New Approach to Existing MODY Biomarkers and the Development of Novel Ones (NEMO) – study protocol.
Introduction
I. Objective
Diabetes is a group of diseases characterized by chronic hyperglycemia resulting from beta cell failure, insulin resistance, or both [1]. Current basic and clinical data on different forms of diabetes point to the necessity of individual, rather than universal approach to patient’s treatment [1, 2]. An excellent example of successful application of this individualized attitude is monogenic diabetes [2, 3]. This is especially true for monogenic forms of diabetes resulting from beta cell dysfunction, such as MODY (Maturity Onset Diabetes of the Young) or PNDM (Permanent Neonatal Diabetes Mellitus) [2, 3, 4]. It is estimated that the proportion of MODY patients may constitute about 1% of all diabetic cases, which would correspond to half a million patients on the European continent alone [5]. About a half of MODY cases results from the mutations in the transcription factor genes, . These mutations lead to impairment of growth, differentiation, and renewing of beta-cells as well as transcription of the insulin gene-most of the remaining MODY subjects have diabetes related to the glucokinase (GCK) gene mutation. [2-15]. The differential diagnosis of MODY is of great clinical importance as it may lead to the optimization of glycemic control and significant improvement in quality of life [16-23]. Unfortunately, the majority of patients with monogenic diabetes are still misdiagnosed as having Type 1 (T1DM) or Type 2 (T2DM) diabetes and hence receive suboptimal treatment [24].The definite diagnosis of MODY is based on molecular analysis by traditional direct sequencing based on Sanger method. This is laborious and costly, although, there is a hope that in the future, new generating sequencing will help to perform the molecular testing for large number of patients. Referral for genetic testing is based on clinical criteria such as age of onset of diabetes, family history and an atypical clinical presentation for either T1DM or T2DM which has a high specificity but low sensitivity [17]. Robust cost-effective biomarkers which could be used – even in the approaching new generation sequencing era - as an adjunct to current tests to prioritize patients for molecular genetic testing could help address this problem. They could also add a new knowledge on the pathophysiology and clinical picture of monogenic diabetes.
The main objective of this study will be to further characterize HNF1A MODY, the most prevalent form of MODY, using new scientific and clinical tools. Results of this study may lead to the development of novel biomarkers of HNF1A MODY, broaden the knowledge regarding its biology with possible application to complex forms of the disease. 
II. Background and current status of research in the proposed field of study
II.1. The most promising existing biomarkers of HNF1A MODY 
II.1.1 High sensitivity CRP

