Gutiérrez, OM, Shlipak, MG, Katz, R, Waikar, SS, Greenberg, JH, Schrauben, SJ, et al. Associations of plasma biomarkers of inflammation, fibrosis, and kidney tubular injury with progression of diabetic kidney disease: A cohort study. Am J Kidney Dis. (2022) 79:849–857.e841. doi: 10.1053/j.ajkd.2021.09.018

13. Khanijou, V, Zafari, N, Coughlan, MT, MacIsaac, RJ, and Ekinci, EI. Review of potential biomarkers of inflammation and kidney injury in diabetic kidney disease. Diabetes Metab Res Rev. (2022) 38:e3556. doi: 10.1002/dmrr.3556

14. Pichler, R, Afkarian, M, Dieter, BP, and Tuttle, KR. Immunity and inflammation in diabetic kidney disease: translating mechanisms to biomarkers and treatment targets. Am J Physiol Renal Physiol. (2017) 312:F716–f731. doi: 10.1152/ajprenal.00314.2016

15. Niewczas, MA, Pavkov, ME, Skupien, J, Smiles, A, Md Dom, ZI, Wilson, JM, et al. A signature of circulating inflammatory proteins and development of end-stage renal disease in diabetes. Nat Med. (2019) 25:805–13. doi: 10.1038/s41591-019-0415-5

16. Waijer, SW, Sen, T, Arnott, C, Neal, B, Kosterink, JGW, Mahaffey, KW, et al. Association between TNF receptors and KIM-1 with kidney outcomes in early-stage diabetic kidney disease. Clin J Am Soc Nephrol. (2022) 17:251–9. doi: 10.2215/CJN.08780621

17. Fan, Y, Ye, Z, and Tang, Y. Serum HMGB1 and soluble urokinase plasminogen activator receptor levels aid diagnosis and prognosis prediction of sepsis with acute respiratory distress syndrome. biomark Med. (2023) 17:231–9. doi: 10.2217/bmm-2022-0899

18. Goldstein, RS, Bruchfeld, A, Yang, L, Qureshi, AR, Gallowitsch-Puerta, M, Patel, NB, et al. Cholinergic anti-inflammatory pathway activity and High Mobility Group Box-1 (HMGB1) serum levels in patients with rheumatoid arthritis. Mol Med. (2007) 13:210–5. doi: 10.2119/2006-00108.Goldstein

19. Zhu, B, Zhu, Q, Li, N, Wu, T, Liu, S, and Liu, S. Association of serum/plasma high mobility group box 1 with autoimmune diseases: A systematic review and meta-analysis. Med (Baltimore). (2018) 97:e11531. doi: 10.1097/MD.0000000000011531

20. Liu, T, Li, Q, Jin, Q, Yang, L, Mao, H, Qu, P, et al. Targeting HMGB1: A potential therapeutic strategy for chronic kidney disease. Int J Biol Sci. (2023) 19:5020–35. doi: 10.7150/ijbs.87964

21. Hossny, E, El-Ghoneimy, D, Soliman, DA, and Ashour, A. Diagnostic value of serum high-mobility group box-1 in pediatric systemic lupus erythematosus. Int J Rheum Dis. (2019) 22:1402–9. doi: 10.1111/1756-185X.13556

22. Nakamura, T, Sato, E, Fujiwara, N, Kawagoe, Y, Ueda, Y, Suzuki, T, et al. Positive association of serum levels of advanced glycation end products and high mobility group box-1 with asymmetric dimethylarginine in nondiabetic chronic kidney disease patients. Metabolism. (2009) 58:1624–8. doi: 10.1016/j.metabol.2009.05.018

23. Burbano, C, Gómez-Puerta, JA, Muñoz-Vahos, C, Vanegas-García, A, Rojas, M, Vásquez, G, et al. HMGB1(+) microparticles present in urine are hallmarks of nephritis in patients with systemic lupus erythematosus. Eur J Immunol. (2019) 49:323–35. doi: 10.1002/eji.201847747

24.2. Classification and diagnosis of diabetes. Diabetes Care. (2016) 39 Suppl 1:S13–22. doi: 10.2337/dc16-S005

25. Tuttle, KR, Bakris, GL, Bilous, RW, Chiang, JL, de Boer, IH, Goldstein-Fuchs, J, et al. Diabetic kidney disease: a report from an ADA Consensus Conference. Am J Kidney Dis. (2014) 64:510–33. doi: 10.1053/j.ajkd.2014.08.001

