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[DF DIABETES ATLAS [EEESRUN=lvipvzE

EDITION TO EDITIION - ALARMING ADDITIONS OF
DIABETES EVIDENT FROM IDF ATLAS!

Metabolic non-communicable disease health report of India:
the ICMR-INDIAB national cross-sectional study

Anjana et al

(ICMR-INDIAB-17) Lancet Diabetes Endocrinol 2023 (7t June)
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Current anti-diabetic agents and their actions All Current Treatments for Type 2 Diabetes Have Limitations!

Tissve ske Mechanism Vi Sulfonyl- | Insulin | Metformin | Acarbose | Thiazolidi-
ureas nediones

Gastr

Hypoglycemia

GI side effects

Lactic acidosis

Weight gain

Edema

Need LFT monitoring

Restricted populations

Poor responder rate
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Achieving goals with
monotherapy
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CELLULAR “STRESS WARS” IN DIABETES

Increased OXTDATIVE STRESS in patients with
Type 2 diabet:

and its v; 1 lications

Differential gene expression of NADPH oxidase {(p22P"e~)
and hemoxygenase-1 in patients with Type 2 diabete

e pene
tolerance

mitochondria to generate energy in cells

classic and non-classic insulin target tissues

improve insulin resistance

Glucose and lipid metabolism are largely dependent on

‘When nutrient oxidation is inefficient, the ratio of ATP
production/oxygen consumption becomes low, leading
to an increased production of superoxide anions

In addition to reactive oxygen species formation,
genetic factors, aging, and reduced mitochondrial
biogenesis all contribute to mitochondrial dysfunction.
These factors also contribute to insulin resistance in

Interventions that improve mitochondrial function also

Increased INFLAMMATORY STRESS in patients with
Type 2 diabetes and its vascular complications

Diabetes is a p|

Association of C-reactive protein with body fat, diabetes
and coronary artery disease in Asian Indians: The
Chennai Urban Rural Epidemiology Study (CURES-6)

MITOCHONDRIAL STRESS
IN DIABETES AND AGING

The emerging role of autophagy
in the pathophysiology of diabetes mellitus

Insulin
resistance

Lipotoxicity

Functional Autophagy

Turn-over of
proteins
and organelles

ubiquitinated proteins,

Elimination of
damaged organelles ‘

Cell survival

Defective Autophagy

Toxic aggregates

Degenerative
changes

Ubiguitinated proteins
damaged organelies

Autophagy

M

Impaired Autophagy
Yz |
hydrolases

Metformin

Cell death Diabetes

GLYCATION STRESS

DCCT-EDIC findings revealed that:

nflammatory Early Glycemic control marters!!!

state: a translational perspective

We need to look ‘beyond glicose®!!

Advanced glycation end (AGE) producits appear to be an important risk factor
independent of glycemic conirol

tion of Leukocyte Count and hsCRP with Metabolic
Abnormalities in Subjects with Normal Glucose Tolerance
(CURES - 64)

Diabetes as a disease of endoplasmic reticulum
stress

o @ Translational
Sres Attenuation
@ Induction of ER

@ Apoptosis
g Folding Machineries

€R
B - i
Unfolded proteins —<

(chaperones etc)

Proteasome

@ Degradation E

(ERAD) *

Indian Journal of Clinical Biochemistry, 2010 / 25 (2) 111-118
REVIEW ARTICLE

ENDOPLASMIC RETICULUM STRESS IN DIABETES: NEW INSIGHTS OF
CLINICAL RELEVANCE

Balssubramanyam e¢ 51 2010

Stressing the ubiquitin-proteasome system

isamy Sampathkumar



We become so much eccentric and centric in many things!

