
D2d Ancillary Study Letter of Intent 
 
 

Page 1 of 3 
v. 2013.3 

Office Use   
Ancillary Study Number  Date Submitted (MM/DD/YYYY)   
 
 
To:  D2d Ancillary Studies Subcommittee  
 
Re:  D2d Ancillary Study Preliminary Concept Proposal 
 
Title of Proposal  
(81 character limit)  

 
 

Principal Investigator  
Institutional Affiliation  
Street Address 1  
Street Address 2  
City  State  Zip Code  
Phone  Fax  Email  
 

If Principal Investigator is not a member of the D2d study group, please specify: 
D2d Co-Investigator  
Institutional Affiliation  
 
Significance, Brief Background, Proposed Central Hypothesis and Specific Aims 
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Study Design  
 

Please address study type (e.g. intervention or observational); population and setting (inclusion/exclusion); 
study design (e.g. study procedures, outcomes assessment and time-points, confounders); analytical methods 
(e.g. preliminary sample size/power calculations and assumptions). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Innovation and Impact 
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Subject Burden and Potential Risks 
 

Please describe (1) additional procedures that will be required of participants; (2) risks to participants from the 
proposed procedures; (3) ways to minimize burden and risk 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use of Stored Specimens  

 
Please select all specimens required for the ancillary study.  
 DNA  
 Plasma Amount needed:  mL Time point(s):  
 Serum Amount needed:  mL Time point(s):  
 Urine Amount needed:  mL Time point(s):  
 
Funding 

 
Anticipated Funding Source  
Anticipated Date of Submission to Funding Agency  
 

Acknowledgement of D2d Ancillary Studies Policies & Procedures 
 

I have read and agree to abide by the policies and procedures for D2d Ancillary Studies as described in 
the document titled: D2d Ancillary Studies Policies and Procedures & Instructions for Submission of 
Proposals, and specifically regarding the presentation and publication of ancillary study results and 
data sharing policies. 
 
Principal Investigator Signature  Date  
(e-signature accepted) 
 
D2d Co-Investigator Signature  Date  
(e-signature accepted) 
 
Final steps to submission: 
Save a copy of this form to your computer.  
Click on the “Submit” button and follow the directions to submit electronically. Alternatively, you may attach the file 
manually to an email and send to: D2d@TuftsMedicalCenter.org. 
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KYN metabolic pathways and type 2 diabetes. 

 

 

Abbreviations 

  