26. Doshi, SM, and Friedman, AN. Diagnosis and management of type 2 diabetic kidney disease. Clin J Am Soc Nephrol. (2017) 12:1366–73. doi: 10.2215/CJN.11111016

27.KDIGO clinical practice guideline for the diagnosis, evaluation, prevention, and treatment of Chronic Kidney Disease-Mineral and Bone Disorder (CKD-MBD). Kidney Int Suppl. (2009) 113):S1–130. doi: 10.1038/ki.2009.188

28. Durrleman, S, and Simon, R. Flexible regression models with cubic splines. Stat Med. (1989) 8:551–61. doi: 10.1002/sim.4780080504

29. Coca, SG, Nadkarni, GN, Huang, Y, Moledina, DG, Rao, V, Zhang, J, et al. Plasma biomarkers and kidney function decline in early and established diabetic kidney disease. J Am Soc Nephrol. (2017) 28:2786–93. doi: 10.1681/ASN.2016101101

30. Liu, C, Debnath, N, Mosoyan, G, Chauhan, K, Vasquez-Rios, G, Soudant, C, et al. Systematic review and meta-analysis of plasma and urine biomarkers for CKD outcomes. J Am Soc Nephrol. (2022) 33:1657–72. doi: 10.1681/ASN.2022010098

31. Ignatiadis, M, Sledge, GW, and Jeffrey, SS. Liquid biopsy enters the clinic - implementation issues and future challenges. Nat Rev Clin Oncol. (2021) 18:297–312. doi: 10.1038/s41571-020-00457-x

32. Rolfo, C, and Russo, A. Moving forward liquid biopsy in early liver cancer detection. Cancer Discovery. (2023) 13:532–4. doi: 10.1158/2159-8290.CD-22-1439

33. Brown, MA, Li, Z, and Cao, KL. Biomarker development for axial spondyloarthritis. Nat Rev Rheumatol. (2020) 16:448–63. doi: 10.1038/s41584-020-0450-0

34. Mann, M, Kumar, C, Zeng, WF, and Strauss, MT. Artificial intelligence for proteomics and biomarker discovery. Cell Syst. (2021) 12:759–70. doi: 10.1016/j.cels.2021.06.006

35. Siwy, J, Mischak, H, Beige, J, Rossing, P, and Stegmayr, B. Biomarkers for early detection of kidney disease: a call for pathophysiological relevance. Kidney Int. (2021) 99:1240–1. doi: 10.1016/j.kint.2021.02.008

36. Currie, GE, von Scholten, BJ, Mary, S, Flores Guerrero, JL, Lindhardt, M, Reinhard, H, et al. Urinary proteomics for prediction of mortality in patients with type 2 diabetes and microalbuminuria. Cardiovasc Diabetol. (2018) 17:50. doi: 10.1186/s12933-018-0697-9

37. Lindhardt, M, Persson, F, Zürbig, P, Stalmach, A, Mischak, H, de Zeeuw, D, et al. Urinary proteomics predict onset of microalbuminuria in normoalbuminuric type 2 diabetic patients, a sub-study of the DIRECT-Protect 2 study. Nephrol Dial Transplant. (2017) 32:1866–73. doi: 10.1093/ndt/gfw292

38. Kobayashi, H, Looker, HC, Satake, E, Saulnier, PJ, Md Dom, ZI, O'Neil, K, et al. Results of untargeted analysis using the SOMAscan proteomics platform indicates novel associations of circulating proteins with risk of progression to kidney failure in diabetes. Kidney Int. (2022) 102:370–81. doi: 10.1016/j.kint.2022.04.022

39. Colombo, M, McGurnaghan, SJ, Blackbourn, LAK, Dalton, RN, Dunger, D, Bell, S, et al. Comparison of serum and urinary biomarker panels with albumin/creatinine ratio in the prediction of renal function decline in type 1 diabetes. Diabetologia. (2020) 63:788–98. doi: 10.1007/s00125-019-05081-8

40. Mohamed, R, Rafikova, O, O'Connor, PM, and Sullivan, JC. Greater high-mobility group box 1 in male compared with female spontaneously hypertensive rats worsens renal ischemia-reperfusion injury. Clin Sci (Lond). (2020) 134:1751–62. doi: 10.1042/CS20200575