HNF1A is a transcription factor binding to the promoter of many genes expressed in liver, endocrine pancreas, intestine and kidney. Thus, it may potentially affect activity or plasma concentration of some circulating proteins in humans [25]. It was found that the CRP gene has the HNF1A binding sites in its promoter. Moreover, in GWAS study, common variants in and around HNF1A gene were associated with circulating high-sensitivity C-reactive protein (hs-CRP) levels [26]. It was shown that the hsCRP level was reduced in HNF1A-MODY as compared to T1DM, T2DM, GCK MODY, and healthy subjects, making it a potentially useful biomarker [27]. The initial UK data were later replicated in larger cohort of individuals that included samples from Department of Metabolic Diseases of Jagiellonian University Medical College (JUMC) in Krakow [27]. hs-CRP level< 0.75 mg/L discriminated HNF1A-MODY from T2DM with  sensitivity 79%and  specificity 70% (ROC area under the curve =0.84). hs-CRP was slightly less discriminative for HNF1A-MODY and type 1 diabetes with a ROC AUC of 0.78. 
II.1. 2. 1,5-anhydroglucitol
HNF1A mutation carriers are characterized by renal tubular dysfunction leading to lowered threshold for glucose [29, 30]. This feature led to the investigation by us of 1,5-anhydroglucitol (1,5-AG) as a biomarker of HNF1A MODY. 1,5-AG is a monosaccharide, structurally similar to glucose, which is present in plasma in a stable concentration determined by a balance between dietary ingestion and urinary excretion [31]. It is reabsorbed in renal tubules by a fructose/mannose/1,5-AG transporter, distinct from the major glucose transporter. In the presence of hyperglycemia and subsequent glycosuria, glucose fully saturates its own transport system and, due to structural similarity, competes with 1,5-AG for its transporter. This results in a higher urinary excretion of 1,5-AG and thus lowered plasma concentration [31, 32, 33]. 1,5-AG has been commercially utilized as a short-term marker of metabolic control and a marker of postprandial hyperglycemia [33]. We previously described, that in HNF1A-MODY plasma 1,5-AG level was significantly lower than in T2DM with similar glycemic control [34]. The difference was most clearly visible for HbA1c range between 6.5% and 9%, where glucose levels are high enough to substantially increase 1,5- AG urinary loss in HNF1A-MODY, but are not high enough to deplete the internal pool of 1,5-AG. 1.5 AG seems to be the useful test to discriminate subforms of MODY. It was also shown that the discriminative accuracy of unadjusted 1,5AG levels was 0.79 for GCK-MODY versus T2DM and 0.86 for GCK-MODY versus HNF1A-MODY [34].
II.2. SGLT2 inhibitors – new compound affecting kidney glucose reabsorption. Potential application in the HNF1A MODY differential diagnosis.
The mechanism of glycosuria in HNF1A mutations carriers was linked to the decreased SGLT2 expression in tubular cells [4, 8]. SGLT2 is a target for new class of oral antidiabetic drugs, SGLT2 inhibitors [35-40], which act through decreasing renal glucose threshold. Recently European Medicines Agency has approved Forxiga™(dapagliflozin) tablets for the treatment of T2DM. Since there is a direct relationship between HNF1A action and the function of SGLT2, one could expect differences in response to SGLT2 inhibitors in HNF1A MODY patients as compared to T2DM subjects. Of interest, experimental studies shown that in normal and diabetic rats, a single oral dose of dapagliflozin is sufficient to stimulate glucose excretion concomitantly with an increase in urine volume. Onset of urinary glucose excretion in diabetic rats was apparent as early as 6 hours post-dose and continued for 24 hours [39]. That could indicate that even a single dose of dapagliflozin may be sufficient to observe differences in parameters like glucose excretion, overnight urinary glucose-to-creatinine ratio, fasting glucose, or 1,5-AG (that depends on the glucosuria) in individuals with a priori normal or impaired function of SGLT2. 
II.3. Genetic factors influencing the clinical course of MODY
While usually HNF1A MODY is characterised by the onset in the second or in the third decade of life, substantial differences exist for the age of clinical manifestation in affected individuals. It was previously shown that the major predictor of the clinical course of MODY is type/location of the mutation [2, 3, 4, 22]. However, the substantial differences were observed in the individuals with the same mutation from the same generation of the family. The existence of factors, affecting the age of diabetes onset, other than type of underlying mutation, has already been proven. This include environmental and genetic factors. Their nature remains to be established, however in our study published in 2002 we pointed out that age at onset of diabetes in HNF1A families was influenced by familial factors (including modifying genes) and parent of origin. If the mutation was inherited from the mother, diabetes onset was very young in those exposed to diabetes in utero; 57 +/- 8% were affected by age 15 years as compared with 0.0% in those not exposed [41]. The area of clinical characterization of MODY and establishing factors modifying the course of the disease was the subject of the intense research of authors of this grant application in the past [21, 22, 30, 41-52]. 
III.4 MODY research in eastern Europe
While the search for monogenic diabetes is becoming a routine practice in many European countries, for the time being there are no but a single report concerning studies on monogenic diabetes performed in eastern European countries  including Russian Federation, Ukraine and Bielarus [46]. To our best knowledge there are also no ongoing studies in the field in this region of Europe. This means that probably tens of thousands of diabetic patients in this eastern part of our continent are missing proper diagnosis and are being given inappropriate treatment. The dissemination of the knowledge concerning monogenic diabetes was the duty of the Department of Metabolic Diseases JUMC as one of the work packages of EU Framework 7 CEED3 grant – Health –F2-2008-223211. The details concerning collaboration between JUMC and eastern European diabetes centers are described below (preliminary data).
Specific aims for the period of requested support 

The general objective of this study is to further characterize HNF1A MODY, the most prevalent form of MODY, using new scientific and clinical tools. The aims will be obtained through 4 work packages (WP) :
WP1. To test jointly two already existing biomarkers, 1.5-AG and hsCRP, for the differential diagnosis between HNF1A MODY and T2DM. 
To be performed between May 2013 and May 2014.

