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Abstract

:

Simple Summary


Adiponectin and leptin are adipokines secreted by the adipose tissue that have been associated with several chronic diseases including cancer. We compared two methods for their measurement and investigated their association with breast cancer. We measured adiponectin and leptin with the automated ELLA platform and a manual commercially available enzyme-linked immunosorbent assay (ELISA) kit on serum samples of women enrolled in two international breast cancer prevention trials. We found a good concordance between the two methods and our results support the association of low adiponectin levels with breast cancer, irrespective of the method used. The take-home message is that ELLA is a very robust platform that represents a step forward for the future use of adipokines, along with other biomarkers, in clinical cancer risk assessment and prevention. Its use should be taken into account whenever biomarkers should be measured in a large cohort of patients for clinical validation or cancer association studies.




Abstract


Adiponectin and leptin are adipokines secreted by the adipose tissue that are associated with several chronic diseases including cancer. We aimed to compare the immunoassay platform ELLA with an enzyme-linked immunosorbent assay (ELISA) kit and to assess whether the results of the association analyses with breast cancer risk were dependent on the assay used. We measured adiponectin and leptin with ELLA and ELISA on baseline serum samples of 116 Italian postmenopausal women enrolled in two international breast cancer prevention trials. Results were compared with Deming, Passing–Bablok regression and Bland–Altman plots. Disease-free survival was analyzed with the Cox model. There was a good correlation between the methods for adiponectin and leptin (r > 0.96). We found an increased breast cancer risk for very low adiponectin levels (HR for ELLA = 3.75; 95% CI: 1.37;10.25, p = 0.01), whereas no significant association was found for leptin levels. The disease-free survival curves were almost identical for values obtained with the two methods, for both biomarkers. The ELLA platform showed a good concordance with ELISA for adiponectin and leptin measurements. Our results support the association of very low adiponectin levels with postmenopausal breast cancer risk, irrespective of the method used. The ELLA platform is a time-saving system with high reproducibility, therefore we recommend its use for biomarker assessment.
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1. Introduction


Obesity is a huge burden worldwide, and its globally increasing prevalence in the last decades has reached epidemic proportions [1].



It is a major public health problem, since overweight and obese subjects are at a high risk of chronic diseases and multiple co-morbidities including diabetes, cardiovascular diseases and cancer [2]. A substantial loss of disease-free years associated with obesity is evident among men and women, irrespective of lifestyle factors [3].



Since the discovery of leptin in 1994 [4], it became apparent that the adipose tissue is not only an energy storage site, but a complex and highly active endocrine organ that regulates metabolic processes through the secretion of adipokines [5].



Leptin controls food intake and energy expenditure with a main function in the long-term regulation of appetite [6]. It is a pro-inflammatory adipokine and it has been suggested to mediate obesity-associated risk of cardiovascular diseases and to promote cancer through its actions in enhancing cell proliferation, reducing apoptosis and promoting migration and angiogenesis [7].



Adiponectin is an insulin-sensitizing hormone with anti-inflammatory, anti-atherogenic, antiangiogenic and antidiabetic properties. Low levels of circulating adiponectin have been associated with a variety of chronic diseases including type 2 diabetes, metabolic syndrome, coronary artery disease, polycystic ovarian syndrome, depressive disorders and cancer [6,7].



In the last decade, our group has focused on the association of adiponectin and leptin with breast cancer. Our results from original data [8,9] and meta-analysis [10] support the association of low adiponectin levels with increased risk of breast cancer.



Given the emerging role of adiponectin and leptin as risk biomarkers in cancer and other diseases, implementing laboratory methods could be useful for a personalized risk assessment.



Over the past few decades, different assays have been used, but a gold standard has not yet been established. One of the most common techniques is the enzyme-linked immunosorbent assay (ELISA), since many different kits are commercially available and easy to perform. However, ELISA kits require a long time span and the performance is subject to intra- and inter-assay variation by the operator and other analytical errors [11].



The aim of the present work was to compare adiponectin and leptin values obtained with a commercially available ELISA kit with those obtained with a new automated platform named ‘ELLA’. The comparison between the two methods was performed on healthy postmenopausal women at increased breast cancer risk due to age, family history, reproductive characteristics or high mammographic density, and on postmenopausal women with a resected Ductal Carcinoma In Situ (DCIS) of the breast. Furthermore, we aimed to verify whether similar estimates of association of adiponectin and leptin levels with breast cancer could be obtained with both methods.




2. Materials and Methods


2.1. Participant Selection


We randomly selected baseline frozen serum samples from the Italian cohort of postmenopausal women participating in the International Breast Cancer Intervention Study (IBIS)-II Prevention (n = 186) and DCIS (n = 348) trials.



The IBIS-II Prevention study is an international, double-blind, placebo-controlled phase III trial in which 3864 healthy postmenopausal women at increased breast cancer risk were randomized to receive anastrozole 1 mg/day or matching placebo for 5 years (EudraCT n. 2004-00391-12) [12] and were followed up for an additional 10 years. Briefly, the increased breast cancer risk was evaluated as at least two-fold the relative risk for breast cancer in the general population based on age, family history of breast or ovarian cancer, reproductive history or a mammographic density above 50%.



The IBIS-II DCIS study is an international, double-blind, phase III trial in which 2980 postmenopausal women with a resected estrogen receptor positive DCIS of the breast were randomized to receive anastrozole 1 mg/day or tamoxifen 20 mg/day for 5 years (EudraCT n. 2004-003992-35) [13] and were followed up for an additional 10 years.



Further details and results of the IBIS-II trials have been published elsewhere [12,13,14].