It is evident from DCCT, DCCT-
e Centric EDIC follow-up, UKPDS and
Insulin-Centric several other Prospective diabetes
Pancreas-Centric studies, that diabetic

Beta-Cell-Centric

Diabetes-Centric complications could evolve
Independent of HbAlc and other
Beyond Glucose markers — complexed by a

Beyond-VEGF .
Beyond-MAU phenomenon of “Metabolic

Beyond-Genetics

Beyond Diabetes MemOI'y, dl'iven by Epigenetic
Modifications

Molecular Pathogenesis of Promise of personalized omics

to precision medicine

Type 2 DlabeteS ;om ex problems
need sopfiisticated
Sﬂﬂl@ﬂ’é The rapid development of high-throughput technologies and computational
Genes frameworks enables the examination of biological systems in unprecedented
Behavior detail. The ability to study biological phenomena at omics levels in turn is expected
- — to lead to significant advances in personalized and precision medicine. Patients can
Diet/Nutrition .
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Toxicogenomics lomics

Apply results to new trials

Proteomics—-(ie
Transcriptomics

Orfeomics

Source: Carini, C., “Biomarkers: Predictive Tools to Enable Translational Research,” IBM (Imaging) Biomarker Summit lll, January 2007.




There are several unmet clinical needs In

Diabetes Prevention; Prognosis; Diagnosis;
Monitoring Therapy Responses; Preventing Diabetic
Macro and Microvascular Complications; Managing
Youth Type 2 diabetes; Tailoring Precision Medicine
& that necessitates

Biomarkers Identification & Omics Research & Data Science
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Patients today know more about their
diseases. I must get faster modem;

higher speed internet; know more about
DISEASE-BIOLOGY, BIOMARKERS,
OMICS & DATA Science

“I already diagnosed myself on the Internet.

I’m only here for a second opinion.” for preventing and treating diseases !!!!

Please do not
confuse your
Infernet search
with my
Medical degree




H P FTAAE TR Molecular Pathogenesis of

Type 2 Diabetes _Complex problems
need soplffisticated
ENVIRONMENT - S
Behavior
Diet/Nutrition ctll, * 08 . *uiatesns _ sobfh o - ‘sass
Infectious agents ~ , *88 3 sepr g8fs T8 fef ofEe 8%
Environment
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Pe?
-> Neonatal Diabetes Most common forms ogonis 122 S | &
->MODY (>98% of T2D cases) , NOMICS
Highly Polygenic Transcriptomics ™

To date, more than 200 genetic loci are associated with the development of
multifactorial forms of Type 2 diabetes. However, the proportion of overallitrait
variance explained by these associated loci is only modest (~5-10%)

Effect sizes of T2D-associated genetic variants are small (OR: 1.1 to'1.4) and
predictive value is not greater

However, the genetic studies have implicated new loci in beta-cell function.
A lot of biology remains to be done to understand how these new genes affect
beta-cell function



Table 1. Genes involved in monogenic diabetes.®
Disease region/gene Chromosome Protein/gene function
Insulin secretion defect
MODY
HNF44 20q13.12 p-Cell transcription factor
GCK Tp15.3p15.1 Glucose semsor
HNF1A 12q24.31 p-Cell transcription factor
PDX1E 13 gi2.1 -Cell transcription factor
HNF1B 17q12 p-Cell transcription factor
NeuroD1 2q32 p-Cell transcription factor
Meonatal diabetes
KChIT 1 11pi5.1 B-Cell K,qp channel closure
ABCCB 11p15.1 p-Cell K,qp channel modulator, sulfonylurea response
IDDMZ 11p15.5 Insulin production
PTF1A 10p12.31 Pancreatic development
FOXP3 Xp11.23 Immune response control

REMEDY for MODY !!!
MODY

Drug responsiveness: HNF-1o. MODY 3 patients are very
sensitive to sulphonylureas

Correct diagnosis has a major impact on
treatment, prognosis and genetic counseling

-

Gliclazide Metformin

Most common causes are mutations in the
heterogygous state in HNF1A, GCK, HNF4A and
HNF1B (and ABCCB8)

Genetic diagnosis is important for genetic
counseling for all forms of MODY

&

&

Change in FPG (mmol/l)

. . ... B Common T2D
Genetic diagnosis is important for treatment of MODY3 HNF-1a.