41. Mohammadi, L, Han, DD, Xu, F, Huang, A, Derakhshandeh, R, Rao, P, et al. Chronic E-cigarette use impairs endothelial function on the physiological and cellular levels. Arterioscler Thromb Vasc Biol. (2022) 42:1333–50. doi: 10.1161/ATVBAHA.121.317749

42. Li, Y, Yuan, Y, Huang, ZX, Chen, H, Lan, R, Wang, Z, et al. GSDME-mediated pyroptosis promotes inflammation and fibrosis in obstructive nephropathy. Cell Death Differ. (2021) 28:2333–50. doi: 10.1038/s41418-021-00755-6

43. Chen, R, Kang, R, and Tang, D. The mechanism of HMGB1 secretion and release. Exp Mol Med. (2022) 54:91–102. doi: 10.1038/s12276-022-00736-w

44. Tang, D, Kang, R, Zeh, HJ, and Lotze, MT. The multifunctional protein HMGB1: 50 years of discovery. Nat Rev Immunol. (2023) 23(12):824–841. doi: 10.1038/s41577-023-00894-6

45. Kang, R, Chen, R, Zhang, Q, Hou, W, Wu, S, Cao, L, et al. HMGB1 in health and disease. Mol Aspects Med. (2014) 40:1–116. doi: 10.1016/j.mam.2014.05.001

46. Dong, H, Zhang, L, and Liu, S. Targeting HMGB1: an available therapeutic strategy for breast cancer therapy. Int J Biol Sci. (2022) 18:3421–34. doi: 10.7150/ijbs.73504

47. Pellegrini, L, Foglio, E, Pontemezzo, E, Germani, A, Russo, MA, and Limana, F. HMGB1 and repair: focus on the heart. Pharmacol Ther. (2019) 196:160–82. doi: 10.1016/j.pharmthera.2018.12.005

48. Bruchfeld, A, Qureshi, AR, Lindholm, B, Barany, P, Yang, L, Stenvinkel, P, et al. High Mobility Group Box Protein-1 correlates with renal function in chronic kidney disease (CKD). Mol Med. (2008) 14:109–15. doi: 10.2119/2007-00107.Bruchfeld

49. Jin, X, Rong, S, Yuan, W, Gu, L, Jia, J, Wang, L, et al. High mobility group box 1 promotes aortic calcification in chronic kidney disease via the wnt/β-catenin pathway. Front Physiol. (2018) 9. doi: 10.3389/fphys.2018.00665

50. Abdulahad, DA, Westra, J, Bijzet, J, Dolff, S, van Dijk, MC, Limburg, PC, et al. Urine levels of HMGB1 in Systemic Lupus Erythematosus patients with and without renal manifestations. Arthritis Res Ther. (2012) 14:R184. doi: 10.1186/ar4015

51. Jog, NR, Blanco, I, Lee, I, Putterman, C, and Caricchio, R. Urinary high-mobility group box-1 associates specifically with lupus nephritis class V. Lupus. (2016) 25:1551–7. doi: 10.1177/0961203316644331

52. Yan, XX, Lu, L, Peng, WH, Wang, LJ, Zhang, Q, Zhang, RY, et al. Increased serum HMGB1 level is associated with coronary artery disease in nondiabetic and type 2 diabetic patients. Atherosclerosis. (2009) 205:544–8. doi: 10.1016/j.atherosclerosis.2008.12.016

53. Biscetti, F, Tinelli, G, Rando, MM, Nardella, E, Cecchini, AL, Angelini, F, et al. Association between carotid plaque vulnerability and high mobility group box-1 serum levels in a diabetic population. Cardiovasc Diabetol. (2021) 20:114. doi: 10.1186/s12933-021-01304-8

54. Zhao, ZB, Marschner, JA, Iwakura, T, Li, C, Motrapu, M, Kuang, M, et al. Tubular epithelial cell HMGB1 promotes AKI-CKD transition by sensitizing cycling tubular cells to oxidative stress: A rationale for targeting HMGB1 during AKI recovery. J Am Soc Nephrol. (2023) 34:394–411. doi: 10.1681/ASN.0000000000000024

