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Cytokines are involved in the immunopathogenesis of nonalcoholic fatty liver disease (NAFLD), but the relationship between them and clinical parameters of NAFLD progression is still unknown. Using flow cytometry, we evaluated the plasma levels of IL-1β, IL-6, IL-12, TNF and IL-10 and their association with clinical and biochemical parameters of liver function during simple steatosis (NAFL) and nonalcoholic steatohepatitis (NASH) in biopsy-proven patients. The NASH patients showed higher levels of IL-6 associated with a lower IL-10/IL-6 ratio. Besides heatmaps were similar in the NAFL and NASH groups, the same did not occur in signature curves, the NASH patients were high producers to IL-12 and IL-6 while the NAFL patients were not high producers of any cytokines evaluated. Integrative biomarker network analysis revealed that cytokines are differently correlated with clinical parameters, while IL-12, IL-10 presented moderate and negative correlations with glycemic and lipid profile in the NAFL group. The NASH group IL-12 and TNF revealed stronger and positive correlations with transient elastography parameters and NAFLD liver fibrosis score. These data suggest that IL-6 and IL-10 might act in chronic inflammation and insulin resistance whereas IL-12 and TNF may be involved in promoting liver damage and NAFLD progression. Plasma concentration analysis of these molecules and their association with clinical parameters can be used as new biomarkers to monitoring NAFLD progression and to reflect NASH development.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) has become the most common cause of chronic liver disease in the world (25%) (1, 2), however, the epidemiology and clinical characteristics of the disease in Brazil and South America are still poorly known (3). NAFLD comprises a spectrum of disease ranging from simple steatosis (NAFL) to nonalcoholic steatohepatitis (NASH), cirrhosis and hepatocellular carcinoma (4, 5). Currently, there is no approved drug regimen to treat NASH (5, 6), as a consequence of the lack of treatment and the growing global obesity epidemic, the prevalence of NAFLD is increasing and NASH-related cirrhosis is a major cause of liver transplantation in the United States (7).

The association between NAFLD, obesity, and type 2 diabetes favors a chronic low-grade inflammatory state, which predisposes to the development of other comorbidities, such as dyslipidemia, systemic arterial hypertension, atherosclerosis, and acute myocardium infarction (8, 9). In addition, inflammation is a hallmark of NAFLD progression characterized by activation of resident liver cells, recruitment of circulating inflammatory cells, and upregulation of several soluble inflammatory mediators (10, 11). Pro-inflammatory cytokines, such as interleukin (IL)-12, IL-6, IL-1β, and tumor necrosis factor (TNF) might play a fundamental role in the onset and progression of NAFLD promoting insulin resistance, oxidative stress, hepatic inflammation, cell necrosis, apoptosis, and liver fibrosis (12, 13). On the other hand, the anti-inflammatory cytokine IL-10 is essential to regulate these processes and to stimulate liver regeneration after injury (14–16).

The gold standard for diagnosis and staging of NAFLD is liver biopsy, which allows us to evaluate several histopathological parameters (5, 17). However, it is an invasive, painful and expensive procedure, which presents some risk to the patient and can lead to sampling errors (17, 18). Considering all these points, non-invasive biological methods have been emerging as a new perspective on NAFLD diagnosis and also the monitoring of disease progression. Cytokines may act as potential noninvasive biomarkers in NAFLD progression, however, further investigations are needed (11, 19, 20). There is insufficient knowledge about how cytokines are involved in the immunopathogenesis of NAFLD and can act as biomarkers in the progression and prognosis of the disease. Most of these studies are developed in animal models and few report associations between these mediators and clinical parameters like were presented in this study (21, 22). The current study was designed to investigate the potential association of plasma cytokines levels with clinical and biochemical parameters in NAFL and NASH patients and to evaluate their possible role as biomarkers in the immunopathogenesis and progression of NAFLD.



Population, Materials, and Methods


Study Population

Thirty-one biopsied-proven NAFLD patients were recruited from Nonalcoholic fatty liver disease clinic at Alpha Institute of Gastroenterology (Hospital das Clínicas/UFMG), Belo Horizonte, Minas Gerais, Brazil. NAFLD diagnosis was performed following Chalasani et al. (5), the current clinical guideline by a proficient hepatologist. NAFLD fibrosis and Fibrosis-4 (FIB-4) scores were used to reliably predict which patients are unlikely to have cellular evidence of fibrosis. Other liver diseases, such as viral hepatitis, autoimmune liver disease, and alcoholic liver disease were excluded and all patients involved in the study signed the Informed Consent Form. Plasma samples were collected by a trained nurse following clinic protocol and inclusion criteria.

The patients were grouped as simple steatosis (NAFL, n=16) when obtained a combination of nonalcoholic fatty liver disease activity score (NAS) lower than five, liver stiffness lower than 8,0 kpa, and liver fibrosis scores (NAFLD and FIB-4) suggestive of advanced fibrosis excluded or indeterminant score. Nonalcoholic steatohepatitis patients (NASH, n=15) were grouped according to NAS equal or higher than five and any degree of fibrosis, according to Kleiner et al. (17). Healthy individuals composed the control group (Control, n=11), following inclusion criteria: body mass index between 18,5 and 24,9kg/m², waist circumference, and all biochemical parameters within normal values, and do not ingest alcoholic beverages. Individuals included in this study were between 19 and 67 years of age.



Ethics Statement

This study was carried out in full accordance with all International and Brazilian guidelines and was approved by the Ethics Committee of the Federal University of Minas Gerais (CAAE 56184716.3.0000.5149 and CAAE 67583317.3.0000.5149). Preceding their inclusion in the study all individuals recruited gave their informed consent.