WP2. To assess the differences in response to single application of one tablet of dapagliflosin in HNF1 MODY and T2DM patients. To be performed between May 2013 and December 2015.
WP3. Using Genome Wide Association Study (GWAS) to look for genetic variants that influence age of onset and BMI in HNF1A-MODY patients. To be performed between May 2013 and December 2015.
WP4. Dissemination. To disseminate the knowledge concerning MODY in Eastern European countries (Ukraine, Russia, Belorus). To be performed between January 2014 and December 2015.
Preliminary data 
The studies on monogenic diabetes with special concern on MODY have been the main subject of research performed at the Department of Metabolic Diseases of the JUMC, Krakow, Poland for last 10 years, during that time we performed many studies published in most respected journals (including “Diabetes Care”, “Diabetologia”) [21, 22, 30, 41-52]. This research concentrated on the two main topics: search for biomarkers for MODY and clinical characterisation of MODY patients.

Our first report concerning the search for biomarkers for MODY included studies on Apolipoprotein M [47] In this initial report, we examined ApoM as a biomarker for HNF1A-MODY showing no difference as compared to T1DM and T2DM. However, in a larger multicentre study that included JUMC, it was found that apolipoprotein M can discriminate HNF1A-MODY from T1DM [48]. The most important study concerning biomarkers for MODY performed in our center was related to 1,5-AG [34]. We provided the evidence that 1,5-AG may be a useful biomarker for differential diagnosis of patients with HNF-1alpha MODY with a specific range of A1C. We also provided samples for two projects that examined plasma lipoproteins in MODY. In the first study, HDL cholesterol was found to be an effective tool to discriminate GCK-MODY from HNF1A MODY and T1DM patients in paediatric population [49]. In the second project, it was found that the plasma-lipid profiles of HNF1A-MODY and the lipid constituents of HDL are similar to non-diabetic controls. However, HDL-cholesterol is higher in HNF1A-MODY than in T2DM and could be used as a biomarker to aid in the identification of patients with HNF1A-MODY [50]. Unfortunately we had to exclude Cystatin C as a candidate biomarker for HNF1A MODY [51]. 

Of interest recently we participated in the study that found that HbA1c-based diabetes diagnosis among patients with glucokinase mutation (GCK-MODY) is affected by a genetic variant of glucose-6-phosphatase (G6PC2) [52].  

As far as most important studies concerning clinical characterisation of MODY, directly related to this grant application, in 2002, the PI of this project participated in the research that found that age at onset of diabetes in MODY3 families varies widely and is influenced by familial factors (including modifying genes) and parent of origin (whether a mutation carrier was exposed to diabetes in utero) [41]. It was found that genetic modifiers of the age at diagnosis of diabetes (MODY3) in carriers of HNF1A mutations map to chromosomes 5p15, 9q22, and 14q24. [42]. Later on, as one of  first centres to report it, we have found that renal malformations may be linked to mutations in the hepatocyte nuclear factor-1alpha (MODY3) gene [30]. Since the HNF1A is expressed in several organs, including the exocrine pancreas, we performed the study to determine the prevalence of exocrine pancreas dysfunction in HNF-1A MODY patients. We have shown that pancreatic exocrine insufficiency is not common in HNF-1alpha MODY diabetic patients, although their stool E1 levels are lower than in healthy control subjects [44]. In the same year we performed analysis concerning molecular background and clinical characteristics of HNF1A MODY in a Polish population [21]. That was the first systematic search for HNF1A mutations in a Polish population and indicated that HNF1A mutation carriers were characterized by a high prevalence of diabetic complications.
In conclusion, during last 10  years the scientific efforts of Department of Metabolic Diseases concentrated around the problems of MODY diabetes, during that time we performed many studies published in most respected journals (Diabetes Care, Diabetologia), we either performed ourselves or participated in most of the studies concerning biomarkers for MODY diabetes [21, 22, 30, 41-52].