55. Tesch, G, Sourris, KC, Summers, SA, McCarthy, D, Ward, MS, Borg, DJ, et al. Deletion of bone-marrow-derived receptor for AGEs (RAGE) improves renal function in an experimental mouse model of diabetes. Diabetologia. (2014) 57:1977–85. doi: 10.1007/s00125-014-3291-z

56. Leelahavanichkul, A, Huang, Y, Hu, X, Zhou, H, Tsuji, T, Chen, R, et al. Chronic kidney disease worsens sepsis and sepsis-induced acute kidney injury by releasing High Mobility Group Box Protein-1. Kidney Int. (2011) 80:1198–211. doi: 10.1038/ki.2011.261

57. VanPatten, S, and Al-Abed, Y. High mobility group box-1 (HMGb1): current wisdom and advancement as a potential drug target. J Med Chem. (2018) 61:5093–107. doi: 10.1021/acs.jmedchem.7b01136

58. Xue, J, Suarez, JS, Minaai, M, Li, S, Gaudino, G, Pass, HI, et al. HMGB1 as a therapeutic target in disease. J Cell Physiol. (2021) 236:3406–19. doi: 10.1002/jcp.30125

59. Yang, H, Wang, H, and Andersson, U. Targeting inflammation driven by HMGB1. Front Immunol. (2020) 11:484. doi: 10.3389/fimmu.2020.00484

60. Li, Z, Fu, WJ, Chen, XQ, Wang, S, Deng, RS, Tang, XP, et al. Autophagy-based unconventional secretion of HMGB1 in glioblastoma promotes chemosensitivity to temozolomide through macrophage M1-like polarization. J Exp Clin Cancer Res. (2022) 41:74. doi: 10.1186/s13046-022-02291-8

61. Zickert, A, Palmblad, K, Sundelin, B, Chavan, S, Tracey, KJ, Bruchfeld, A, et al. Renal expression and serum levels of high mobility group box 1 protein in lupus nephritis. Arthritis Res Ther. (2012) 14:R36. doi: 10.1186/ar3747




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 © 2024 Liu, Zhao, Wang, Qu, Wang, Wu, Zhao, Yang, Mao, Peng, Zhan and Li. 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/fimmu-15-1334109-g006.jpg
& o
s S

a5 1
Procto prvasity

€

“a.

Seren HMOB1 o)

o

[—

eGrRmimt7an)

@ w

Soram HHGB (o)

e et saaay





OEBPS/Images/fimmu.2024.1334109_cover.jpg
& frontiers | Frontiers in Immunology

Serum high mobility group box 1 as a
potential biomarker for the progression of
kidney disease in patients with type 2
diabetes





OEBPS/Images/fimmu-15-1334109-g001.jpg
7% ¢ T

w L

cKD

Normal

g 8 8 8

@ uoissaidxe LGOINH abeseny

a

Uoissaidke LGOWH & B0

R=-0.570
P<0.001

Uoissaidxa LGOWH abeseny

© uoissaidxa LgOWH abesany

log ; Proteinuria at Baseline (g/24h)

eGFR (miimin/1.73m?)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Serum high mobility group box 1 as a potential biomarker for the progression of kidney disease in patients with type 2 diabetes

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Study design and population

          



          		

            2.2 Data collection

          



          		

            2.3 Laboratory tests of HMGB1

          



          		

            2.4 Measurement of TNFR-1 and KIM-1 levels

          



          		

            2.5 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Basic characteristics of the study population

          



          		

            3.2 Elevation of the HMGB1 level in the population with DKD

          



          		

            3.3 Association of the HMGB1 levels with DKD‐related traits

          



          		

            3.4 Correlations between serum HMGB1 and other variables

          



          		

            3.5 Dose-response relationships of serum HMGB1 with the risk of kidney function decline in DKD

          



          		

            3.6 Subgroup and sensitivity analyses

          



          		

            3.7 Validation set

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Characteristics

DKD (%)
Age(ears)
Mile (%)
B (kg/m)

Duration of
disbetes (years)

Hypertension (%)
VD (%)
Hyperipidenia (%)
Smokers (%)
Drinkers (%)

HGB (g/1)

HbALe (%)

ALT (UL

AST (UIL)

ALB (g1)
Ser (uamol1L)

GER (mlimin/173m)
Urea (mmolt)