Clinical, Biochemical, and Anthropometric Profiles

Following NAFLD clinical routine protocol, glycemic, lipid, hepatic, and hematological profiles were assessed through laboratory tests performed in the laboratory of clinical analyzes of the Hospital das Clínicas/UFMG, with the patient fasting for at least 12 hours. Anthropometric profile was evaluated according to the World Health Organization (23, 24) by measuring weight, height, body mass index (BMI), and waist circumference (WC). Transient elastography using Fibroscan® was performed by a trained hepatologist following clinical protocol established by Associação Brasileira dos Portadores de Hepatites (25, 26). The results were compared to their respective reference values of normality and were described in Table 1, following guidelines.


Table 1 | Clinical, anthropometric and biochemical parameters of NAFLD patients and healthy individuals.





Histological Evaluation

Indication for liver biopsy was based on clinical judgment following current guidelines (5). Microscopic examination was performed by a liver pathologist without previous knowledge of the clinical data of the individuals. NAFLD histological features were classified according to the criteria of Kleiner et al. (17): steatosis degree, lobular inflammation and, ballooning cells, the sum of these findings provides the NAS: <5, NAFL; and ≥ 5, definitive diagnosis of NASH. Regarding liver fibrosis degree, the score ranges from none (F0) to cirrhosis (F4) (Table 2).


Table 2 | Liver histologic features of NAFLD patients.





Cytometric Bead Array Immunoassay

For plasma cytokines quantifications, whole blood samples were collected using heparin as the anti-coagulant. Plasma was maintained at −80°C in aliquots thawed just before use. The Human Inflammatory Cytokines kit (Becton Dickinson Biosciences Pharmingen, San Diego, CA, USA) was used for quantitative analysis of plasma levels of IL-1β, IL-6, IL-12, TNF and IL-10 as described by Medeiros and Gomes (27).



Cytokines Patterns Signatures

The representative heatmap was based on the global median values for all cytokines and chemokines data set for each group evaluated (control, NAFL, and NASH). These values were used as cut-off to separate high (individuals with molecule dosage above the global median) and low producers (individuals with molecule dosage below than the global median). High producers were represented by green, low producers by red, and the values equal to the global group median by yellow (Figure 2A).

Plasma cytokines pattern signatures curves were based on previously reported by Campi-Azevedo et al. and Cassirer-Costa et al. (28, 29). The frequency of high and low producers was defined according to the global median values for each cytokine based on all data set. These values were used as a cut-off to separate high (individuals with molecule dosage above the global median) and low producers (individuals with molecule dosage equal or below the global median). This strategy allowed for computation of the frequency (percentage) of individuals displaying high molecules indexes. Relevant frequencies were considered when above 50% of the study group (Figure 2B).



Statistical Analysis

Statistical analyses were performed by nonparametric unpaired Kruskal-Wallis test followed by Dunn’s post hoc test using the GraphPad Prism 6.0 software (San Diego, CA, USA). Spearman’s coefficient (σ) was used to assess correlations between plasma cytokines, and between plasma cytokines with clinical, biochemical, and anthropometric parameters. The correlations were expressed by lines in representative diagrams, named cytokines correlations networks. Strong correlations present σ higher than 0.63 and are represented by thick lines. Moderate correlations present σ between 0,62-0,40 and are represented by thin lines. The confidence interval assumed was 95% and significant statistical differences were considered when p<0.05.




Results


NAFL and NASH Patients Present Distinct Clinical and Biochemical Profiles

NAFL and NASH patients were mostly women, with a median age of 60 years (19–67). They presented obesity (BMI>30kg/m²) and increased waist circumference, mainly NASH patients, and the majority of the patients exhibited several risk factors related to metabolic syndrome (Table 1). Regarding fasting glycemia and glycated hemoglobin (HbA1c), significantly higher values were observed in NASH patients than in the control group and upper limit of normality. High values of very-low-density lipoprotein (VLDL) and triglycerides (TGL), and lower levels of high-density lipoprotein (HDL) were observed in NAFL and NASH patients compared to the control group; furthermore, the values of total cholesterol, HDL and TGL were also found out of limits of normality (Table 1).

Regarding liver enzymes, NAFL and NASH patients showed significantly higher values of aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT) and alkaline phosphatase (ALP) when compared to the control group. However, exclusively AST and GGT were the upper limits of normality in the NASH group. The prevalence of NAFL and NASH patients with alterations in the liver enzyme profile was 64,5%, being higher in the NASH group (80%), taking into account changes in any of the enzymes evaluated (limit of normality). Direct bilirubin showed a slight increase in the NAFL group in comparison with the limit of normality (Table 1). Finally, NASH patients display lower platelet frequencies and higher liver stiffness when compared to the NAFL group. All other parameters evaluated did not show statistically significant differences and were within the limit of normality (Table 1).



Different Plasma Levels of Cytokines Can Be Associated With Liver Damage Progress

We investigate the plasma levels of IL-1β, IL-6, IL-12, TNF, and IL-10 cytokines (Figure 1A) in control heathy individuals, NAFL, and NASH patients. NASH patients showed higher levels of IL-6 (Figures 1A) when compared with the control group. Other significant differences were not observed. In addition, we investigated the ratio between the anti-inflammatory cytokine IL-10 and pro-inflammatory markers IL-12, TNF, IL-6, and IL-1β, the ratio between them were evaluated. We observed that only NASH patients have an imbalance between IL-10/IL-6 when compared to the control group (Figure 1B). Regarding the ratio IL-10 between IL-12, TNF, and IL-1β no significant differences were observed (data not shown).