HNF1A (SU), 6CK (none required), HNF4A (SU)
and ABCC8 MODY (SV)




Neonatal Diabetes: “Switch insulin to oral drugs”

Mutations in the potassium inwardly rectifying
channel, subfamily ], member 11 (KCNJI 1), gene rep-
resent another ~"'-..'1]l'i|.'!-li' in which the genotype directs
the approach to specific diabetes treatment. The

Decision Model for Economic Analysis for

Genetic Testing in PNDM ‘eracle llIlfOldS fOl' dlabetlc gn'l

Genetic discovery

allows G-year-old to

swap insulin pump for
Successful ife wi readily available pill

By Potor Gorner
Tribune science reporter

When Lilly Jaffe, 6, gleefully
disconnected her insulin pump
from her hip last month, her

Life with Insulin D Sy fsed berier
Lilly was cutting the lifeline
Meonatal Diabetes 10 the hormone that had kep

Mutation in

Mo Test

Life with Insulin

Most patients with a mutation in a potassium channel gene can be
successfully switched from Insulin injections to more efficient oral

sulfonylurea treatment.



PrOte Omi CS iS Vel‘y CIOS e tO Drug Clusterin of identified proteins modulatad by DM sccording to PANTHER's biological procssses for the biofluids reviewed.
Discovery and can be profiled-in a variety -
of body fluids. Doctors often see that-the
protein levels are OK... but individuals
exhibit disease or disease-risk. Your
adiponectin or HDL levels may be
normal... but their biological activity might
have lost due to post-translational
modification of proteins and therefore
knowing these PTMs are important.

Post_translational modiﬁcations (PTMS) Increased 1_-_Il|lull)ic\1|§-‘lfllg‘(| ])c}ll)I]]Uj_'_lfihill (Ii_h.\‘.\‘-( i) in type 2 diabetes
Phosphorylation
Glycosylation
Acylation
Methylation
ACE.:W]?FLOH . ADP-nbosylation
Ubiquitinylation i
Isoprenylation
Glycation
Sulfation
Glutathionylation || Carboxylation
Nitrosylation Lipdation
Carbonylation
Oxidation
Alkylation SUMOlyation
Hydroxylation ISGlyation
Deamindation
Racemization

Tsomerization




Monitoring therapy-responses in diabetic patients is routinely done by
HbAlc measurement which-reflect glycemic control over a period of 3
months. Today, glycated albuminis emerging as a tool to measure the
glycemic control response in two weeks’ time. Collaborating with National
Chemical Laboratory, Pune, we have also pioneered and showed Glycated
peptides of serum albumin as a biomarker for predicting development of
microvascular complications.

Development of Diagnostic Fragment lon
Library for Glycated Peptides of Human Serum
Albumin: Targeted Quantification in
Prediabetic, Diabetic, and Microalbuminuria
Plasma by Parallel Reaction Monitoring,
SWATH, and MS™®  \(iccutar and Cellular Proteomics 2015

Arvind M. Korwar§, Garikapati Vannuruswamy§, Mashanipalya G. Jagadeeshaprasad§,
Ramesha H. Jayaramaiah§, Shweta Bhat§, Bhaskaran S. Regin{,

Sureshkumar Ramaswamy§, Ashok P. Giri§, Viswanathan Mohani,

Muthuswamy Balasubramanvami, and Mahesh J. Kulkarnig&f

ws with predi

Balasubramanyam. Heterogenous
complications of diabet

recently increased Cl

Glycated albumin - a promising marker for diabetes and glucose control



Two metabolomic approaches

Get ready for an "ACID' test for

Targeted metabolomics Untargeted metabolomics diabetes; Metabolomics M ] ic!
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“Identification” " "
-in Dlsease-BloIogy

Nat Med 2011 April ; 17(4): 448-453. do1:10.1038/mm.2307.
Isoleucine, leucine, valine, tyrosine & phenylalanine
Metabolite Profiles and the Risk of Developing Diabetes

cientific. Reports,

Today it is well conceived that Serum metabolite profile

: : : associated with incident type
apart from hypertrlglycerldemla 2 diabetes in Koreans: findings

and hyperinsulinemia — diabetes MR CIEELYHNEENT
pathogenesis is also linked 10 |abiththtLidadnd

Soo JinYang(®?, So-Young Kwak?, Garam Jo?, Tae-Jin Song® & Min-Jeong Shin?