UA (umolrl)

TC (mmolrt)

TG (mmolrt)

LDLC (mmoll)

HDLC (mmolL)

UACR (mg/g)

2RUTP (mg/21h)
Serum HMGBI
(ogm)
KIM-1/Cr (pg/ug)
™

ng/ml)

Study set

(n=256)

109 (1258)
57712969
130 (5078)

24702336
12302806

143 (5586)
86 (3359)
122 (46.48)
52.2031)
55 2148)

13209+ 2044
747 2190

1500
(14.0027.00)

1900
(159323.45)

262571
9857 25703
529323066
8072656
344982 3787
1952109
1782100
297210
1282002

2000
(1.08355.48)

11024
(6005,166000)

33552599

045 (021050)

245076

Validation
set
(n=42)

2 (s238)
5905 £845
25 (952)

24962396
120 2890

0012
10@38)
25 (5333)
10381
60500

133621750
7632177

1500
(13002200

1700
(13.602000)

1037 2630
107.15 8978
778122662
8302442
3616125374
4702105
12208
2972097
1342040

200
(3:6142832)

35000
(3000,172000)

07222321

050 (025089)

226049

oast

ooss

0209

0022

0346

o018

s

o787

0076

0360

0356

0319

os24

178

0313

073

ossi

0426

0761

0216

0513

0509

o108





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-15-1334109-g002.jpg
>

H
H
H
°
p
- .
8w -~
ol Mn
H
B
E 8P
o
¢
z
H
3
R
'

corRimi 73
UACRIm)-

PR

Connraon o Kl

Urne HMGBCr (bt

-4
e
- Toom
- oo
# Gobe)
15 e
Roww  F Aosos
- (R Féasor
2
N 2
s s
o oS
o w0 W I
Concanvaton of soum HGB1 Concanzaton ofuina HNIGB1
ooim) )
'
.
E |
I
] a
e
=567 3 R0z
P & oo
% W 1w o0 H o & o
‘Goncentration of HMGS1 ‘Goncentration of rine HMGBT
(ogim) )

1Syt (780





OEBPS/Images/table2.jpg
Serum HMGB1

Variables

Age yan) o258
M (130, e
s
2022 1966
B G 00
Durstion of disbees (yess) o2
Yes (ne148) 1536294
Hypertrsion
Nowe113) 20492 18
Yes (n-86) 02850
o
No(ne170) 50772225
Ves (ae122) 3506+ 2651
Hypelpidenia
No re13) 2722550
Yos (ve52) 540 2863
Smokers
No a-200) 50522205
Ves (ne55) 365522169
Drinkes
No(ne20n) nnsmo
e oae
Ser (ol o7
GER (bmin 730 0o
Ures (mmolt) e
A (ot 0257
C (ot o014
6 (mmelt) oo
heCRP (mgl) oost
UACK () o
VTP () e
53 (<GFR 90) ™
G2 (450 (0SCGFR < 50) 2121897
KD sage 3 (ve27) (05CGFR < 60) a9
G4 (017 155eGFR < 0) 7308280
G5 0e9) (GFR <) w19
Scrum HAGBI (o) '
Urin HMGB! (pgig) o477
KIM-1Cr (i) o0
TNFR (/) o5

Meanz SD or
R correlation factor

Urine HMGB1

Mean SD or

-value -value
? R correlation factor P
<001 o050 <001
382 207798)
<0001 o914
367 @us72)
ooie <0003 0965
<0001 o5 <0001
562 (3031013
<0001 <001
256 (166531)
552 (303597)
oo 0003
323 196687)
451 7891
o 0109
337 07676
382 220891)
<001 osm
368 @14756)
350 @15649)
03 0295
109 (19808
<0001 o8 <0001
<0001 o349 <0001
<0001 s <0001
<001 o <001
<0001 o106 o091
os19 oon 0516
022 o036 0368
a2 o015 oas.
<0001 o052 <0001
<0t oas <001
283 170537)
159 (68679)
<0001 996 (526128 <0001
897 0720669
953 (7952259
' o7 <001
<001 ' '
<001 o601 <001
<0001 o2 <0001

BV, body.ass indes AL b e, serm retinines <GER. simated glomerulr lltion s, UA, i e TC, ol chlestrol TG, gycrides DL ih desiy lpoprscn