Figure 1 | Plasma levels of cytokines. (A) Plasma levels (pg/mL) of IL-12, TNF, IL-6, IL1β, and IL-10 cytokines assayed by flow cytometry. (B) Ratio between IL-10 and IL-6 in healthy individuals and patients with NAFL and NASH. The groups evaluated were healthy individuals (Control, n=11) and patients with simple steatosis (NAFL, n=16) and nonalcoholic steatohepatitis (NASH, n=15). Significant differences (p < 0.05) between groups are evidenced by lines and asterisks (*) according to unpaired Kruskal-Wallis test (nonparametric data), followed by Dunn’s post hoc test. *p < 0.05.





Cytokines Signatures Showed That IL-10 Production Is Lost in the NAFLD Patients Decrease

We used both heatmap and overlapping signature curves to delineate the profile of high and low producers of plasma cytokines in control, NAFL, and NASH groups. The NAFL and NASH heatmaps seem to display similar profiles, presenting low producers of inflammatory cytokines associated with lower IL-10 production. Whilst, the control group had low producers of inflammatory cytokines, except by IL1β, and had high producers of IL10 (Figure 2A).




Figure 2 | Cytokines signature patterns. (A) Heatmap of high and low producers of cytokines. (B) The overlapping signature curves represent the frequency of individuals high and low producers. The groups evaluated were healthy individuals (Control, n=11) and patients with simple steatosis (NAFL, n=16) and nonalcoholic steatohepatitis (NASH, n=15). High producers were represented on heatmap by green, low producers by red, and global group median by yellow. Overlapping signature curves were delineated using the percentage of high and low producers based on the global median of each molecule. The frequencies higher than 50% were consider high producers for the group and highlighting each marker by bold and rectangles.



Regarding the signature curves that evaluate the frequency of individuals high producers of each molecule, we observed that NASH patients were high producers of IL-12 (53,3%) and IL-6 (73,7%). However, NAFL patients were not high producers any cytokines and control individuals were high producers of only IL-12 (54,6%) (Figure 2B).



Liver Damage Seems to Induce Changes in Cytokines Networks

We used correlation analyzes to explore the relationship between plasma levels of cytokines in control, NAFL, and NASH groups. We demonstrated that the control group presented a more robust network with numerous internode connectivity between inflammatory and regulatory cytokines compared to NAFL and NASH groups (Figure 3). Besides, in NAFL and NASH groups a substantial loss in the number of significant interactions between biomarkers was observed when compared to control group (Figure 3). In the NAFL group, IL-6 was positively correlated with IL-10, while in NASH group, IL-6 appears to be correlated with TNF and IL-12 (Figure 3). IL-10 seems to be crucial in modulating the immune response, as the loss of these correlations overlaps with liver damage in NASH patients (Table 2).




Figure 3 | Cytokines correlations networks. The groups evaluated were healthy individuals (Control, n=11) and patients with simple steatosis (NAFL, n=16) and nonalcoholic steatohepatitis (NASH, n=15). Correlation networks between cytokines of control (A), NAFL (B), and NASH (C) groups. Strong correlations present σ higher than 0.63 and are represented by thick lines. Moderate correlations present σ between 0,62-0,40 and are represented by thin lines. The continuous lines represent positive correlations and the traced lines represent the negative correlations. Statistical significance was defined by p < 0.05.





Integrative Biomarker Network Analysis Revealed That Cytokines Are Differently Correlated With Clinical Parameters

In general, NAFL patients showed moderate and negative correlations between IL-12, TNF, and IL-10 with glycemic and lipidic profiles, liver function parameters, and hepatic damage indexes (Figure 4). IL-12 was negatively correlated with fasting glucose, HbA1c, and indirect bilirubin, and positively associated with direct bilirubin. TNF was negatively correlated with total cholesterol, LDL, and ALP levels. IL-10 was negatively associated with fasting glucose, HbA1c, and LDL levels. On the other hand, NASH patients showed strong and positive correlations between IL-12 and TNF with the NAFLD liver fibrosis score, CAP, and Kpa (transient elastography) (Figure 4).




Figure 4 | Exploratory model of biomarkers network of cytokines with clinical parameters in nonalcoholic fatty liver disease progression range. The groups evaluated were patients with simple steatosis (NAFL, n=16) and nonalcoholic steatohepatitis (NASH, n=15). Strong correlations present σ higher than 0.63 and are represented by thick lines. Moderate correlations present σ between 0,62-0,40 and are represented by thin lines. The continuous lines represent positive correlations and the traced lines represent the negative correlations. Statistical significance was defined by p < 0.05 Progressive scale was demonstrated by yellow to dark red gradient. Glycemic profile was showed in yellow, lipid profile was showed in orange, liver function and hepatic damage in red, and liver fibrosis parameters in dark red. HbA1c, glycated hemoglobin; LDL, low-density lipoprotein; VLDL, very-low-density lipoprotein; AST, Aspartate aminotransferase; ALP, alkaline phosphatase; CAP, controlled attenuation parameter (liver steatosis degree); Kpa, kilopascal (liver stiffness); FIB-4, Fibrosis-4 score; NAFLD score, Nonalcoholic fatty liver disease fibrosis score.






Discussion

NAFLD has emerged as the most prevalent chronic liver disease all over the world (2) and recent studies suggest that women are at higher risk of NAFLD than men, mainly in the post-menopause stage (30, 31). However, its immunopathology remains unclear, being necessary a non-invasive biomarker that could accurately determine disease severity and prognosis to replace the need for liver biopsy (22, 32, 33). Soluble inflammatory mediators, such as pro-inflammatory cytokines might act promoting and modulating crucial processes during onset and evolution of NAFLD and liver regeneration following injury, being targets of novel therapies and studies about non-invasive biomarkers in the last years (16, 34–36). Despite that, the role of the immune response in patients with NAFLD, in particular, the relationship between the levels of inflammatory/regulatory cytokines and the course of liver damage is still unclear. Our data showed that IL-6, IL-12, and TNF associated with insufficient IL-10 modulation might favor liver inflammation, leading to development of metabolic disturbances and increasing the chances of liver damage associated with fibrosis during the progression of NAFLD.