As far as current study is concerned we have DNA and serum samples of patients from following cohorts: 1. 99 individuals with confirmed diagnosis of HNF1A. We plan to collect samples of another 40-50 individuals by May 2013. This will include samples of family members of probands who are already included in our cohort. 2. Approx. 500 individuals with type 2 diabetes and 500 controls. For the purpose of analysis we will extract individuals matched with MODY patients for age, sex, metabolic control etc.  

Other sources of samples: 1. We have confirmed access to approx. 100 DNA samples of MODY individuals collected at Joslin Diabetes Center, Harvard Medical School. The samples will be kindly provided by Alessandro Doria, Associate Professor in the Department of Epidemiology, Joslin Diabetes Center, Boston, MA, USA ( e-mail: alessandro.doria@joslin.harvard.edu). 2. We have also confirmed access to approx. 100 DNA samples of MODY individuals from Czech Republic, provided by Dr Stepanka Pruhova, Department of Paediatrics, 2nd Faculty of Medicine, Charles University in Prague, Czech Republic (e-mail: stepanka.pruhova@fnmotol.cz). 3. Approx. 500-700 samples will be provided by prof. Andrew Hattersley, Professor of Molecular Medicine, Exeter Medical School, Barrack Road, Exeter, UK. e-mail: andrew.hattersley@pms.ac.uk. We will also have access to serum of these individuals.
As far as collaboration with eastern European diabetes centers is concerned, the “Differential Diabetes Diagnosis Course” (financed by EU Framework 7 CEED3 grant) was organized in Krakow, November 19-20.2012, designated for physicians from Belarus, Ukraine and Russia (http://www.metabol.cm-uj.krakow.pl/ceed3/). The list of participants included Natalia Chernikova (Moscow, Russia), Dmitry Chistyakov (Moscow, Russia), Larisa Danilova (Minsk, Belarus), Mykola Khalangot (Kiev, Ukraine), Iryna Kostitska (Ivano-Frankivsk, Ukraine), Tatiana Mokhort (Minsk, Belarus), Oksana Safonova (Lviv, Ukraine) Oksana Samson (Kiev, Ukraine), Galyna Shabat (Ivano-Frankivsk, Ukraine), Iryna Svystun (Ternopil, Ukraine), Zoia Zabarovska (Minsk, Belarus). One of the goals of the course was to establish the basis for future collaboration in the field of search for monogenic diabetes in Belarus, Russia and Ukraine. The “dissemination” work package of this project will be based on collaboration with above mentioned centers.  It is worth to underline that we have also collected all advanced equipment needed to perform  this research project (see chapter “facilities”).  

Detailed plan of investigation.
WP 1. In this work package we plan to perform combined analysis of utility of two existing biomarkers for HNF1A MODY, 1.5 anhydroglucitol (1.5 AG) and high sensitivity CRP (hsCRP) instead of using them separately as individual markers. 
For the purpose of the study we will analyze serum/plasma levels of 300 patients with HNF1A MODY and 300 individuals with T2DM and 150 patients with T1DM for the concentrations of 1.5 AG and hsCRP (Polish and British cohorts). T2DM and T1DM  individuals will be matched for sex and metabolic control. The comparison of 1.5 AG and hsCRP between concentrations will be based on single measurements.
1.5 anhydroglucitol measurements:

The 1,5-AG analysis will be undertaken with a commercially available 1,5-AG ELISA Kit (Cusabio Biotech). The assay is a quantitative sandwich enzyme immunoassay  method.