TRP – tryptophan 

 IFNG – interferon-gamma 

 IDO – indoleamine 2, 3-dioxygenase  

 KYN – kynurenine 

 KYNA – kynurenic acid  

 HK – 3-hydroxyKYN  

 3-KYNA – 3-Kynurenic acid 

 KMO – KYN-3-monooxygenase  

 HKT – HK-transaminase  

 KAT – KYN-aminotransferase 

 P5P – pyridoxal 5'-phosphate 

 HAA – 3-hydroxyanthranilic  acid 

 NAD
+
– nicotinamide adenine dinucleotide 

 QA - quinaldic acid; 8-HQ – 8-hydroxyquinaldic acid 

 GTP – guanosine triphosphate 

 T2DM – type 2 diabetes  

 GTPCH – GTP cyclohydrolase I 

 BH2 - 7,8-dihydroneopterin 

 BH4 – tetrahydrobiopterin 

 NOS – nitric oxide synthase 

 NAS – N-acetylserotonin. 
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	Ancillary Study Number: AS14-03
	Date Submitted: 4/4/2014
	Principal Investigator: Gregory Oxenkrug, MD, PhD
	Institutional Affiliation: Tufts Medical Center, Psychiatry and Inflammation Program
	Street Address 1: 800 Washington St
	Street Address 2: #1007
	City: Boston
	State: MA
	Phone: 617-636-0125
	Fax: 617-636-2585
	Email: 
	Institutional Affiliation_2: Tufts Medical Center
	Amount needed: 
	Time points: 
	Amount needed_2: 1
	Time points_2: baseline, year 1 and end study point
	Amount needed_3: 
	Time points_3: 
	Anticipated Funding Source: 
	Anticipated Date of Submission to Funding Agency: 
	Date: 4/03/2014
	Date_2: 
	Title of proposal: Tryptophan–Kynurenine–NAD metabolism, inflammation and Type 2 Diabetes Mellitus
	Innovation and impact: Our proposal is based on an innovative and new hypothesis that dysregulation of TRP–KYN–NAD metabolic pathway is one of the molecular mechanisms mediating the effect of chronic pro-inflammation on development of T2DM in persons with pre-diabetes. Dysregulation of KYN metabolism consists of (a) IFNG-induced activation of IDO and KMO, key enzymes of TRP – KYN – HK pathway; (b) pro-inflammation-associated P5P deficiency resulting in inhibition of P5P-dependent KYNase, catalyzing HK conversion into HAA (an intermediate substrate for NAD formation); and, consequently, (c) up-regulation of HK conversion into diabetogenic H-KYNA. Although some of the key components of this hypothesis have been described in the literature, these lines of evidences have not been united in a single hypothesis explaining how pro-inflammation-induced dysregulation of KYN metabolism might contribute to the development of T2DM. The proposed study might change our understanding of mechanisms mediating the impact of chronic pro-inflammation on the development of T2DM. The practical impact will be development of cost-effective methods to monitor transition of pre-diabetes into T2DM based on assessment of TRP–KYN–NAD pathway; and design of clinical trials of new anti-diabetic drugs among selective inhibitors of the enzymes of TRP – KYN - NAD metabolism
	Subject burden and potential risks: No additional procedures or risk for subjects
	Check Box1: Off
	Check Box2: Off
	Check Box3: Yes
	Check Box4: Off
	D2d Co-Investigator: Anastassios Pittas
	Significance, brief background, proposed central hypothesis and specific aims: Sub-clinical pro-inflammation is a major factor in the development of type 2 diabetes (T2DM) in persons-at-risk for diabetes (pre-diabetes). Molecular mechanisms mediating the impact of inflammation on development of T2DM in persons-at-risk remain unclear. One of such mechanisms might be dysregulation of tryptophan (TRP) – kynurenine (KYN) – NAD metabolism [1]. KYN formation from TRP is catalyzed by ubiquitously distributed indoleamine 2,3-dioxygenase (IDO), inducible preferentially by pro-inflammatory cytokine, interferon-gamma (IFNG). IFNG is also activates the next step of KYN metabolism, formation of 3-hydroxyKYN (HK), catalyzed by KYN-3-monooxygenase (KMO). Under physiological conditions, HK is further converted into 3-hydroxyanthranilic acid (HAA) by pyridoxal 5'-phosphate (P5P)-dependent kynureninase (KYNase). Pro-inflammation inhibits KYNase due to inflammation-associated P5P deficiency. Inhibition of KYNase diverts metabolism of over-produced HK from formation of HAA, an intermediate substrate for NAD formation, towards production of 3-hydroxy-kynurenic acid (H-KYNA) catalyzed by HK-transaminase (HKT). Clinical and experimental studies suggested that H-KYNA and, probably, KYN, HK, and KYNA impair production, release and activity of insulin. Our central working hypothesis is that one of the mechanisms promoting T2DM development in pre-diabetes persons is pro-inflammation (IFNG)-induced excessive formation of H-KYNA precursors (KYN and HK) combined with inflammation-associated P5P deficiency resulting in over-production of diabetogenic H-KYNA from HK at the expense of NAD production. Our hypothesis might be further supported by our reports of a correlation of insulin resistance (IR) with plasma levels of KYN in 60 hepatitis C patients; and with plasma neopterin (a