The trials were approved by the UK North West Multicentre Research Ethics Committee and by the ethics committees of all participating institutions. All participants provided written informed consent. This research was conducted in accordance with the Declaration of Helsinki.




2.2. Sample Collection and Storage


Fasting blood samples were collected at baseline (before treatment) for subjects randomized in the IBIS-II trials. Serum separator tubes were allowed to clot for 30 min before centrifugation for 10 min at 1850× g. Serum was aliquoted and stored at −80 °C.



We randomly drew out baseline serum samples from 116 subjects for adiponectin measurement and from 104 subjects for leptin measurement, based on specimen availability. The two cohorts of subjects partially overlapped. We measured adiponectin and leptin with two different methods.




2.3. ELISA


We used the Quantikine ELISA kits (R&D Systems, Bio-techne, Minneapolis, MN, USA) described below.



The “Quantikine Human Total Adiponectin/Acrp30 Immunoassay” is a solid-phase ELISA designed to measure total (low, middle and high molecular weight) human Adiponectin. The lower limit of quantitation (LLOQ) is 3.9 ng/mL, the upper limit of quantitation (ULOQ) is 250 ng/mL and the limit of detection (LOD) is 0.891 ng/mL. The assay time is 4.5 h.



The “Quantikine Human Leptin Imunoassay” is a solid-phase ELISA designed to measure soluble human Leptin. The LLOQ is 15.6 pg/mL, the ULOQ is 1000 pg/mL and the LOD is 7.8 pg/mL. The assay time is 3.5 h.



The absorbance of ELISA plates was read with the EpochTM Microplate Spectrophotometer (BioTek Instruments, Inc., Winooski, VT, USA), controlled with the Gen5 Software interface.



Both ELISA assays required a 100-fold dilution factor for serum samples that we performed with a single-step dilution.



In each Quantikine ELISA plate we ran 35 samples and 3 levels of Quality Controls (QCs, low, medium and high level from the Quantikine Immunoassay Control Set for Human Adiponectin and Leptin, R&D Systems) in duplicate and one internal control (pool of sera) in quadruplicate. The intra-assay coefficient of variation (CV) was evaluated by analyzing serum samples. The inter-assay CV was calculated for QCs and pool. We strictly followed the manufacturer’s instructions.




2.4. ELLA


ELLA (ProteinSimple, Bio-techne, Minneapolis, MN, USA) is a platform based on a microfluidic technology that allows the performance of automated enzyme linked immunoassays without manual steps. The only steps that need operator handling are the dilution of samples and the loading of diluted samples and washing buffer into the cartridge. The calibration curve for each cartridge is generated by the manufacturer for each lot and the ELLA system acquires calibration-related parameters through the reading of the cartridge’s barcode. The fluorescent signals are read inside the ELLA instrument and used for quantification based on master calibration curves. Further details on the ELLA platform have been clearly described elsewhere [15,16]. The assay time is 72 min. The cartridges are available in a multi- or single-analyte format.



We used 72-plex single-analyte cartridges for human adiponectin and leptin.



The adiponectin assay requires a 2000-fold dilution factor that we performed with a 3-step dilution as recommended by the manufacturer (1:20; 1:10; 1:10) and with a 2-step dilution (1:40; 1:50). We transferred a volume of 10 µL in each step of the dilutions. The LLOQ is 20.7 pg/mL, the ULOQ is 51,540 pg/mL and the LOD is 6.24 pg/mL for the adiponectin assay.



The leptin assay requires a single-step 1:10 dilution. The LLOQ is 2.20 pg/mL, the ULOQ is 13,810 pg/mL and the LOD is 1.71 pg/mL for the leptin assay.



In each cartridge we ran 69 samples, two levels of QCs (low and high level, Bio-techne) and one internal control (pool of sera). Samples and controls were automatically performed in triplicate by the ELLA system. The intra-assay CV was evaluated by analyzing serum samples. The inter-assay CV was calculated for QCs and pool.




2.5. Statistical Analysis


We present descriptive statistics of age, body mass index (BMI), adiponectin and leptin values obtained with ELISA and ELLA by disease status.



We tested the normality assumption of variables by Shapiro Wilk test and found that biomarkers, BMI and age are not normally distributed (p < 0.0002). Thus, we used the non-parametric Wilcoxon rank sum test to compare median values in the two studies.



We calculated the Pearson’s r coefficient in order to measure the strength of the correlation between the two variables. However, it is not a robust technique for the evaluation of the agreement between them [17] and it cannot detect systematic biases but random error only [18].



We then performed Passing–Bablok [19] and Deming regression [20] analyses for methods comparison in order to estimate the constant and the proportional errors by the intercept and the slope of the regression lines, respectively. The Passing–Bablok regression is not affected by the distribution of samples and measurement errors or data outliers, but it does not take into account random differences between methods [21]. The Deming regression assumes that the measurements by both methods are subjected to random errors [22]. We evaluated the agreement between the two methods by way of Bland–Altman plots [23], investigating the correspondent 95% limits of agreement (LoA) of the mean difference [17]. We repeated the Bland–Altman analysis separately on low and high values of adiponectin and leptin, using as cut-offs the first and the third quartile for adiponectin and leptin, respectively, as for the following survival analysis (see below).



The Spearman correlation coefficient was also calculated to estimate relationships between the variables.



Disease-free survival (DFS) was calculated including subjects with resected DCIS and high risk healthy subjects. For both groups, the event of interest was a diagnosis of breast cancer or DCIS. DFS curves were estimated with the Kaplan–Meyer method and the independent association of leptin and adiponectin with breast events was investigated with Cox proportional hazard models. We present hazard ratios for breast cancer, adjusting for risk strata and treatment arms.