The analysis will be performed with the usage of microplate reader (Benchmark, Bio-Rad), the concentration of each sample will be determined from a  (log) standard curve created by Curve Expert 1.3 Software.  O zaletach opartego o ELISĘ oznaczania 1.5 AG piszę w “novelty”.
hsCRP measurements: 
Highly sensitive C-reactive protein (hsCRP) will be estimated by immuno-turbidimetric methods using APTEC Diagnostics kits (APTEC Diagnostics, Sint-Niklaas, Belgium) on MAXMAT PL Chemistry analyzer (MAXMAT S.A., Montpelier, France). 

Both biomarkers will be evaluated separately using Receiver Operating Characteristic (ROC) analysis. Threshold values for diagnosis of HNF1A MODY will be determined and test parameters, sensitivity and specificity will be recorded. We will subsequently determine diagnostic threshold, sensitivity and specificity for each biomarker within a sub-group of study participants testing positive or negative with the other marker. Finally, combination of the markers will be tested against each of them singly using changes of C-statistic and Net Reclassification Improvement. Performance of the developed diagnostic rule will be evaluated by cross-validation. In order to detect 30% increase in odds of HNF1A MODY per 1 standard deviation of one marker, given that the other marker increases odds of HNF1A MODY by 30-300% (relative odds 1.3-3.0) we need 270-325 individuals with T2DM and HNF1A MODY, each. The power analysis was performed assuming 5% type I error rate and 80% power. The analysis will be performed with SAS 9.3 software (Cary, NC, USA). The analysis should be completed within 12 months; we plan to perform it between May 2013 and May 2014. 

WP 2. Dapagliflozin 10 mg in the single morning dose (provocative test) will be given to 10 patients with HNF1A MODY and 10 patients with T2DM. For the purpose of the study we also plan to recruit up to 10 patients  with HNF4A MODY, however the recruitment is still ongoing. Inclusion criteria will be:

· HNF1A MODY: monotherapy with sulphonylurea, suboptimal diabetes control (HbA1c > 7.0%), lack of advanced complications of diabetes, good compliance, age: 18-60 years. 
· Exclusion criteria: pregnancy, treatment with drugs that may affect renal function.
· HNF4A MODY (if sufficient number of patients  is recruited): monotherapy with sulphonylurea, suboptimal diabetes control (HbA1c > 7.0%), lack of advanced complications of diabetes, good compliance, age: 18-60 years. 

· Exclusion criteria: pregnancy, treatment with drugs that may affect renal function.

· T2DM: monotherapy with metformin or combined therapy: Metformin + Sulphonylurea, suboptimal diabetes control (HbA1c > 7.0%), lack of advanced complications of diabetes, good compliance, age: 18-50 years. 
· Exclusion criteria: pregnancy, treatment with drugs that may affect renal function.

The concentration of 1.5 anhydroglucitol will be determined the day before (administration day -1) and the day after dapagliflizon administration (administration day +1). 1.5 anhydroglucitol is not a very short term indicator of metabolic control, but taking under consideration the biology of 1.5AG in HNF1A individuals one could expect even acute changes in 1.5 AG concentrations after dapagliflozin administration. The difference (decrease) in pre vs. post dapagliflozin administration will be compared among studied groups. The  urine samples for the urine glucose concentration will be collected the day before (administration day -1), at the day of administration of dapagliflozin  (administration day)-8-12 hours after administration of dapagliflozin, and the day after dapagliflizon administration (administration day +1)-first morning urine sample.The difference (increase) in pre vs. post dapagliflozin administration will be compared among studied groups. The full daily 10-point glucose profiles will be performed day before (administration day -1), on the day of administration ((administration day) and one day after administration of dapaliflozin (administration day +1). The difference (decrease) in mean glucose levels, blood glucose variability (measured with standard deviation-SD) will be compared among studied groups. Urinary glucose, urinary glucose/creatinine, serum and urinary 1,5-AG values,  mean glucose levels and standard deviations pre/post dapagliflizon administration  in HNF1A MODY, HNF4A MODY and control subjects will be plotted in order to graphically assess differences between the study groups. Wilcoxon test will be used to test between-group differences. Receiver Operating Characteristic analysis will be attempted to evaluate discrimination between MODY and control subjects. Although, due to limited sample size, the comparisons will be mainly qualitative, we will have > 80% power to detect a difference in medians equal to 1.5 of variable’s standard deviation, assuming 5% type I error rate. It is sufficient to detect effects with magnitude sufficient for application as diagnostic tool. In addition, we will assess impact of possible confounders, duration of diabetes, gender, BMI and HbA1c. The analysis will be performed with SAS 9.3 software (Cary, NC, USA). This work package is planned to be performed between May 2013 and December 2015.