Of all metabolites measured, 22 were significantly associated with T2D risk. Specifically, serum levels

h yp e r— am i n O aC i d e m i a . of alanine, arginine, isoleucir"le, proline, tyrosine, valine, hexose and five phosphatidylcholine diacyls

were positively associated with T2D risk, whereas lyso-phosphatidylcholine acyl C17:0 and C18:2 and
other glycerophospholipids were negatively associated with T2D risk. The associated metabolites were
further correlated with T2D-relevant risk factors such as insulin resistance and triglyceride indices. In



Circulating MiRNAs of ‘Asian Indian
Phenotype’ Identified in Subjects with
Impaired Glucose Tolerance and Patients
with Type 2 Diabetes

PLOS ONE, 2015

Paramasivam Prabu’, Sophie Rome?, Chandrakumar Sathishkumar",
Sankaramoorthy Aravind', Balakumar Mahalingam', Coimbatore

Subramanian Shanthirani', Caroline Gastebois?, Audrey Villard?, Viswanathan Mohan',

Muthuswamy Balasubramanyam1 *

List of differentially expressed circulating miRNAs
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5 Published online

Tiny RNA molecules as diabetes marker

R

(miR

Considering microRNAomics, we have
reported a panel of altered miRNAs of
Asian Indian phenotype not only in
patients with type 2 diabetes but also in
Individuals with prediabetes.

Our work got excellent media coverage
guoting ‘Tiny RNA .molecules as
diabetes marker’ & “MicroRNA
markers for Madhumeha?.

MicroRNA markers for Madhumeha

August 14 201




REFINING THERAPEUTIC DECISIONS &
PREDICTING DRUG EFFICACY

Responders

Genetic & ' ‘ :f
Genomic Adverse m _ ”
m Profiling -Reactions G

Non-Responders
RNA

MicroArrays

Pharmacogenomis

Specific transporters are involved in intestinal absorption,
hepatic uptake and renal excretion of metformin

Q

L]
A variant in OCT1 shown to
decrease response to metformin

A variant in MATE1 produces

a small increase in the hyperglycemic effect of metformin




Recently, it has become increasingly clear that part of the gene—
environmental interactions relevant for complex diseases such as
Type 2 diabetes Is regulated by such as
histone modifications and DNA methylation

Type 2 Diabetes

/5N

Genetic-~ | Non -genetic Factors
Factors '

’ Physncal inactivity / Exercise
/ Diet and obesity
7 Intrauterine environment

v

Epigenetic Factors

DNA methylation
Histone modifications

Histone acetylation

(transcriptional activation) | Geng lmn:l:rlpﬂl;m ]

wm:m%/m

Closed chromatin Opaen chromatin

Histone :Iea:elylutl-nn
{gene silencing)




Recently, it has become increasingly clear that part of the gene—environmental
Interactions relevant for complex diseases such as Type 2 diabetes is regulated by
such as histone modifications and DNA methylation

Clinical Epigenetics

Augmentation of histone deacetylase 3 .
(HDAC3) epigenetic signature at the

interface of proinflammation and insulin
resistance in patlents with t:.-rpe 2 dlabetes

Chondmiormar Sasishiarma, =.!'.r|..-.-.'| S salingam Balakumar, Raji Lemim, Durai Prabfa,
Sy frgans, Vs =it - M 2 2 '-'._:'|_ vy Bl I amarrra B

Relative Expression of HDALC3
HIDACH activity (pmol'min/mL}

TIDM
e Rl | =23

Promising Epigenetic Drug Target for Diabetes - Newswise
W, newsulse com/articles/view/s669131?print-article =

Feb &, 2017 - Promising Epigenetic Drug Target for Diabetes ... be the way for future anti-diabetic
drugs with novel mode of actions and newer therapeutic options”, said Muthuswamy

Balasubramanyam, Dean of Research Studies & Senior Scientist from the Madras Diabetes Research
Foundation in Chennai, India.