3. Results


3.1. Baseline Characteristics of Subjects


Table 1 shows baseline median and interquartile ranges (IQR) values of age, BMI, serum adiponectin and leptin levels measured with the two methods by disease status (healthy at increased risk subjects from the Prevention IBIS-II Trial versus subjects with resected DCIS from the DCIS IBIS-II Trial).



We did not observe statistically significant differences for any of the variables except for a slightly higher BMI in healthy compared to DCIS subjects.




3.2. Assay Precision of ELISA and ELLA Methods


Adiponectin and leptin were detectable in all samples using the ELISA and ELLA methods.



The adiponectin and leptin median values, IQRs and minimum and maximum values are reported in Table 2.



Considering replicates of the same sample, we obtained intra-assay CVs below 5% and inter-assay CVs below 10% with ELLA or ELISA methods for adiponectin. The intra-assay CVs for leptin were below 2% for both methods, whereas the inter-assay CVs were below 10% except for QCs assessed with the ELISA method that showed an inter-assay CV of 16.63% (Table 2).




3.3. Methods Comparison ELISA vs. ELLA


3.3.1. Adiponectin


We first compared adiponectin results obtained with the ELLA platform on 3-step diluted samples (n = 46) with results obtained with the ELISA method on the same samples (Figure 1).



The Pearson correlation coefficient r = 0.97 (Figure 1A) showed an overall good correlation between the ELISA and the ELLA methods with the 3-step dilution protocol. The Passing–Bablok and Deming regression lines are presented in Figure 1A,B, respectively. There is statistically significant evidence that, for the higher values of adiponectin obtained with the ELISA method, there were relatively lower values obtained with ELLA.



The Bland–Altman plot showed a mean difference of –3.84 µg/mL of adiponectin values measured with ELLA compared to ELISA (Figure 1C). The mean ELLA/ELISA ratio of 0.86 indicated that ELLA adiponectin values were on average 14% lower compared to ELISA (Figure 1D). Looking in depth at the differences between low and high adiponectin levels, the Bland–Altman plots highlighted no virtual difference between ELLA and ELISA for low adiponectin values and, on the other side, an underestimation for higher adiponectin values. Indeed, for adiponectin values lower than 6.75 µg/mL (first quartile of adiponectin measured with ELISA), ELLA adiponectin values were on average 0.55 µg/mL higher compared to ELISA (Figure 1E). On the contrary, for adiponectin values higher than 6.75 µg/mL, ELLA measurements were on average 5.76 µg/mL lower compared to ELISA, with the highest differences observed for higher adiponectin levels (Figure 1F).



We then compared adiponectin values measured with the ELLA platform on 2-step diluted samples (n = 95) with those measured with the ELISA method and the results were similar to the previous 3-step comparison. The Pearson correlation coefficient r = 0.96 (Figure 2A) again showed a good correlation between the two methods. The regression lines obtained with the Passing–Bablok and Deming regression analysis are presented in Figure 2A,B, respectively. These results confirm that, with increasing values of adiponectin, we have lower values with ELLA compared to ELISA, especially for high values of adiponectin. The Bland–Altman plots showed similar results to those previously described for the 3-step diluted samples, with a decreased width of the 95% LoA (Figure 2C–F).




3.3.2. Leptin


The Pearson correlation coefficient r = 0.99 demonstrated an excellent agreement between the ELISA and the ELLA methods (Figure 3A). The Passing–Bablok and Deming regression lines are presented in Figure 3A,B, respectively. The overall Bland–Altman analysis highlighted a positive mean difference of 11.50 ng/mL with ELLA compared to ELISA (Figure 3C). The mean ratio of the ELLA/ELISA measures was 1.48 indicating an average overestimation of leptin values of 48% with ELLA compared to ELISA (Figure 3D). The Bland–Altman plots for lower and higher leptin levels demonstrated that ELLA measurements were 7.76 ng/mL higher for leptin and were lower than 33 ng/mL (third quartile when measured with the ELISA method, Figure 3E), and 22.73 ng/mL higher for leptin values higher than 33 ng/mL (Figure 3F).These results confirm the evidence that with increasing value of leptin we have greater values with ELLA compared to ELISA.





3.4. Association with Clinical Data by Method (ELISA vs. ELLA)


We did not find any association between adiponectin and leptin and age, measured by both methods, whereas a statistically significant correlation of adiponectin and leptin with BMI was observed (Spearman ρ = −0.25 (p = 0.008) for adiponectin measured with ELISA or ELLA and ρ = 0.72 (p < 0.0001) for leptin measured with ELISA or ELLA). Adiponectin and leptin were inversely correlated irrespective of the method used.



After a median follow-up of 8 years (absolute range: 2.6–13.8 years), 21 breast cancer events and one death were observed. The characteristics of breast cancers that occurred during the follow-up are reported in the Supplemental Table S1. Nine women who had breast cancer during follow-up were in the placebo groups and 12 women were in the intervention group (anastrozole or tamoxifen).



Figure 4 shows the DFS curves for adiponectin and leptin measured with ELISA and ELLA methods. We found an increased breast cancer risk with very low adiponectin levels at baseline.



Considering adiponectin values measured with the ELLA method, we found an almost 4-fold increased breast cancer risk HR = 3.75 (95% CI: 1.37;10.25, p = 0.01) for subjects with low adiponectin values (below the lowest quartile) versus subjects with higher adiponectin (Figure 4A). We found a comparable risk estimate for adiponectin values measured with ELISA (HR = 3.64; 95% CI: 1.34;9.86, p = 0.01, Figure 4B).