According to the ‘two-hits’ hypothesis, insulin resistance, oxidative stress, and immune cell activation are candidate elements of the pathogenic transition from simple steatosis to steatohepatitis (37). Proinflammatory and regulatory cytokines, such as IL-6, IL-12, TNF, and IL-10 are believed to play a central role in these processes. The role of IL-6 in NAFLD is closely associated with obesity and insulin resistance (38). Some studies have shown that IL-6 plasma concentrations may be positively correlated with systemic insulin resistance, IL-6 liver expression, hepatic inflammation, and fibrosis degree in NAFLD patients (39–41). In contrast, it also has been demonstrated that IL-10 protects skeletal muscle, adipose, and hepatic tissues from insulin resistance mediated by action of IL -6 (16, 42). We observed that NASH patients showed higher levels of IL-6 associated with lower IL-10/IL-6 ratio when compared to controls, suggesting insufficient anti-inflammatory compensation in this group. On the other hand, NASH patients lose the positive correlation between IL-6 and IL-10, while assuming a positive correlation between IL-6, IL-12, and TNF, implying that IL-10 could modulate IL-6 activity in control individuals and NAFL patients, but not in NASH group.

In this context, an overproduction of proinflammatory cytokines, such as TNF and IL-6 connected to a defect in the function or production of anti-inflammatory cytokine IL-10 could increase nitric oxide and lipid peroxidation, enhancing steatosis severity (43) as observed in histological founds of NASH group. This proinflammatory microenvironment could also favor worse glycemic control and higher prevalence of diabetic patients, as observed in the NASH group (86,7%), leading to the development of comorbidities related to metabolic syndrome.

TNF has a dual effect on the physiology of the liver due to its ability to induce both hepatocyte cell death and hepatocyte proliferation (44, 45). Circulating TNF levels have been reported to be higher in patients with NASH than in patients with steatosis and control individuals (39, 40). Besides, we did not find any statistically significant in TNF levels between the study groups, TNF levels were significantly correlated with steatosis degree (CAP), liver stiffness (Kpa), and NAFLD liver fibrosis score, suggesting a chronic liver injury and inflammation in progression. It has also been demonstrated that TNF production may be important to the first event in liver injury (45), triggering the production of other cytokines, such as IL-12, which is responsible for recruiting inflammatory cells, destroying hepatocytes and initiating a healing response, including liver fibrogenesis (46).

Our results identified a relationship between these inflammatory mediators, biochemical profiles, and disease severity in NAFLD patients. We observed that IL-10 and IL-12 were negatively correlated with the glycemic profile in NAFL group. It suggests that, in the initial phase of the disease, IL-10 and IL-12 could be related to insulin resistance (1° hit). Conversely, in the NASH group, IL-12 was positively correlated with NAFLD fibrosis score, while IL-10 did not demonstrate any correlations in this group, indicating that these patients lose IL-10 anti-inflammatory modulation and IL-12 may be related to the disease progression.

Contiguous to this, we observed that IL-12 was positively correlated with the discreet increase in direct bilirubin in NAFL group, which has been inversely associated with NAFLD prevalence independent of the number of metabolic risk factors (47, 48), suggesting that it might be a protective biomarker for NAFLD due to its antioxidant and cytoprotective effects. Despite borderline levels of direct bilirubin found in NASH group, the same correlation was not observed, indicating that, in this case, direct bilirubin was not able to promote a similar effect.

Another topic that involves IL-6 deserves to be discussed. The importance of this cytokine in inflammatory responses and in a worse prognosis during NAFLD is well established in hepatology. Our data supported this theory when we observed higher levels of IL-6 in the NASH group, accompanied by higher percentages of high-producers of this cytokine in NASH compared to NAFL and the control groups. However, our findings did not demonstrate significant correlations of IL-6 with clinical parameters that assess liver function: elastography and liver fibrosis scores. This data suggests that IL-6 seems to play an important role in liver immunopathology, but it does not seem to be a good soluble biomarker. The absence of these correlations suggests that the IL-6 does not effectively reflects liver function as plasmatic marker, and cannot replace or be associated with a biopsy to assess NAFLD progression clinically.

Despite that, IL-12 and TNF showed a positive correlation with liver damage parameters (such as elastography and liver fibrosis scores), and negative correlations with clinical variables that assess early metabolic disorders. Indeed, IL-12 and TNF did not demonstrated significant plasmatic changes like IL-6 in the studied groups. However, through these correlations, these two cytokines have a potential to be characterized as plasma biomarkers, especially IL-12 by highest percentage of high producers in NASH group. It is also important to quote the sample size limitation in our study may have influenced this observation. Although preliminary, these data are very relevant to direct potential markers to be explored in larger populations in new studies.

Finally, we propose that cytokines might act in promoting and modulating crucial processes during the onset and evolution of NAFLD. We conclude that NAFL patients exhibited a balance between pro-inflammatory (IL-1β, IL-6, IL-12, and TNF) and regulatory (IL-10) cytokines concentrations, which were associated with the beginning of metabolic alterations in NAFLD context. However, an exacerbated production of inflammatory cytokines followed by insufficient IL-10 modulation might favor the liver inflammation, contributing to the appearance of the metabolic disturbances and increasing the chances of liver damage associated with fibrosis development. Therefore, plasma concentration analysis of these molecules and its association with clinical parameters may be used in the future as new strategy to monitoring NAFLD progression and as prognostic biomarkers for NASH.