marker of inflammation-induced up-regulation of IDO) and P5P in 592 participants of Boston Puerto Rican Study; and by our observation of attenuation of symptoms of high glucose diet-triggered diabetes in Drosophila melanogaster with genetically or pharmacologically induced impairment of TRP – KYN pathway. To test our hypothesis, we propose [Specific aim 1]: to compare baseline, year 1 and end-of-study serum concentrations of major metabolites and activity of the key enzymes of TRP-KYN-NAD pathway; P5P; and inflammation markers, C-reactive protein (CRP) and neopterin, between D2d study participants that developed diabetes and those that remained free of diabetes during follow-up; [Specific aim 2]: assess association of studied indices with IR and incidence of T2DM in subjects of both arms; and [Specific aim 3]: build multivariable model for predicting development of T2DM utilizing indexes of TRP–KYN–NAD metabolism, inflammation and P5P status All analyses will adjust for treatment arm (vitamin D or placebo)
[1] Oxenkrug G. Mol Neurobiol 2013; 48: 294-301.
	Study Design: Overall Study Design. This is an observational study, ancillary to “Vitamin D and type 2 diabetes (D2d) study”, a trial with 2 arms (oral daily vitamin D vs. placebo) in pre-diabetes patients who will be followed for approximately 4 years for incident diabetes. We propose to study serum levels of major metabolites and NAD, the end product; and ratios of end products to substrates [KYN/TRP and HK/KYN; and H-KYNA/HK, HAA/HK and KYNA/KYN] as markers of the activity of upstream (IDO and KMO, resp.) and P5P-dependent downstream (HKT, KYNase and KATs, resp.) enzymes of TRP-KYN-NAD pathway; inflammation markers, CRP and neopterin; and P5P in samples collected as part of D2d study at baseline, year 1, and at the end point (one ml of serum for each of 2382 samples per time point).
Assessment of inflammation markers. In addition to CPR, which is a non-specific marker of inflammation, we propose to assess serum levels of IFNG-induced production of neopterin, a pteridines derivative. KTR and neopterin are closely associated in healthy humans, cardiovascular and hepatitis C patients. Importance of neopterin assessment is stressed by neopterin correlation with IR and P5P even after correction for CRP; and by neopterin, but not CRP, elevation in diabetic in comparison with non-diabetic patients with critical limb ischemia.
Assessment of predictors. TRP, KYN, HK, KYNA, H-KYNA, HAA, and NAD will be measured by HPLC-MS/MS assay established in Prof. Selhub’s laboratory at Tufts University. Neopterin will be assess by sandwich ELISA using commercially available kits (ARP, Inc., Belmont, MA) according to the manufacturer’s instructions, as established in Dr. Oxenkrug's laboratory. CPR and P5P will be assessed in Tufts Medical Center core laboratory.
Preliminary sample size/power calculations. For aim 1, we will compare in a descriptive analysis the key parameters of interest (metabolites and enzymes of TRP-KYN-NAD pathway, neopterin, CRP, P5P) between the four subgroups of patients defined by both their study endpoint (developed diabetes vs. did not develop DM) and randomization group (treatment vs. control). Separate summaries will be done for these key parameters from each measurement time point (initial, 1 year, end of study). For aims 2 and 3, univariate and multivariable models will be used to explore associations of the key parameters and study endpoints. Time to development of DM will be modeled with Cox proportional hazards models (in the absence of censoring, logistic regression may be used instead). Linear regression will be used to explore associations of key parameters with insulin resistance at different time points. Having repeated measures of the key parameters over time will allow further exploration of changes in the parameters over time as associated with outcomes using more sophisticated modeling methods such as joint models and/or Cox models with time dependent covariates. The D2d study has a planned enrollment of 2382 participants with up to 15% attrition over the study period conservatively leaving 2025 (1012 per group) with complete data for analysis. In the placebo group investigators expect 11% (around 110) of subjects to develop DM. Using a crude rule of thumb of 10 outcomes per 1 covariate in the model, the placebo group alone would allow modeling with up to ten covariates. Additionally, the sample size of 1012 provides 90% power to detect a correlation between two continuous variables of 0.10 or higher. Dr. Oxenkrug’s prior work has found a correlation of 0.33 between TRP and IR which is supportive of an association of this magnitude existing. Thus, we believe the sample size provided by the D2d study is adequate to address the aims of this ancillary study.
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