WP. 3. In this work package we plan to look for genetic factors which influence the clinical course of disease in HNF1A MODY. The analysis will be performed by means of Genome Wide Association Study. Factors influencing age of diagnosis and BMI will be our main focus. Genome Wide Association Study we will be performed on DNA samples from 1000 HNF1A-MODY patients. Blood samples were already collected and DNA was extracted. The source of samples are summarized above (preliminary data). SNP genotyping will be performed using commercial Infinium Human Core Bead Chip (WG-330-1001-PRE, WG-330-1002-PRE) which is a high-density array. This microarray includes 200 000 SNPs and requires only 200ng of DNA per sample. After DNA quantification (Tape Station, Life Technologies) whole genome amplification will be performed (without PCR or ligation steps) in Illumina Hybridization Oven. DNA will be fragmented and hybridized to Bead Chip in a capillary flow-through chamber. DNA fragments will anneal to locus specific 50-mers. The unhybridized and non-specifically hybridized DNA will be washed out and single – base extension of the oligos will be performed leading to determination of genotype call for the sample (HiScan SQ System, Illumina). For each SNP two color readouts are produced (one color for each allele) and intensity values for each of them will inform about the allelic ratio at a single genomic locus. Allele calls will be produced from intensity values using crlmm package for R software. Subsequent quality control of samples will involve filters for cryptic duplicates, gender errors and sample contamination (heterozygosity level). SNPs will be filtered for Hardy-Weinberg disequilibrium (P<10-5) and minor allele frequency (MAF) > 1%. A differential genotyping completeness filter will be employed: 95% minimum completeness for SNPs with MAF > 10%, 97% for SNPs with MAF between 5% and 10%, and 99% for infrequent SNPs with MAF between 1% and 5%. To account for relatedness between mutation carriers within a family, the test of association of SNPs with age of diabetes diagnosis or BMI will be performed within the framework of a two-level mixed effects model. Potential cryptic relatedness will be checked with GRR software to correctly specify family clustering. Data management and storage will be done on a Linux-based system in PLINK file format. Statistical analysis will be performed with SAS 9.3 software using programs accommodated for use in a computing cluster. Assuming approximately 150,000-170,000 autosomal SNPs that pass quality control and resulting Bonferroni-adjusted genome-wide significance level of 3.3*10-7, we estimate that with the sample size of 1000 HNF1 MODY patients we will have 80% power to detect a 4-year per allele difference in age of diagnosis and 1.4 kg/m2 per allele difference in BMI, assuming additive model, minor allele frequency 10% and residual standard deviations of 9 and 3 for age of diagnosis and BMI, respectively. In case of more frequent SNPs, with MAF 30% we will be able to detect a 2.6-year per allele difference in age of diagnosis and 0.9 kg/m2 difference in BMI. To increase power (through reduction of residual variance) the models will include other known determinants of phenotypes of interest such as in utero exposition to diabetes. We will further perform imputation of untyped markers using IMPUTE 2 and the most recent SNP reference panel. The association tests will be performed for imputed data and SNPs showing stronger statistical significance than originally genotyped will be genotyped with TaqMan protocol and re-evaluated. Finally, analysis of genetic architecture of discovered loci including haplotype estimation and haplotype-based association tests will be performed in SAS and R software.
WP4. Dissemination. It is crucial that the results of this program are disseminated to a broad audience of healthcare workers, patients and policy makers if the diagnostic tools developed are to be widely used and provide improve quality of care for patients with diabetes. The overall objective of this work package is to increase the awareness of the importance of diabetes diagnostic testing in the areas of monogenic forms of the disease. Scientific results dissemination. The results of this project will be disseminated through scientific publication in major medical journals as well as through presentations at international symposia, conferences and workshops. Dissemination will be targeted to diverse audiences, including researchers, clinicians and to the public. 
Reaching diabetes patients and the general public. Media dissemination will be used with the aim of promoting scientific knowledge on diagnosis of diabetes subtypes to patients. This may include interviews and articles in newspapers, and on radio and TV. Patients who have benefited from diagnostic testing will be used as patient advocates.
Promoting knowledge regarding monogenic diabetes in countries where the molecular diagnosis of MODY was not available at a larger scale (Ukraine, Russia, Belarus). The information concerning MODY will be distributed among physicians from neighboring countries who participated in educational activities organized by the Department of Metabolic Diseases, Jagiellonian University, Krakow Poland (Differential Diabetes Diagnosis Course, Krakow, November 19-20.2012, financed and supported by the EU Framework 7 CEED3 grant – Health –F2-2008-223211, and with whom the authors of this grant application have develop cooperation. For the individuals from above mentioned countries meeting the clinical criteria of MODY, the molecular diagnosis will be offered to be performed at Jagiellonian University. We plan to test approx. 50-60 individuals (direct sequencing).
Deliverables and milestones
Table 1. Deliverables list
	Deliverable name
	Work Package
	Delivery date (proj. month)