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 author.



Ethics Statement

The studies involving human participants were reviewed and approved by Ethics Committee of the Federal University of Minas Gerais (CAAE 56184716.3.0000.5149 and CAAE 67583317.3.0000.5149). The patients/participants provided their written informed consent to participate in this study.



Author Contributions

Conceived and designed the experiments: JG. Performed the experiments: TM-C, MB-B, RM, and BS. Analyzed the data: TM-C, NM, BP, and JG. Contributed reagents/materials/analysis tools: JG and WD. Select and lead clinical management of patients: CC, TF, and LF. Histopathological analysis: PV. Wrote the paper: TM-C. Critical revision of the manuscript for important intellectual content: JG, NM, and WD. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by grants from Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq, Brazil - #439942/2018), Fundação de Amparo á Pesquisa do Estado de Minas Gerais (FAPEMIG, Brazil - #PPM-00233-17), Pró-Reitoria de Pesquisa da Universidade Federal de Minas Gerais-PRPq, Brazil, and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES). The funders had no role in study design, data collection, and analysis, decision to publish, or preparation of the manuscript.



Acknowledgments

The authors would like to thank Fábio Cassirrer Costa for blood samples collection.



References

1. Younossi, ZM, Koenig, AB, Abdelatif, D, Fazel, Y, Henry, L, and Wymer, M. Global Epidemiology of Nonalcoholic Fatty Liver Disease—Meta-Analytic Assessment of Prevalence, Incidence, and Outcomes. Hepatology (2016) 64(1):73–84. doi: 10.1002/hep.28431

2. Younossi, ZM. Non-Alcoholic Fatty Liver Disease – A Global Public Health Perspective. J Hepatol (2019) 70(3):531–44. doi: 10.1016/j.jhep.2018.10.033

3. Cotrim, HP, Parise, ER, Oliveira, CPMS, Leite, N, Martinelli, A, Galizzi, J, et al. Nonalcoholic Fatty Liver Disease in Brazil. Clinical and Histological Profile. Ann Hepatol (2011) 10(1):33–7. doi: 10.1016/S1665-2681(19)31584-4

4. Chalasani, N, Younossi, Z, Lavine, JE, Diehl, AM, Brunt, EM, Cusi, K, et al. The Diagnosis and Management of Non-Alcoholic Fatty Liver Disease: Practice Guideline by the American Association for the Study of Liver Diseases, American College of Gastroenterology, and the American Gastroenterological Association. Hepatology (2012) 55(6):2005–23. doi: 10.1002/hep.25762

5. Chalasani, N, Younossi, Z, Lavine, JE, Charlton, M, Cusi, K, Rinella, M, et al. The Diagnosis and Management of Nonalcoholic Fatty Liver Disease: Practice Guidance From the American Association for the Study of Liver Diseases. Hepatology (2018) 67(1):328–57. doi: 10.1002/hep.29367

6. EASL–EASD–EASO. EASL–EASD–EASO Clinical Practice Guidelines for the Management of Non-Alcoholic Fatty Liver Disease. J Hepatol (2016) 64:1388–402. doi: 10.1016/j.jhep.2015.11.004

7. Wong, RJ, Aguilar, M, Cheung, R, Perumpail, RB, Harrison, SA, Younossi, ZM, et al. Nonalcoholic Steatohepatitis Is the Second Leading Etiology of Liver Disease Among Adults Awaiting Liver Transplantation in the United States. Gastroenterology (2015) 148:547–55. doi: 10.1053/j.gastro.2014.11.039

8. Lumeng, CN, and Saltiel, AR. Review Series Inflammatory Links Between Obesity and Metabolic Disease. Life Sci (2011) 121(6):2111–7. doi: 10.1172/JCI57132

9. Tilg, H, and Moschen, AR. Evolution of Inflammation in Nonalcoholic Fatty Liver Disease: The Multiple Parallel Hits Hypothesis. Hepatology (2010) 52(5):1836–46. doi: 10.1002/hep.24001

10. Haukeland, JW, Damås, JK, Konopski, Z, Løberg, EM, Haaland, T, Goverud, I, et al. Systemic Inflammation in Nonalcoholic Fatty Liver Disease Is Characterized by Elevated Levels of CCL2. J Hepatol (2006) 44(6):1167–74. doi: 10.1016/j.jhep.2006.02.011

11. Paredes-Turrubiarte, G, González-Chávez, A, Pérez-Tamayo, R, Salazar-Vázquez, BY, Hernández, VS, Garibay-Nieto, N, et al. Severity of Non-Alcoholic Fatty Liver Disease Is Associated With High Systemic Levels of Tumor Necrosis Factor Alpha and Low Serum Interleukin 10 in Morbidly Obese Patients. Clin Exp Med (2016) 16(2):193–202. doi: 10.1007/s10238-015-0347-4

12. Rabelo, F, Oliveira, CPMS, Faintuch, J, Mazo, DFC, Lima, VMR, Stefano, JT, et al. Pro-And Anti-Inflammatory Cytokines in Steatosis and Steatohepatitis. Obes Surg (2010) 20(7):906–12. doi: 10.1007/s11695-010-0181-4

13. Niederreiter, L, and Tilg, H. Cytokines and Fatty Liver Diseases. Liver Res (2018) 2(1):14–20. doi: 10.1016/j.livres.2018.03.003

14. El-Emshaty, HM, Nasif, WA, and Mohamed, IE. Serum Cytokine of IL-10 and IL-12 in Chronic Liver Disease: The Immune and Inflammatory Response. Dis Markers (2015) 2015:1–7. doi: 10.1155/2015/707254

15. Den Boer, MAM, Voshol, PJ, Schröder-van Der Elst, JP, Korsheninnikova, E, Ouwens, DM, Kuipers, F, et al. Endogenous Interleukin-10 Protects Against Hepatic Steatosis But Does Not Improve Insulin Sensitivity During High-Fat Feeding in Mice. Endocrinology (2006) 147(10):4553–8. doi: 10.1210/en.2006-0417

16. Majeed, NAA, Ramadan, KS, and Khalil, OA. Level of Pro-And Anti-Inflammatory Cytokines In Non-Alcoholic Fatty Liver Disease in Egyptian Patients. IRACST Int J Res Manag Technol (2012) 2(2):2249–9563.