No significant association between leptin values and breast cancer risk was observed considering neither values measured with the ELLA method (HR = 1.32; 95% CI: 0.46;3.77, highest quartile versus lower quartiles, p = 0.60, Figure 4C), nor with the ELISA method (HR = 1.29; 95% CI: 0.45;3.69, p = 0.64, Figure 4D).



The DFS curves for adiponectin and leptin measured with ELLA and ELISA methods by quartiles are shown in Supplemental Figure S1. There were small changes of the position of samples in their respective quartiles for each method, but this does not have a relevant impact on the DFS curves, which were very similar.





4. Discussion


This is the first study evaluating the use of the automated ELLA platform for serum adiponectin and leptin measurement. We compared the results obtained with the ELLA system to those obtained with the Quantikine ELISA kit from R&D Systems. Interestingly, we observed very similar risk estimates of adiponectin and leptin with DFS irrespective of the method used. Indeed, the almost four times higher risk of breast cancer for very low adiponectin levels compared to higher levels was found equally with both methods.



The intra- and inter-assay CVs indicated good within-run and between-run precision for both methods [24]. However, we found a high inter-assay CV for leptin QCs assessed with the ELISA method. This was probably due to a low stability of the lyophilized QCs after reconstitution, considering that our internal control indicated a good between-run precision also for the ELISA method with a CV < 10%.



The Pearson’s r coefficient for data obtained with the ELISA or ELLA methods were all above 0.95, reaching a value of 0.99 for leptin, indicating an excellent linear relationship between the two sets of data. We obtained similar regression lines with the Passing–Bablok and Deming regression methods for both adiponectin and leptin. The regression equations for adiponectin revealed the presence of proportional differences between the measurements with the two methods, irrespective of the sample dilution protocol used for the ELLA method (2-step or 3-step). However, we should consider that, given the high 2000-fold dilution factor recommended for samples in the adiponectin assay on the ELLA instrument, the 2-step dilution protocol allows a reduction of the additional time for sample preparation and errors in sample handling throughout dilution steps; nevertheless it requires higher extra volumes of dilution buffer to be specifically supplied by the manufacturer.



The regression equations for leptin showed similar results between the two methods.



The proportional differences observed for adiponectin and leptin between the two methods may be explained by differences at calibration levels [25]. The dynamic range of the ELLA method is much wider and the sensitivity higher.



Since the discovery of leptin and adiponectin, different methods have been utilized for their measurements. The most commonly used methods are the radioimmunoassay (RIA) and the ELISA. Despite the high sensitivity, the RIA technique has several disadvantages, mainly the hazard related to the use of radioactivity; it requires specifically trained personnel, a specific laboratory license for the handling, storage and waste disposal of radioactive material. Furthermore, it is expensive, time-consuming and it requires costly equipment. For all these reasons, researchers have tested alternative more feasible methods that can replace the RIA technique [25,26,27,28,29,30]. Among the methods, many authors evaluated the multiplexed beads immunoassay technology that allows the measurement of a large number of analytes with small sample volumes [27,29,30,31,32]. This technique should be considered when many different analytes related to a specific disease or condition could be combined in one panel, allowing a reduction of time and costs.



Given the evident involvement of adiponectin and leptin in metabolic processes and their association with many diseases, the measurement of these adipokines in large cohorts of subjects in epidemiological studies and clinical trials has become crucial to elucidate their role and correlations with clinical data. In the clinical context, the automation of laboratory testing appears to be relevant. Some authors have reported methods comparison studies testing adiponectin with immunoturbidimetry [33], chemiluminescent immunoassays [30] and ELISA performed on automatic routine clinical chemistry bioanalysers [28].



To date, this is the first study reporting the use of the ELLA platform for adiponectin and leptin measurements. Aldo et al. published an exhaustive paper explaining how the ELLA system works and presenting data for mouse and human cytokines and chemokines detection [16]. The authors highlighted the advantages of using the ELLA system in terms of required sample volumes, higher sensitivity and dynamic range, better coefficient of variation, and reproducibility compared to ELISA and the Luminex multiplex platform.



In the present work, one important result is that we found the same association with DFS irrespective of the method used for adiponectin and leptin measurement. Despite the limitations of our study, specifically the small sample size and different cohorts for adiponectin and leptin measurements, we confirmed a significant increased risk of breast cancer for subjects with very low adiponectin levels. This result is consistent with previous original data we published in premenopausal women [9] and meta-analysis results [10]. More recently, further meta-analyses have been published confirming the association between low adiponectin levels and higher breast cancer risk [34,35,36,37]. Interestingly, the latest research by Befort et al. reported that sustained increases in adiponectin after a 10% weight loss likely confer benefits for breast cancer prognosis even with weight regain [38].



On the contrary, data from meta-analyses showed an association between high leptin levels and higher breast cancer risk [35,36,39,40,41]. We observed a positive, although not significant, association between leptin and breast cancer, probably due to the small sample size and the weakness of the association.



Subgroup analyses from recent meta-analyses showed that leptin and adiponectin were strongly associated with breast cancer in Asians compared to non-Asians, in obese compared to non-obese subjects and postmenopausal compared to premenopausal women [35,37,39,41].



Interestingly, subgroup analyses by detection methods for adiponectin and leptin measurements showed that statistically significant differences were observed when ELISA or RIA were used [37,39,41], whereas the difference was not more significant upon detection by Multiplex assay [35] and in one meta-analysis, nor with RIA [34]. However, the observed differences could be due to the numerousness of studies analyzed.