Chaostre LDLC, o densiy lpoprotincholestcrol:hs CRP, igh seniiity C resctiveprotin: U

ainsey bomincretnine it UTP,uiry sl prsco: HMGB), hh moblty

§70up b protein 1; TNFR-1,tuamer mecrosis fctor eceptor saperfammly memsber 1.3 KIM-1, kidney lajury malecele-1; CVD, canfiorasclar diseses; CKD, cheonic idney disese





OEBPS/Images/fimmu-15-1334109-g004.jpg
Subgroup
ser
Q1
Q2
03
Q4
eGFR
Q1
Q2
03
Q4
Urea
o1
Q2
Q3
Q4
vA
o1
[
03
Q4
ALB
Q1
7]
Q3
Q4
ACR
o1
Q2
03
Qa
ute
o1
Q2
03
Q4
T
a1
Q2
03
Q4
G
[
Q2
03
Q4

OR (95%CI)

1.00 (1.00 to 1.00)
1.04 (1,01 t0 1.07)
1.08 (1.05 t0 1.12)
1.11 (106 t0 1.16)

1.00 (1.00 t0 1.00)
0.97(0.94 0 1.00)
095 (0.93t00.98)
0.90 (0.86 t0 0.94)

1.00 (1.00 t0 1.00)
1.21(0.94t0 1.55)
1.36 (111 to 1.68)
2.00 (152 t02.64)

1.00 (1.00 t0 1.00)
1.00 (1.0 to 1.01)
1.00 (1.00 to 1.01)
1.01 (1.0 t0 1.01)

1.00 (1.00 to 1.00)
1.00 (0.90t0 1.10)
0.94(0.86 0 1.03)
0.72(0.64 0 0.81)

1.00 (1.00 t0 1.00)
1.06 (1.03t0 1.10)
1.07 (1.04t0 1.11)
1.07 (103 t0 1.12)

1.00 (1.00 to 1.00)
1.00 (1.0 t0 1.01)
1.00 (1.0 to 1.01)
1.01 (1.0 t0 1.02)

1.00 (1.00 t0 1.00)
0.99(0.7801.27)
0.90(0.70 t0 1.16)
1.11(0.90t0 1.39)

1.00 (1.00 to 1.00)
070 (0.49 0 1.00)
0.90 (0.67 t0 1.22)
0.94 (0670 131)

P for trend
<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0325

0720





OEBPS/Images/table4.jpg
Crude Model 1 Model 2 Model 3

Serum HMGBL,

polo or@s%C) A OR®suC) AU oR@such B orwswe) AU
sl " e asemy | amen
B T T ™ S ™ S g
B T R Tt B Yt R B R
pfor wend <000 <000 <000 <000

Modd 1 djosedfor s sex. B nd durton of dishetcs

Mo 2 futher sdusedfo hypercnsion, hyperlpidemi, CVD and smkers

Modd 3 further sdusedfor ALS, UA, KIN-1/Cr, TNFR

M1, body s inde: AL, lbrmin; UA.uric scd HAGBI, high bty o box protin 1 TNFR.1, tmor necronis fctr rescpto speromily mrnber 1A i
‘molecule I CVD, cardiovascular disesses; DKD, diabeti Kidney disesses OR, odds raios Gl confidence Intervl

ey njury






OEBPS/Images/table3.jpg
Q3 (23.62: Q4(>4612)  p-value

BMI (kg/m’) 2470 £ 336 24452312 2390 £ 345 24922 364 25534308 002
v, | o | oot | s | oo |
B | ey | ot | i | ik | o
€GFR (mU/min/1.73m?) 8293 2 3066 10195 £ 1154 9737 21197 864922478 4592 £ 3050 <0001
wama, | wow | choen | woims | vy |
amns b | o | o | e | e |
CKD stage

A, body.mss ndx: MG, bmoglobi: HOAL, gycated hacroglobin ALs ALT, e rmsaminsc, AST,apsat sminoesnerss: AL, b S, e ceinine <GFR,
cimated omerlarBcion e UA,u sk . ool chlestess G, righerides HDL.C. highdeity poprasnchleser LDL G ko dnsylpapotin chokstrol b CRP, i
Sensiniy et procin: UACR uinny baricretin rar UTP,ansy ol prtcin: MG, high mobity grosp box ot 1 TNFR., tamor necrss Bt recptor
superfumily member 1A KIM-1, kidney injory meokecule-1; CVID, candiovascula discases CKD,chronic kidney disesse.