Sarhi shiourar & al Asran Genamics (F008) 1241
el g 108 T B SR0GH | B-011 T

Hurman Genomics ALTERED LNCRNAS SIGNIFY AN UPSTREAM LINK IN THE
ETIOLOGY OF TYPE 2 DIABETES

'JJ \ 15 OCTOBER 2018 ® DIABETES

Linking a role of IncRNAs (long non<oding
RNAs) with insulin resistance, accelerated
senescence, and inflammation in patients
with type 2 diabetes

anchauTor Seshimor, Famoasham Frab, Wissarastan Momn and b

Researchers from the Madras Diabetes Research Foundation (MDRF), Chennai, India have unraveled a new-bioclogy

link in the eticlogy of type 2 diabetes as their work' demonstrated an association of altered long non-coding RNAs
(LncRNAs) with accelerated senescence, inflammation and insulin resistance in patients with type diabetes.




One more layer of complexity........ Metagenomics!

Your diabetes fate is not only decided by your own
genes but also by your gut microbial genome !!!

microbiota manipulation. To conclude,
ectly be related to how rich you are (financially)...

but it’s going to be related to how rich you are in your gut microbiota!
Theretfore the new advice for both the general public and the patients
is this— “stock up on your good gut bacteria!” The road to personalized

gut microbiota management might be seen long and winding, but the
8 2 8 g 8
destiny makes it worthwhile with a futuristic research and

development investment.

Indo-Danish grant on Gut Microbiome and Diabetes

We just completed a large scale
Indo-Danish metagenomics
project — where we have shown
distinct  alterations of gut
microbiome diversity not only In Pinna et al. Genome Medicine (2021)
patients with diabetes but also in Trans-ethnjg.gut microbiota signatures of
prediabetes. In addition, we do
find ethnicity specific differences
In gut microbiome.

Trans-ethnic gut microbial signatures of

prediabetic subjects from India and
Denmark

Pinna et al. Genome Medicine (2021)

type 2 diabetes in Denmark and India




Eat for your Gut Microbiome and Choose MAC diet! — Your Health is n

guaranteed and insured too! c
Dr. M. Balasubramanyam .\'

Dean of Research Studies & Senior Scientist

Taking a Diet? sccocoe Madras Diabetes Research Foundation, Chennai-600086, Iindia
Eat for you and

microbes and microbial products in tum can influence vanous aspects of host physiology. Cne
Eat for me too.... | P - physiology.
promising route to affect host functon and restore health is by altering the gut microbiome using

Corresponding Author: Dr. M. Balasubramanyam; baluglobaldiab@gmail.com
Diet plays an important role in shaping the structure and function of the gut microbiota. The

dietary intervention. We are what we eat and that's why everyone is prescribed for healthy food
choice. Do you know the food we eat plays an essentiad role m maintaining the richness and
function of our gut microbiota (trillions of bacteria that live within our digestive tract) and thereby
dictates our health and keeps us disease-free?

Want to be Healthy? — Choose MAC diet: Much of the carbon and energy for members of

Microbial the microbiota originate from plant- and animal-derived dietary carbohydrates and plant fibres
(resistant to degradation and absorption by the host). Microbial competition within the gut is

Health. oo ..& intense for metabolic access to the energy and carbon sequestered in these molecules. The
. o complex carbohydrate portion of dietary fibre that can be metabolzed by gut microbes, were
Mlcr Oblal proposed to be referred by the term “microbiota-accessible carbohydrate™ (MAC). MACs serve as

Q h selective agents, altering the composition of the microbiota. but also dictate the functionality and
Richness.... | i , o
metabolic output. Short-chain fatty acids (SCFAs), namely, acetate, butyrate, and propionate, are
released by gut bacteria dunng fermentation of dietary fibers. they operate through specific
receptors on the host and offer several metabelic benefits. When we adapt to MAC-deprived diet,
we also lose the metabolic benefits of gut-microbiome derived metabolites
It's true — Modern Society consume MAC-deprived diet: Modern diet consists of heavily

processed foods, nich in fat. sugar, protein, and a variety of additwes, while remaining low in