In summary, we observed slightly higher measured values for low adiponectin levels and lower measured values for high adiponectin levels with ELLA compared to ELISA, whereas leptin measured values were systematically higher with ELLA compared to ELISA. Despite the observed differences, the overall agreement between methods was good. The most striking result was that the observed statistically significant association of adiponectin and leptin with DFS did not change by ELLA or ELISA detection methods. One limitation of our study is the small sample size. The extensive analysis we conducted to compare the two methods should surely be considered when pooling biomarker results from different studies becomes essential to increase the sample size.



Our results showed a significant negative association between adiponectin and breast cancer in a cohort of healthy postmenopausal women at increased risk for breast cancer or postmenopausal women with resected DCIS of the breast, further supporting the role of adiponectin in breast cancer. However, mechanisms and causal relationships still need to be elucidated. In addition, normal and pathological levels of leptin and adiponectin should be clearly defined, as their assessment could be useful to clinicians for a better definition of risk categories of cancer and other chronic conditions. Actually, further clinical studies are mandatory and the introduction of the automation of laboratory methods is valuable. The ELLA platform is an easy, automated system that allows the performance of immunoassays without manual steps by the operator and the processing of up to 70 samples for a single analyte in triplicate in a short time with high results reproducibility and a reduction of costs compared to ELISA.




5. Conclusions


In conclusion, our data suggest that ELLA is a very robust platform. It represents a step forward for the future use of adipokines, along with other biomarkers, in clinical cancer risk assessment and prevention.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/cancers13133303/s1, Table S1: Characteristics of breast cancers that occurred during follow-up; Figure S1: Disease-free survival curves for different quartiles of adiponectin and leptin.





Author Contributions


Conceptualization, D.M. and S.G.; methodology, D.M., V.A., S.R. and S.G.; validation, D.M., V.A., H.J., S.R. and S.G.; formal analysis, S.G., S.R. and D.M.; investigation, D.M., V.A., M.L., A.G.-G. and I.S.; resources, D.M., V.A., H.J., M.L., A.G.-G., I.S., S.R. and S.G.; interpretation, D.M., V.A., H.J., A.G.-G., S.R., M.L., S.G.; data curation, D.M., V.A., A.G.-G., I.S. and S.G.; writing—original draft preparation, D.M., S.G. and S.R.; writing—review and editing, all authors; visualization, D.M. and S.G.; supervision, D.M., I.S., J.C., B.B., A.D., A.G.-G., H.J. and S.G.; project administration, A.G.-G., D.M. and B.B.; funding acquisition, D.M. All authors have read and agreed to the published version of the manuscript.




Funding


This work was partially supported by the Italian Ministry of Health with Ricerca Finalizzata (GR-2013-02358807 to D.M.), Ricerca Corrente and 5 × 1000 funds.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and was approved by the UK North West Multicentre Research Ethics Committee and by the ethics committees of all participating institutions (EudraCT n. 2004-00391-12 and EudraCT n. 2004-003992-35).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data underlying this article will be shared on reasonable request to the head of the Division of Cancer Prevention and Genetics Bernardo Bonanni.




Acknowledgments


We thank Richard Vivier for technical support and Bio-techne Italia for making ELLA freely available for our use. We thank the principal investigators and study coordinators of the Italian centres participating in the IBIS-II Trials for providing samples and the Breast Cancer Research Foundation (BCRF) for a grant to JC to collect samples from the IBIS trials for research purposes.




Conflicts of Interest


J.C. received funding for IBIS-II study from Cancer Research UK and AstraZeneca. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results. The other authors declare no conflict of interest.




References


	



GBD 2015 Obesity Collaborators. Health Effects of Overweight and Obesity in 195 Countries Over 25 Years. N. Engl. J. Med. 2017, 377, 13–27. [Google Scholar] [CrossRef]

	



Guh, D.P.; Zhang, W.; Bansback, N.; Amarsi, Z.; Birmingham, C.L.; Anis, A.H. The Incidence of Co-Morbidities Related to Obesity and Overweight: A Systematic Review and Meta-Analysis. BMC Public Health 2009, 9, 88. [Google Scholar] [CrossRef]

	



Nyberg, S.T.; Batty, G.D.; Pentti, J.; Virtanen, M.; Alfredsson, L.; Fransson, E.I.; Goldberg, M.; Heikkilä, K.; Jokela, M.; Knutsson, A. Obesity and Loss of Disease-Free Years Owing to Major Non-Communicable Diseases: A Multicohort Study. Lancet Public Health 2018, 3, e490–e497. [Google Scholar] [CrossRef]

	



Zhang, Y.; Proenca, R.; Maffei, M.; Barone, M.; Leopold, L.; Friedman, J.M. Positional Cloning of the Mouse Obese Gene and its Human Homologue. Nature 1994, 372, 425–432. [Google Scholar] [CrossRef]

	



Kershaw, E.E.; Flier, J.S. Adipose Tissue as an Endocrine Organ. J. Clin. Endocrinol. Metab. 2004, 89, 2548–2556. [Google Scholar] [CrossRef]

	



Stern, J.H.; Rutkowski, J.M.; Scherer, P.E. Adiponectin, Leptin, and Fatty Acids in the Maintenance of Metabolic Homeostasis through Adipose Tissue Crosstalk. Cell Metab. 2016, 23, 770–784. [Google Scholar] [CrossRef]

	