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-15-1334109-g005.jpg





OEBPS/Images/table1.jpg
Healthy control

Age ears) 1596 554321000 55512 1018 0722828 <0001
Male (%) 10 s078) 20667 713 & 61 0006
B (/) 2170+ 336 2992271 20992355 232 <0001
Duration o dabetes (years) 12302806 ' PR 1772760 <0001
Hypertension (%) 13 (5589 300, 1 (5297) 91 8620) <0001
vp ) 6 0359) 9500 3156 6 (220 o000
Hyperlipdenia (%) 122 (648) 60000) s0(5747) 6 @s5) <0001
Smokers (%) 52031 3000, 19.18n 0@ 0002
Drinkers (%) ssu s @) @385 oos
HGB (g1 132092 2040 13928+ 1423 13579 2 1857 12517 2 246 <0001
HoALe (%) 7472190 182118 7962197 218 <0001
AT n 1500 (14002700 1500 (13002900) 2000 (15002870) 1780 (13402400 o101
astn) 1900 (159323.45) 2000 (17.002500) 1890 (15202000 1820 (14002300 e
ALB @) 41262571 wyesn 43352298 s 65 <0001
Ser o) 9557 25703 PENT 63592 1708 14853 5 11485 <os0t
GER (mmin1.73m) 52932 3066 10206906 98352 1409 01023310 <0001
Urea (mmolr) 807265 952117 912226 1502870 <0001
UA (umol) 198 5787 074627092 3532 8817 366792 3960 <0001
TC (mmolt) 4952 14 91213 1772 148 sneis 0394
T (mmoll) e 1312065 [T 1912097 <0001
LDLC (mmol) w2102 290093 3012108 2972107 o
HDLC (mmo) R 1372033 12203 182082 oo
he CRP (mgt) 132 (065230) 102 082260) 136 (066223) 137 ©30215) 0937
UACR (mg/g) 2000 (10835549 574@96150) 373 030921 53970 (7.0095961) <0001
2h-UTP (mg/2ah) 11021 (6005,166000) 4931 (25358228) 3209 00011000) 225000 (47500461500) <0001
Scrum HMGBI (nginl) 35552599 1931 £ 1001 1947+ 1282 52032 2845 <0001
Urine HMGBICr (py/og) 377 219799 230 (2549 296 201456 772681219 <0001

Ve (pyiog) 045 021050 032 016049 030 015049) 094 051.1.66) <0001
TNFR 1 () 2452076 2102041 22103 2812095 <oo01

ML, body.mas ndex HGB, hemogobin: HbALe, ycted hamoglbin AL ALT,sanine transminas AST, asarae aminotansfrss; ALB, albuin: Sc,srum crstning; <GFR.
timaed gomerlar itration st UA, e i TC, ot choleserl: TG, righceidess HDLC, igh desit porotincholeerl LDLC. ko desty papotin choletcro b CRP, i
Snsiviy reactive protein: UACR, Unsy albmicrstinin raos UTP, uinry ol protin,HMGBI, high robiy rosp box protcin 15 TNFI, Lo mecoss facor receptor
‘superfamily member 1A: KIM.-1, Kdney injory molecule-1; CVD, cardiovascular diseases; DKD), disbtic ey discse.






OEBPS/Images/table5.jpg
Charac- 95% Cl

teristic

<z 082 069096 o017

<GER
227 053 046062 <0001
<z 151 130175 <0001

UACR
Y 162 138190 <0001
136 L1757 <0001

ure
4 149 123150 <0001

CGER, esimated glomeruar ilrtion rae; UACR, urinary albumicresinine rais UTP,
wrinary total protin: HMGBI, high mabity group bos.protein 1; OR. odds ratcs CI,.
conidence interal.

OR were adjusted for sex, hypertension, smokers, duration of diabetes, and age.





OEBPS/Images/fimmu-15-1334109-g003.jpg
[t

g

M &

£

ES

2

% o

o 3
oo Serum HIG1 (AUC = 0692
S NG i - Urine HMGB1 (AU 792)

[E—— 00 02 04 06 08 1
[ro— 1-Specifiity (FPR)

R
P