17. Kleiner, DE, Brunt, EM, Van Natta, M, Behling, C, Contos, MJ, Cummings, OW, et al. Design and Validation of a Histological Scoring System for Nonalcoholic Fatty Liver Disease. Hepatology (2005) 41(6):1313–21. doi: 10.1002/hep.20701

18. Cabezas, J, Mayorga, M, and Crespo, J. Nonalcoholic Fatty Liver Disease: A Pathological View. In: Liver Biopsy - Indications, Procedures, Results. Nobumi Tagaya: IntechOpen (2012).

19. Vonghia, L, and Francque, S. Cross Talk of the Immune System in the Adipose Tissue and the Liver in Non-Alcoholic Steatohepatitis: Pathology and Beyond. World J Hepatol (2015) 7(15):1905–12. doi: 10.4254/wjh.v7.i15.1905

20. Bocsan, IC, Pop, RM, Vesa, SC, Buzoianu, AD, Milaciu, MV, Ciumarnean, L, et al. Cytokines Genotype-Phenotype Correlation in Nonalcoholic Steatohepatitis. Oxid Med Cell Longev (2017) 2017:1–7. doi: 10.1155/2017/4297206

21. Mannaa, FA, and Abdel-Wahhab, KG. Physiological Potential of Cytokines and Liver Damages. Hepatoma Res (2016) 2(6):131. doi: 10.20517/2394-5079.2015.58

22. Wong, VWS, Adams, LA, de Lédinghen, V, Wong, GLH, and Sookoian, S. Noninvasive Biomarkers in NAFLD and NASH — Current Progress and Future Promise. Nat Rev Gastroenterol Hepatol (2018) 15(8):461–78. doi: 10.1038/s41575-018-0014-9

23. WHO. Physical Status: The Use and Interpretation of Anthropometry. Report of a WHO Expert Committee Vol. 854. Geneve: World Health Organization technical report series (1995) p. 1–452.

24. (WHO). Obesity: Preventing and Managing the Global Epidemic. Geneve: WHO (2000). p. 253.

25. Cast́era, L, Foucher, J, Bernard, PH, Carvalho, F, Allaix, D, Merrouche, W, et al. Pitfalls of Liver Stiffness Measurement: A 5-Year Prospective Study of 13,369 Examinations. Hepatology (2010) 51(3):828–35. doi: 10.1002/hep.23425

26. Castera, L, Friedrich-Rust, M, and Loomba, R. Noninvasive Assessment of Liver Disease in Patients With Nonalcoholic Fatty Liver Disease. Gastroenterol [Internet] (2019) 156(5):1264–81.e4. doi: 10.1053/j.gastro.2018.12.036

27. Medeiros, NI, and Gomes, JAS. Cytometric Bead Array (CBA) for Measuring Cytokine Levels in Chagas Disease Patients. Methods Mol Biol (2019) 1955:309–14. doi: 10.1007/978-1-4939-9148-8_23

28. Campi-Azevedo, AC, de Araújo-Porto, LP, Luiza-Silva, M, Batista, MA, Martins, MA, Sathler-Avelar, R, et al. 17DD and 17D-213/77 Yellow Fever Substrains Trigger a Balanced Cytokine Profile in Primary Vaccinated Children. PloS One (2012) 7(12):e49828. doi: 10.1371/journal.pone.0049828

29. Cassirer-Costa, F, Medeiros, NI, Chaves, AT, Lyon, S, Coelho-dos-Reis, JGA, Ribeiro-Junior, AF, et al. Cytokines as Biomarkers to Monitoring the Impact of Multidrug Therapy in Immune Response of Leprosy Patients. Cytokine [Internet] (2017) 97:42–8. doi: 10.1016/j.cyto.2017.05.020

30. Summart, U, Thinkhamrop, B, Chamadol, N, Khuntikeo, N, Songthamwat, M, and Kim, CS. Gender Differences in the Prevalence of Nonalcoholic Fatty Liver Disease in the Northeast of Thailand: A Population-Based Cross-Sectional Study. F1000Research (2017) 6(0):1630. doi: 10.12688/f1000research.12417.1

31. Ballestri, S, Nascimbeni, F, Baldelli, E, Marrazzo, A, Romagnoli, D, and Lonardo, A. NAFLD as a Sexual Dimorphic Disease: Role of Gender and Reproductive Status in the Development and Progression of Nonalcoholic Fatty Liver Disease and Inherent Cardiovascular Risk. Adv Ther (2017) 34(6):1291–326. doi: 10.1007/s12325-017-0556-1

32. Kar, S, Paglialunga, S, Jaycox, SH, Islam, R, and Paredes, AH. Assay Validation and Clinical Performance of Chronic Inflammatory and Chemokine Biomarkers of NASH Fibrosis. PloS One (2019) 14(7):1–14. doi: 10.1371/journal.pone.0217263

33. Neuman, MG, and Cohen RN, LB. Biomarkers in Nonalcoholic Fatty Liver Disease. Can J Gastroenterol Hepatol (2014) 28(11):607–18. doi: 10.1155/2014/757929