Nimptsch, K.; Konigorski, S.; Pischon, T. Diagnosis of Obesity and use of Obesity Biomarkers in Science and Clinical Medicine. Metab. Clin. Exp. 2019, 92, 61–70. [Google Scholar] [CrossRef] [PubMed]

	



Guerrieri-Gonzaga, A.; Macis, D.; Gandini, S.; Aristarco, V.; Johansson, H.; Bollani, G.; Roth, T.; Sandri, M.; Knox, J.; Cuzick, J. Low Serum Adiponectin Level is an Independent Risk Factor of DCIS in Postmenopausal Women at Increased Risk of Breast Cancer. Cancer Res. 2015, 75 (Suppl. 9), P4-11-16. [Google Scholar]

	



Macis, D.; Gandini, S.; Guerrieri-Gonzaga, A.; Johansson, H.; Magni, P.; Ruscica, M.; Lazzeroni, M.; Serrano, D.; Cazzaniga, M.; Mora, S.; et al. Prognostic Effect of Circulating Adiponectin in a Randomized 2 × 2 Trial of Low-Dose Tamoxifen and Fenretinide in Premenopausal Women at Risk for Breast Cancer. J. Clin. Oncol. 2012, 30, 151–157. [Google Scholar] [CrossRef] [PubMed]

	



Macis, D.; Guerrieri-Gonzaga, A.; Gandini, S. Circulating Adiponectin and Breast Cancer Risk: A Systematic Review and Meta-Analysis. Int. J. Epidemiol. 2014, 43, 1226–1236. [Google Scholar] [CrossRef] [PubMed]

	



Aydin, S. A Short History, Principles, and Types of ELISA, and our Laboratory Experience with Peptide/Protein Analyses using ELISA. Peptides 2015, 72, 4–15. [Google Scholar] [CrossRef] [PubMed]

	



Cuzick, J.; Sestak, I.; Forbes, J.F.; Dowsett, M.; Knox, J.; Cawthorn, S.; Saunders, C.; Roche, N.; Mansel, R.E.; Von Minckwitz, G. Anastrozole for Prevention of Breast Cancer in High-Risk Postmenopausal Women (IBIS-II): An International, Double-Blind, Randomised Placebo-Controlled Trial. Lancet 2014, 383, 1041–1048. [Google Scholar] [CrossRef]

	



Forbes, J.F.; Sestak, I.; Howell, A.; Bonanni, B.; Bundred, N.; Levy, C.; Von Minckwitz, G.; Eiermann, W.; Neven, P.; Stierer, M. Anastrozole Versus Tamoxifen for the Prevention of Locoregional and Contralateral Breast Cancer in Postmenopausal Women with Locally Excised Ductal Carcinoma in Situ (IBIS-II DCIS): A Double-Blind, Randomised Controlled Trial. Lancet 2016, 387, 866–873. [Google Scholar] [CrossRef]

	



Sestak, I.; Smith, S.; Howell, A.; Forbes, J.; Cuzick, J. Early Participant-Reported Symptoms as Predictors of Adherence to Anastrozole in the International Breast Cancer Intervention Studies II. Ann. Oncol. 2018, 29, 504–509. [Google Scholar] [CrossRef]

	



Cao, J.; Seegmiller, J.; Hanson, N.Q.; Zaun, C.; Li, D. A Microfluidic Multiplex Proteomic Immunoassay Device for Translational Research. Clin. Proteom. 2015, 12, 1–5. [Google Scholar] [CrossRef]

	



Aldo, P.; Marusov, G.; Svancara, D.; David, J.; Mor, G. Simple Plex™: A Novel Multi-analyte, Automated Microfluidic Immunoassay Platform for the Detection of Human and Mouse Cytokines and Chemokines. Am. J. Reprod. Immunol. 2016, 75, 678–693. [Google Scholar] [CrossRef]

	



Giavarina, D. Understanding Bland Altman Analysis. Biochem. Med. 2015, 25, 141–151. [Google Scholar] [CrossRef]

	



Ludbrook, J. Comparing Methods of Measurement. Clin. Exp. Pharmacol. Physiol. 1997, 24, 198–203. [Google Scholar] [CrossRef]

	



Passing, H.; Bablok, W. A New Biometrical Procedure for Testing the Equality of Measurements from Two Different Analytical Methods. Application of Linear Regression Procedures for Method Comparison Studies in Clinical Chemistry, Part I. J. Clin. Chem. Clin. Biochem. 1983, 21, 709–720. [Google Scholar] [CrossRef]

	



Linnet, K. Performance of Deming Regression Analysis in Case of Misspecified Analytical Error Ratio in Method Comparison Studies. Clin. Chem. 1998, 44, 1024–1031. [Google Scholar] [CrossRef] [PubMed]

	



Bilic-Zulle, L. Comparison of Methods: Passing and Bablok Regression. Biochem. Medica 2011, 21, 49–52. [Google Scholar] [CrossRef]

	



Linnet, K. Evaluation of Regression Procedures for Methods Comparison Studies. Clin. Chem. 1993, 39, 424–432. [Google Scholar] [CrossRef] [PubMed]

	



Bland, J.M.; Altman, D. Statistical Methods for Assessing Agreement between Two Methods of Clinical Measurement. Lancet 1986, 327, 307–310. [Google Scholar] [CrossRef]

	



Valentin, M.; Ma, S.; Zhao, A.; Legay, F.; Avrameas, A. Validation of Immunoassay for Protein Biomarkers: Bioanalytical Study Plan Implementation to Support Pre-Clinical and Clinical Studies. J. Pharm. Biomed. Anal. 2011, 55, 869–877. [Google Scholar] [CrossRef]