Detrimental Impact of Microbiota-
Ac ce SSi b Ie Ca rbo hYd ra te' De priVEd although. on average. those on the Westem diet only consume 15 g. People in traditional societies
Diet oh Gut and Immune (for example. Hadza hunter-gatherers of Tanzania) where fiber intake can reach 50-120 giday,

micronuirients and distary fiber. The recommended daily ntake of dietary fiber is at least 30 g

are associated with 3 much more dwerse gut microbiota when compared with people n Westem

Homeostasis: An Overview
Frontiers in Immunology, 2017

Claire Immediato Dalen’**, Gabriela Veronica Pinget'?, Jian Kai Tan* and
Laurence Macia'**"

countrnes. A diverse microbiome (microbiome richness) is associated with “good health,” while low

diversity and micrbiome dysbiosis have been comelated to several non-communicable diseases
ncluding type 2 diabetes.

Low consumption of MACs over generations leads to the complete disappearance of benefica
bacterial strains i a predlinical mice model study. f we extrapolate this finding, this seems to
suggest that long-term-reduced MAC consumption over generations will likely to have detrimental
effects in humans. The message is clear — Choose MAC diet, if needed combine dietary and

probiotic interventions, keep your gut microbiome happy. they in tumn make you happy, healthy and

keep you free from Ifestyle diseases.



Health is Under Threat &
Healthy Aging is a Dream
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“ . thalthspan. Studies are underway
l[eSDe ¢ inereas: e haut Health span? worldwide to use the discoveries about
espamsmcmsmg Whﬂtﬂbﬂlltﬂea"hspana calorie restriction and other related

Dr. M. Balasubramanyam genetic or pharmacological interventions
Dean of Research Studies & Senior Scientist. MDRF

to close that 20 to 30-year gap between
lifespan and 'healthspan'. Big Pharma
already have an 'eye’ on the development
of “healthspan-enhancing
pharmaceuticals”. After all, we have
made great progress in extending the
length of life and now must focus on the
quality ofthose added years.

Open Longevity Science, 2013, 7, 1-10 1

Research and Policy to Achieve Healthy Aging in Asia: Recommendations
from an Expert Workshop

Ng Tze Pin', Balasubramanyam h-'Iuthuswam}'j. Fenech Michael’, Head Richard® Amarra Maria
Sofia*” and Loke Seng C'her:-ugﬁ

- Consortium for Ageing Research and Education 1in Asia
(CARE-ASIA)

- Asia Pacific Agemg Consortinm (APAC).
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“All my colleagues are doing “Ageing Research”,
I am simply ageing!”




Telomere shortening
Dedahe Pickop yerete thes Then why do we get -an emerging, long-term biomarker of lifestyle diseases ?

Type 2 diabetes normally

occurs in the 4% decade of QPES Cabe(cn EFER -- marker of accelerated (Biological) Aging
life, ie., around 40 years and around the 2" and

after that....... ’ N 3rd decade of our life

2222V
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Telomere shortening occurs in Asian Indian Type 2 Diabetic patients Telomere shortening occurs in Asian Indian Type 2
Adaikalakoteswari et al. 2005, Diabetic Medicine diabetic p atients Diabetes Medicine 2005

MR
b

lne 1 2 3 4 5 6 7 8 8 101 Control (40)
W Dicseres (10)

12 Association of telomere shortening with impaired glucose
g tolerance and diabetic macroangiopathy
gn Atherosclerosis 2007
= 8 Antonysunil Adaikalakoteswari, Muthuswamy Balasubramanyam*,
g g * Radhakrishnan Ravikumar, Raj Deepa, Viswanathan Mohan
£ —_
E
3
M4 Telomere shortening & metabolic/vascular diseases
o
g Indian Journal of Medical Research 2007
E M. Balasubramanyam, A. Adaikalakoteswari, S. Finny Monickaraj & V. Mohan

0

Short Leukocyte Telomere Length Predicts Risk of Diabetes in American Indians: The
Strong Heart Family Study

Jinying Zhao," Yun Zhu,' Jue Lin,? Tet Matsuguchi,? Elizabeth Blackburn ? Ying Zhang,® Shelley
Diabetes, 2013