34. Perito, ER, Ajmera, V, Bass, NM, Rosenthal, P, Lavine, JE, Schwimmer, JB, et al. Association Between Cytokines and Liver Histology in Children With Nonalcoholic Fatty Liver Disease. Hepatol Commun (2017) 1(7):609–22. doi: 10.1002/hep4.1068

35. Casagrande, BP, Gomes, MFP, Moura, EOC, Santos, ACC, Kubota, MC, Ribeiro, DA, et al. Age-Dependent Hepatic Alterations Induced by a High-Fat High-Fructose Diet. Inflamm Res (2019) 68:359–68. doi: 10.1007/s00011-019-01223-1

36. Schaefer, E, Wu, W, Mark, C, Yang, A, DiGiacomo, E, Carlton-Smith, C, et al. Intermittent Hypoxia Is a Proinflammatory Stimulus Resulting in IL-6 Expression and M1 Macrophage Polarization. Hepatol Commun (2017) 1(4):326–37. doi: 10.1002/hep4.1045

37. Day, CP, and James, OFW. Steatohepatitis: A Tale of Two “Hits”? Gastroenterology (1998) 114(4 I):842–5. doi: 10.1016/S0016-5085(98)70599-2

38. Klover, PJ, Clementi, AH, and Mooney, RA. Interleukin-6 Depletion Selectively Improves Hepatic Insulin Action in Obesity. Endocrinology (2005) 146(8):3417–27. doi: 10.1210/en.2004-1468

39. Jarrar, MH, Baranova, A, Collantes, R, Ranard, B, Stepanova, M, Bennett, C, et al. Adipokines and Cytokines in non-Alcoholic Fatty Liver Disease. Aliment Pharmacol Ther (2008) 27(5):412–21. doi: 10.1111/j.1365-2036.2007.03586.x

40. Baranova, A, Schlauch, K, Elariny, H, Jarrar, M, Bennett, C, Nugent, C, et al. Gene Expression Patterns in Hepatic Tissue and Visceral Adipose Tissue of Patients With Non-Alcoholic Fatty Liver Disease. Obes Surg (2007) 17(8):1111–8. doi: 10.1007/s11695-007-9187-y

41. Wieckowska,,A, Papouchado, BG, Li, ZZ, Lopez, R, Zein, NN, and Feldstein, AE. Increased Hepatic and Circulating Interleukin-6 Levels in Human Nonalcoholic Steatohepatitis. Am J Gastroenterol (2008) 103(6):1372–9. doi: 10.1111/j.1572-0241.2007.01774.x

42. Straczkowski, M, Kowalska, I, Nikolajuk, A, Krukowska, A, and Gorska, M. Plasma Interleukin-10 Concentration Is Positively Related to Insulin Sensitivity in Young Healthy Individuals. Diabetes Care (2005) 28(8):2036–7. doi: 10.2337/diacare.28.8.2036

43. Zhang, X, Tachibana, S, Wang, H, Hisada, M, Williams, GM, Gao, B, et al. Interleukin-6 Is an Important Mediator for Mitochondrial DNA Repair After Alcoholic Liver Injury in Mice. Hepatology (2010) 52(6):2137–47. doi: 10.1002/hep.23909

44. Wullaert, A, Van Loo, G, Heyninck, K, and Beyaert, R. Hepatic Tumor Necrosis Factor Signaling and Nuclear Factor-κb: Effects on Liver Homeostasis and Beyond. Endocr Rev (2007) 28(4):365–86. doi: 10.1210/er.2006-0031

45. Schwabe, RF, and Brenner, DA. Mechanisms of Liver Injury. I. TNF-α-Induced Liver Injury: Role of IKK, JNK, and ROS Pathways. Am J Physiol - Gastrointest Liver Physiol (2006) 290(4):583–9. doi: 10.1152/ajpgi.00422.2005

46. Xiaojing, M. TNF-A and IL-12: A Balancing Act in Macrophage Functioning. Microbes Infect (2001) 3:121–9. doi: 10.1016/S1286-4579(00)01359-9

47. Tian, J, Zhong, R, Liu, C, Tang, Y, Gong, J, Chang, J, et al. Association Between Bilirubin and Risk of Non-Alcoholic Fatty Liver Disease Based on a Prospective Cohort Study. Sci Rep (2016) 6(April):1–9. doi: 10.1038/srep31006

48. Kwak, M-S, Kim, D, Chung, GE, Kang, SJ, Park, MJ, Kim, YJ, et al. Serum Bilirubin Levels are Inversely Associated With Nonalcoholic Fatty Liver Disease. Clin Mol Hepatol (2013) 18(4):383. doi: 10.3350/cmh.2012.18.4.383




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 © 2021 Fontes-Cal, Mattos, Medeiros, Pinto, Belchior-Bezerra, Roque-Souza, Dutra, Ferrari, Vidigal, Faria, Couto and Gomes. 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.2021.708959_cover.jpg
’ frontiers
in Immunology

Crosstalk Between Plasma
Cytokines, Inflammation, and Liver
Damage as a New Strategy to
Monitoring NAFLD Progression





OEBPS/Images/fimmu-12-708959-g002.jpg
23456789100

NAFL NasH

2545678 9101 1213141516 123456780

ap o <O-conRoL

T e g e Sxan

[ [ TR S






OEBPS/Images/fimmu-12-708959-g004.jpg
wip

“Total biliru

-
’
‘Simple Sicatosis (NAFL)






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Crosstalk Between Plasma Cytokines, Inflammation, and Liver Damage as a New Strategy to Monitoring NAFLD Progression

      

        		

          Introduction

        



        		

          Population, Materials, and Methods

        

          		

            Study Population

          



          		

            Ethics Statement

          



          		

            Clinical, Biochemical, and Anthropometric Profiles

          



          		

            Histological Evaluation

          



          		

            Cytometric Bead Array Immunoassay

          



          		

            Cytokines Patterns Signatures

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            NAFL and NASH Patients Present Distinct Clinical and Biochemical Profiles

          



          		

            Different Plasma Levels of Cytokines Can Be Associated With Liver Damage Progress

          



          		

            Cytokines Signatures Showed That IL-10 Production Is Lost in the NAFLD Patients Decrease

          



          		

            Liver Damage Seems to Induce Changes in Cytokines Networks

          



          		

            Integrative Biomarker Network Analysis Revealed That Cytokines Are Differently Correlated With Clinical Parameters

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-12-708959-g001.jpg
penl.