	



Suominen, P. Evaluation of an Enzyme Immunometric Assay to Measure Serum Adiponectin Concentrations. Clin. Chem. 2004, 50, 219–221. [Google Scholar] [CrossRef]

	



Bluher, M.; Brennan, A.M.; Kelesidis, T.; Kratzsch, J.; Fasshauer, M.; Kralisch, S.; Williams, C.J.; Mantzoros, C.S. Total and High-Molecular Weight Adiponectin in Relation to Metabolic Variables at Baseline and in Response to an Exercise Treatment Program: Comparative Evaluation of Three Assays. Diabetes Care 2007, 30, 280–285. [Google Scholar] [CrossRef]

	



Martos-Moreno, G.Á.; Burgos-Ramos, E.; Canelles, S.; Argente, J.; Barrios, V. Evaluation of a Multiplex Assay for Adipokine Concentrations in Obese Children. Clin. Chem. Lab. Med. (CCLM) 2010, 48, 1439–1446. [Google Scholar] [CrossRef]

	



Risch, L.; Hoefle, G.; Saely, C.; Berchthold, S.; Weber, M.; Gouya, G.; Rein, P.; Langer, P.; Marte, T.; Aczel, S. Evaluation of Two Fully Automated Novel Enzyme-Linked Immunosorbent Assays for the Determination of Human Adiponectin in Serum. Clin. Chim. Acta 2006, 373, 121–126. [Google Scholar] [CrossRef] [PubMed]

	



Treviño-Garza, C.; Mancillas-Adame, L.; Estrada-Zúñiga, C.M.; Villarreal-Pérez, J.Z.; Villarreal-Martinez, L.; De la O-Cavazos, M.E. Measurement of Leptin by RIA Versus MIA in a Population of Healthy Newborns. J. Clin. Lab. Anal. 2016, 30, 254–257. [Google Scholar] [CrossRef] [PubMed]

	



van Andel, M.; Drent, M.L.; van Herwaarden, A.E.; Ackermans, M.T.; Heijboer, A.C. A Method Comparison of Total and HMW Adiponectin: HMW/Total Adiponectin Ratio Varies Versus Total Adiponectin, Independent of Clinical Condition. Clin. Chim. Acta 2017, 465, 30–33. [Google Scholar] [CrossRef] [PubMed]

	



Liu, M.Y.; Xydakis, A.M.; Hoogeveen, R.C.; Jones, P.H.; Smith, E.O.; Nelson, K.W.; Ballantyne, C.M. Multiplexed Analysis of Biomarkers Related to Obesity and the Metabolic Syndrome in Human Plasma, using the Luminex-100 System. Clin. Chem. 2005, 51, 1102–1109. [Google Scholar] [CrossRef] [PubMed]

	



Loo, B.; Marniemi, J.; Jula, A. Evaluation of Multiplex Immunoassays, used for Determination of Adiponectin, Resistin, Leptin, and Ghrelin from Human Blood Samples, in Comparison to ELISA Assays. Scand. J. Clin. Lab. Investig. 2011, 71, 221–226. [Google Scholar] [CrossRef] [PubMed]

	



Fellahi, S.; Beraud, L.; Marlin, G.; Vigouroux, C.; Warszawski, J.; Capeau, J.; Bastard, J.P. Comparison of Two Techniques of Adiponectin Assay, ELISA and Immunoturbidimetry: Should we Move Towards Standardization? Diabetes Metab. 2017, 43, 395–397. [Google Scholar] [CrossRef]

	



Gu, L.; Cao, C.; Fu, J.; Li, Q.; Li, D.; Chen, M. Serum Adiponectin in Breast Cancer: A Meta-Analysis. Medicine 2018, 97. [Google Scholar] [CrossRef]

	



Gui, Y.; Pan, Q.; Chen, X.; Xu, S.; Luo, X.; Chen, L. The Association between Obesity Related Adipokines and Risk of Breast Cancer: A Meta-Analysis. Oncotarget 2017, 8, 75389–75399. [Google Scholar] [CrossRef]

	



Yoon, Y.S.; Kwon, A.R.; Lee, Y.K.; Oh, S.W. Circulating Adipokines and Risk of Obesity Related Cancers: A Systematic Review and Meta-Analysis. Obes. Res. Clin. Pract. 2019, 13, 329–339. [Google Scholar] [CrossRef]

	



Yu, Z.; Tang, S.; Ma, H.; Duan, H.; Zeng, Y. Association of Serum Adiponectin with Breast Cancer: A Meta-Analysis of 27 Case-Control Studies. Medicine (Baltimore) 2019, 98, e14359. [Google Scholar] [CrossRef]

	



Befort, C.A.; Kimler, B.F.; Bantis, L.E.; Phillips, T.A.; Fabian, C.J. Effects of Weight Loss and Weight Regain on Circulating Biomarkers in Overweight/Obese Breast Cancer Survivors Enrolled in a Weight Loss Trial in the Rural Midwest. Cancer Epidemiol. Biomarkers Prev. 2020, 29, 1321–1328. [Google Scholar] [CrossRef]

	



Gu, L.; Wang, C.D.; Cao, C.; Cai, L.R.; Li, D.H.; Zheng, Y.Z. Association of Serum Leptin with Breast Cancer: A Meta-Analysis. Medicine (Baltimore) 2019, 98, e14094. [Google Scholar] [CrossRef]

	



Niu, J.; Jiang, L.; Guo, W.; Shao, L.; Liu, Y.; Wang, L. The Association between Leptin Level and Breast Cancer: A Meta-Analysis. PLoS ONE 2013, 8, e67349. [Google Scholar] [CrossRef] [PubMed]