	Validation of the composed analysis of the two already existing biomarkers used for the differential diagnosis between HNF1A MODY and T2DM (1.5 anhydroglucitol and hsCRP)  
	WP1
	12

	Assessment of the utility of single application of one tablet of dapaliflosin as a diagnostic tool to differentiate MODY versus Type 2 diabetes patients
	WP2
	32

	GWAS
	WP3
	32

	Dissemination – establishing the system of co-operation with eastern European countries in the field of clinical and genetic testing of MODY
	WP4
	32


Table 2. List of milestones

	Milestone number
	Milestone name
	WP involved
	Expected month
	Means of verification

	1
	Expanding Polish cohort of  HNF1A MODY patients to approx. 150 individuals
	1
	12
	Report

	2
	Assessment of 1.5 AG and CRP concentrations in patients with HNF1A and controls in Czech and Polish cohorts
	1
	12
	Report

	3
	Performing tests with 10 mg of Dapagliflozin in 10 patients with HNF1A MODY and 10 patients with T2DM. Statistical analysis of the results. 
	2
	12
	Report

	4
	Performing GWAS analysis in 500 patients with HNF1A searching for genetic determinants of age of onset and BMI.
	3
	32
	Report

	5
	Dissemination-distributing the knowledge concerning MODY and information about the option of performing molecular test for MODY in individals meeting clinical criteria of the disease in Bielarus, Ukraine and  Russia. A seminar led by a investigator from Collaborator Institution. 
	4
	32
	Report

	6
	Establishing molecular diagnosis in 60 patients with clinical diagnosis of MODY from Belarus, Ukraine and  Russia
	4
	32
	Report