* P=10.001 compared to Control

A. Cole,* Lyle G. Best,® Elisa T. Lee,® Barbara V. Howard®



Hi.... You are absolutely wrong!
At the age of 40, I have all kinds of health problems...
First, | got diabetes; It brought me all of its companions. |
have a long waiting list to see specialists in the next 3 to 6
months. Even in sleep, | see only Lab reports, Scans, X-
rays, colorful tablets and capsules, diet advice, exercise-
threat and loads of medical bills...prepaid and
postpaid...Recently, I met a Disease-Biologist... He says
my biologicial age is 50 plus! and I must be running
through

Hi Friend, you must be lucky... You
know every single speciality doctor In
the City.... You must be Healthy!




RISE study Raise New Concerns on Youth Diabetes Treatment!

ADA-2018

Youth-Onset Diabetes Needs Different Approach to That in Adults
Diabetes Much More Aggressive in Teens
T2D Diagnosis at Younger Age: 'Scary Stuff

In adolescents with impaired glucose tolerance (prediabetes) or recent-onset type 2
diabetes, early intervention with long-acting insulin followed by metformin, or
metformin alone — both given for a year — failed to prevent deterioration in beta-
cell function. Indeed, beta-cell function declined in both groups during treatment
and worsened after treatment. Additionally, youth with IGT and T2D, compared to
adults, are more insulin resistant.

Association of increased levels of MCP-1 and cathepsin-D in young
onset type 2 diabetes patients (T2DM-Y) with severity of
New biomarkers to predict Young Onset of Diabetic gl diaberic retinopathy  jaumal of Diabetes and its Complications (2017),

A . A A Sruthi Reddy ®, Anandakumar Amutha ® Ramachandran Rajalakshmi ® Regin Bhaskaran #,
Retlnﬂpathy MadraS DlabEtES Resear[:h Fﬂundatlﬂﬂ Finny Monickaraj”, Sampathkumar Rangasamy ©, Ranjit Mohan Anjana®, Shiny Abhijit 2,

R h Kuppan Gokulakrishnan @, Arup Das ", Viswanathan Mohan @, Muthuswamy Balasubramanyam =*

“Type 2 diabetes in younger adults represents an extreme phenotype with a paradoxically increasing
trend in Asian Indians and these individuals are highly prone to the develcpment of diabetic
microvascular complications like diabetic retinopathy™ — says lead authors Muthuswamy
Balasubramanyam & swanathan Mohan. This means ‘earlier the onset of diabetes, faster and
greater will be the vision problem’.

‘It appears that higher levels of MCP-1 and cathepsin-D in young onset type 2 diabetes patients
represent an a d ng phenotype — a driving force for faster development of diabetic
retinopathy. | ected that t ing the pathways related to these biomarkers could be a future

strategy for preventing the heigh d risk of developing diabetic retinopathy in young-onset diabetic

patients” — concludes Balasubramanyam.



NUTRIGENOMICS

for Disease Prevention and Intervention

Nutrigenomics
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rl-hf-" C’I'I‘II.CS- ﬂ'f Nthl'lllﬁl'l Quantification of the nutritional genotype-phenotype relation to define personal health
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Dietary components can influence not only the inherent qualities of cells, but
ilso the way cells respond to drugs and other treatment interventions,

COMMENTARY

Metformin: Nature’s Gift that Keeps on Giving More!

M. Balasubramanyam

Why don’t we look for a Metformin equivalent(s) in out
Ayurvedic Herbals?




EXPOSOMICS

Novel insights of elevated systemic levels of bisphenol-A (BPA) linked
to poor glycemic control, accelerated cellular senescence and insulin
resistance in patients with type 2 diabetes

Avinash Soundararajan'Z . Paramasivam Prabu’ - Viswanathan Mohan' - Yann Gibert?> .
Muthuswamy Balasubramanyam’

Gene expression alterations in PBMCs
from patients with T2DM

Exposomics

“At it’s most complete, the exposome encompasses life-course

environmental exposures (including lifestyle factors), from the

prenatal period . ) s | Receptor markers

onwards...” -- Christopher Paul Wild (GLB1, p16 % N (ERRy, GPERI1,
> pl6, AHR)