	



Pan, H.; Deng, L.; Cui, J.; Shi, L.; Yang, Y.; Luo, J.; Qin, D.; Wang, L. Association between Serum Leptin Levels and Breast Cancer Risk: An Updated Systematic Review and Meta-Analysis. Medicine 2018, 97, e11345. [Google Scholar] [CrossRef] [PubMed]








[image: Cancers 13 03303 g001 550] 





Figure 1. Correlation between ELLA (3-step dilution protocol) and ELISA for adiponectin measurement (n = 46). (A) Passing–Bablok and Pearson’s r coefficient, (B) Deming regression, (C) Bland–Altman plot (differences vs. average), (D) Bland–Altman plot (ratio vs. average), (E) Bland–Altman plot (differences vs. average) for adiponectin < 6.75 µg/mL (<first quartile Q1), and (F) for adiponectin ≥ 6.75 µg/mL (≥first quartile, Q2-3-4). Dashed lines represent 95% LoA. 
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Figure 2. Correlation between ELLA (2-step dilution protocol) and ELISA for adiponectin measurement (n = 95). (A) Passing–Bablok and Pearson’s r coefficient, (B) Deming regression, (C) Bland–Altman plot (differences vs. average), (D) Bland–Altman plot (ratio vs. average), (E) Bland–Altman plot (differences vs. average) for adiponectin < 6.75 µg/mL (<first quartile Q1), and (F) for adiponectin ≥ 6.75 µg/mL (≥first quartile, Q2-3-4). Dashed lines represent 95% LoA. 
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Figure 3. Correlation between ELLA and ELISA for leptin measurement (n = 104). (A) Passing–Bablok and Pearson’s r coefficient, (B) Deming regression, (C) Bland–Altman plot (differences vs. average), (D) Bland–Altman plot (ratio vs. average), (E) Bland–Altman plot (differences vs. average) for leptin < 33 ng/mL (<third quartile, Q1-2-3), and (F) for leptin ≥ 33 ng/mL (≥third quartile, Q4). Dashed lines represent 95% LoA. 






Figure 3. Correlation between ELLA and ELISA for leptin measurement (n = 104). (A) Passing–Bablok and Pearson’s r coefficient, (B) Deming regression, (C) Bland–Altman plot (differences vs. average), (D) Bland–Altman plot (ratio vs. average), (E) Bland–Altman plot (differences vs. average) for leptin < 33 ng/mL (<third quartile, Q1-2-3), and (F) for leptin ≥ 33 ng/mL (≥third quartile, Q4). Dashed lines represent 95% LoA.
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Figure 4. Disease-free survival curves according to lowest quartile versus higher for adiponectin (n = 116) measured with ELLA (A) or ELISA (B) and highest quartile versus lower for leptin (n = 104) measured with ELLA (C) or ELISA (D). Disease-free survival was calculated including subjects with resected DCIS and high risk healthy subjects. 
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Table 1. Baseline characteristics of subjects.






Table 1. Baseline characteristics of subjects.





	

	
Subjects Randomized in the Prevention IBIS-II Trial

	
Subjects Randomized in the DCIS IBIS-II Trial

	




	
Variable

	
n

	
Median

	
Lower Quartile

	
Upper Quartile

	
n

	
Median

	
Lower Quartile

	
Upper Quartile

	
p-Value 1






	
Adiponectin ELISA

	
63

	
11.7

	
8.6

	
16.9

	
53

	
10.6

	
6.4

	
18.0

	
0.391




	
Adiponectin ELLA

	
63

	
10.1

	
8.6

	
12.6

	
53

	
9.6

	
6.8

	
14.7

	
0.719




	
Leptin ELISA

	
53

	
21.2

	
13.5

	
30.2

	
51

	
17.4

	
9.1

	
36.1

	
0.314




	
Leptin ELLA

	
53

	
31.4

	
21.8

	
43.0

	
51

	
26.4

	
14.3

	
50.0

	
0.227




	
BMI

	
69

	
25.7

	
23.6

	
29.1

	
61

	
24.5

	
22.3

	
27.3

	
0.034




	
Age

	
69

	
59

	
55

	
64

	
62

	
59

	
53

	
63

	
0.829








1p-value for the difference between the two trials.
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Table 2. Adiponectin and leptin values, intra- and inter-assay precision by method.
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Adiponectin

	
Leptin




	

	
ELLA

	
ELISA

	
ELLA

	
ELISA






	
Median (IQR 1)

	
9.96 µg/mL (7.39; 12.76)

	
11.28 µg/mL (7.73; 17.54)

	
28.59 ng/mL (17.48; 47.67)

	
19.66 ng/mL (12.28; 32.95)




	
Min; Max

	
2.23; 33.50 µg/mL

	
1.48; 64.88 µg/mL

	
2.17; 145.56 ng/mL

	
1.71; 95.49 ng/mL




	
Intra-assay CV 2 %

	
3.40

	
4.72

	
1.92

	
1.94




	
QCs 3 Intra-assay CV%

	
4.26

	
3.05

	
2.38

	
1.63




	
Pool Intra-assay CV%

	
3.16

	
5.29

	
2.02

	
3.39




	
QCs Inter-assay CV%

	
4.98

	
9.65

	
6.77

	
16.63




	
Pool Inter-assay CV%

	
6.62

	
5.7

	
5.35

	
6.76








1 IQR, Interquartile Range; 2 CV, Coefficient of Variation; 3 QC, Quality Control.
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