	7
	Preparing the  data obtained during the study for the publication
	1, 2, 3, 4
	32
	Publications


Novelty and importance of this work
Here we present the research plan aiming to improve the diagnosis of MODY. As stated above, it is estimated that the proportion of MODY patients may constitute about 1% of all diabetic cases, which would correspond to half a million patients on the European continent alone. The proper diagnosis of MODY may lead to optimization of metabolic control and significant improvement in quality of life. Unfortunately, for the time being vast majority of patients with MODY are misdiagnosed as having Type 1 or Type 2 diabetes and hence receive inappropriate treatment. In this grant application we describe research plan that may result in development of new, relatively cheap and widely available screening tools for pre-selecting MODY patients for further molecular diagnosis. We suggest to perform combined analysis of existing biomarkers for MODY instead of analyzing them separately, which may result of better sensitivity and specificity of tests. It is worth to underline that such an analysis was  never done before. One should also notice that combined hsCRP/1.5 AG has a potential of becoming widely avaible screening tool – most of 1.5 AG related studies done before were based on expensive methodology (an enzymatic, colorimetric method with the use of GlycoMark chemicals) while now cheap ELISA-based method is avaible and will be used in this study.  For the first time we describe the protocol proposal of single application of one tablet of dapaliflosin as a diagnostic tool to differentiate MODY versus Type 2 diabetes patients. Such a innovative usage of dapagliflosin has strong theoretical and experimental-based background, the test could be performed at almost any laboratory with basis facilities. We also plan to expand the knowledge concerning genetic factors that may affect the clinical course of MODY. Finding them would be of great clinical importance, could help to establish proper treatment strategy, predict the risk of development of diabetes complications. We plan to perform GWAS analysis based on population of approx. 1000 HNF1A patients in search for genetic factors affecting age of diagnosis and BMI in this patient group. This will be probably one of the first GWAS analysis on monogenic disorders and the first GWAS based study in Poland. It is worth to underline that it may be possible to extend the outcomes of this analysis to more common forms of diabetes. Monogenic diabetes is a perfect model for the search for genetic factors that may influence the risk of development or modify clinical course of polygenic forms of the disease. It means that if we succeed to identify genetic factors affecting age of onset or BMI in MODY patients - the same genes will become obvious candidate genes for type 2 diabetes. This innovative research package will be based on modern facilities avaible at the Department of Metabolic Diseases, Jagiellonian University, Krakow, Poland, including Next Generation Sequencing machineries. It is worth to underline that the authors of this grant application performed intense research in the field of MODY biology/diagnosis in the past (see above). 
Finally we offer to share our knowledge, experience and facilities with countries where the molecular diagnosis of MODY was not available at a larger scale (Ukraine, Russia, Belalus). 
Facilities available. 

Team, Samples. The authors of this application work in the Department of Metabolic Diseases CMUJ in Krakow. Our team is composed of a highly experienced doctors and scientists. Over the last ten years we were able to collect more than 90 HNF1 – MODY DNA samples. We have also become an important diabetes center in Europe and a valuable partner for other world’s leading diabetic centers (Joslin Diabetes Center, Exeter Medical School, University of Oxford). Due to our long-lasting, active collaborations we will be able to collect, in total, 1000 MODY samples to run genome wide genotyping (GWAS experiment). Thanks to our past experiences we are prepared to run and analyze experiments planned in this application and professionally disseminate knowledge about MODY diabetes in Eastern European countries.
Equipment. Department of Metabolic Diseases is a partner of the OMICRON project – “Enabling OMICs high-thROughput technologies” that has started recently at the Faculty of Medicine Jagiellonian University Medical College. The applicants have an access to a 200 m2 laboratory that is organized up to the highest standards and divided into separate spaces – genomics (pre-amp and post-amp) and proteomics. We also possess all the equipment that is necessary to perform experiments planned in the proposed application. Genome Wide Association Study will be performed on Illumina Hi Scan SQ System, which is a powerful platform for microarray and next generation genotyping. We also possess all the equipment needed for sample preparation - spectrofluorymeter for DNA quantity control, Tape Station for DNA quality control, Hybridization Oven, rockers, water baths, dessicators, centrifuges, mulitsampleres, Hybridization Chambers etc.) (WP3). Sequencing of DNA from patients from eastern European centers will be performed on MiSeq – next generation benchtop sequencer (Illumina) that is also accessible at OMICRON laboratory (WP4). Serum high-sensitivity CRP (hs-CRP) levels will be measured on an MAXMAT PL Chemistry analyzer (WP1). Analysis of 1.5 AG will be performed on microplate reader (Benchmark, Bio-Rad) (WP1, WP2). Both analyses will be performed in the Department of Metabolic Diseases. We also have sufficient computational power to analyze and disk space to store data obtained in the experiments. 
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