[R5 ) ™F e —

LA101L6 Rato

wip

O G i A St i APy Q) s A






OEBPS/Images/table2.jpg
Liver histopathological parameters

Steatosis grade

Balloning hepatocytes

Inflamatory activity

Liver fibrosis

%]

AOWN-O0OWN=-0N=0WN = O

NAFL (n=16) n (%)

1(6,25%)
2 (75%)
3(18,75%)
0(0%)

8 (50%)
6 (37,5%)
2(12,5%)
7 (43,75%)
9 (56,25%)
0(0%)
0(0%)
16 (100%)
0(0%)
0(0%)
0(0%)
0(0%)

S, Scores; NAFLD, Nonalcoholic fatty liver disease; NAFL, Simple steatosis; NASH, Nonalcoholic steatohepatitis.

NASH (n=15) n (%)

0 (0%)
1(6,7%)
10 (66,7%)
4 (26,6%)
0 (0%)

5 (33.3%)
10 (66,7%)
0 (0%)

7 (46,5%)
6 (40%)





OEBPS/Images/fimmu-12-708959-g003.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/table1.jpg
Total N
Male (%)
Female (%)
NAS
Parameters
Age, years
Height, cm
Weight, kg
BMI, kg/m?
Waist circumference, cm
Fasting glucose, mg/dL
HbA1c, %
Total Cholesterol, mg/dL
LDL, mg/dL
HDL, mg/dL
VLDL, mg/dL
Triglycerides, mg/dL.
Aspartate aminotransferase, U/L
Alanine aminotransferase, U/L
Gamma glutamy! transferase, U/L
Alkaline Phosphatase, U/L
Albumin, g/dL
Total bilirubin, mg/dL
Direct bilirubin, mg/dL
Indirect bilirubin, mg/dL
Leukocytes, x10%/mm?2
Platelets, x10%/mm?2
Liver stiffiness, Kpa
CAP score, dB/m

NAFLD

NAFL

16
2 (12,5%)
14 (87,5%)
<5

59 (19-66)
1,57 (1,42-1,67)
75,3 (60,4-107,5)*
31,75 (26,0-41,52)*
100 (87-128)
95,5 (79-158)
5,8 (5,1-10,0)
205,5 (119-266)
120,5 (66,2-175,7)
43 (32-65)*
36,0 (7-54)*
188 (37-271)*
30 (15-73)*
38,5 (19-241)*
38,5 (21-471)*
79,5 (43-265)*
4,22 (3,65,1)
0,66 (0,29-0,93)
0,35 (0,04-0,55)
0,27 (0,07-0,90)
7,16 (4,66-12,13)
283 (190-418)"
4,9 (3,2-7,9)"
291 (231-391)

NASH

15
3 (20%)
12 (80%)
>5

61 (48-67)
1,58 (1,43-1,73)
82,8 (67,0-104,7)*
34,72 (28,60-39,02)*
110 (98-119)*
126,0 (83-322)*
8,0 (5,4-10,2)*
197,0 (157-254)
117,9 (35,0-165,5)
42 (25-105)*
34 (22-78,4)*
168 (108-392)*
52 (18-96)*

57 (19-129)*
55 (15-575)*
83 (50-144)*
4,21(3,68-4,7)
0,54 (0,3-097)
0,29 (0,09-0,62)
0,3(0,1-06)
6,9 (5,56-11,01)
205 (77-314)*
9,8 (5,6-28,8)"
318,5 (177-358)

HI
Control

"
1(9%)
10 (91%)
NE

38 (26-49)
1,63 (1,48-1,83)
62,0 (43,5-82,0)

23,04 (19,0-24,99)

78 (65,5-87)
83 (77-95)
5.3 (5,2-5,5)
181 (160-204)
105 (89-122)
57 (42-75)
13 (9-20)
59 (37-96)
16 (11-23)
12 (6-27)
13,5 (6-43)
44 (4-56)
NE
NE
NE
NE
6,05 (3,56-8,1)
245 (150-322)
NE
NE

NAFLD, Nonalcoholic fatty liver disease; Hi, Healthy individuals; NAFL, Nonalcoholic fatty liver; NASH, Nonalcoholic steatohepatitis; NAS, Nonalcoholic fatty liver disease activity score;
BMI, Body Mass Index; WC, Waist circumference; HbA1c - Hemoglobin A1c (glycated hemoglobin); LDL, Low-density lipoprotein; HDL, High-density lipoprotein; VLDL, Very low-density
lipoprotein; AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; GGT, Gamma-glutamyl transferase; ALP, Alkaline phosphatase; CAP - Controlled attenuation parameter;
NE, Not evaluated. Significant diifferences at p < 0.05 between patients with NAFLD (NAFL/NASH) and the control group are evidenced by bold and asterisks (*), and between NAFL and
NASH patients by italic and hashtags (#). According to unpaired and nonparametric Kruskal-Wallis test, folowed by Dunn'’s post hoc test the values of each parameter were represented by

median, minimum, and maximum.