T Senescence

Scientific Environmental

Correlated Health Implication
10
e . —

control

Telomere
length

Environmental Health

Direct measurement of Bisphenol A (BPA), @
BPA glucuronide and BPA sulfate in a

diverse and low-income population of

pregnant women reveals high exposure,

with potential implications for previous

exposure estimates: a cross-sectional study




“Evs | EXOSOMES are kind of like FedEx packages”

“Each Exosome carries a tiny cellular cargo and has its own ‘ZIP
code,’ which directs it to a particular part of the body.”

invagination of plasma membrane

Fusion

Think of Exosomes as the body's "Fed-

Ex" or "DHL" delivery syst ,
Endocytosis

Exosomes are ve

communicators, As they are membrane

vesicles, they have great potential for

delivering drugs, both synthetic and

biological, by homing to a specific tissue

or microenvironment.

Receptor-ligand binding

Exosome

Exosomes are programmed to GUIDE, SUPERVISE & MENTOR



Ali et al 2023;
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Diagnostics

Molecular
Modeling

EVs derived from plasma or urine samples contain important molecules that could be
used in the diagnostics of various diseases and in some cases reveal information about
different stages of disease

Engineered EVs can be loaded or fused with small-molecule drugs and used as a vehicle
for targeted delivery and combination drug therapy

The molecules enriched in EVs can be subject to bioinformatic studies and used'for
computational or molecular modeling

Most importantly, EVs are a rich source of biomarkers in physiology and
pathophysiology.



The rationale for investigating the biomarker role of
urinary EV miRNAs to predict Diabetic Nephropathy

Diabetes is a leading cause of chronic kidney disease worldwide, and accounts for 30-40% of
end-stage renal disease cases in India

While longstanding type 2 diabetes mellitus (T2DM) and peor glycaemic control are risk
factors for diabetic nephropathy (DN), South Asian ethnicity-has also been linked to a
relatively greater susceptibility to this complication; in fact, there aresignificant differences in
the epidemiology of microvascular complications between South Asians and, people of other
race.

Hyperglycaemia, hypertension and genetic predisposition are among the ‘significant “kisk
factors that affect kidney glomeruli, arterioles, tubules and interstitium.

Micro-albuminuria (MIC) is considered the gold standard indicator of DN, yet it poses certain
specificity and sensitivity concerns. Its predictive powers are limited, as structural changes in
the glomerular basement membrane and renal vasculature may appear before the ‘onset of
MIC. Moreover, clinical factors unrelated to DN can affect MIC status and, recently, It was
observed that 30% of DN cases can arise in the absence of obvious MIC.

Therefore, there is an unmet clinical need to identify novel, reliable biomarkers reflecting
early-stage DN and progressive renal dysfunction in diabetes patients to allow for appropriate
therapy that might prevent or slow DN evolution.



Key Findings
A total of 73 miRNAs detected in-urinary EVs (NGT) were predicted to target important
functions for kidney homoeostasis, thereby validating their use as indicators of kidney

dysfunction.

A specific urinary EV miRNA panel comprising of increased levels of let-7i-3p, miR-24-3p and
miR-27b-3p, and decreased levels of miR-15b-5p, was found to.identify patients with MIC.

ROC curve analysis confirmed this ability to identify MIC in normo-albuminuria T2DM
(T2DM-NA) patients and to differentiate between MAC and T2DM patients.

These miRNAs were also predicted to target protein networks involved in the,Wnt/b-catenin
signalling cascade, activin receptor signalling and cell differentiation/proliferation, and
correlated with eGFR, HbAlc, serum creatinine, urea, alboumin and blood pressure.

Available online at

ScienceDirect
WWW.SCI

NAs from urinary extracellular vesicles are non-invasive early
biomarkers of diabetic nephropathy in type 2 diabetes patients with
the ‘Asian Indian phenolype

P. Prabu?, S. Rome”, C. S athishku . C. Gastebois ®, E. Meugnier®, V. Mohan ?,
M. Balasubranﬂnvun

Considering the limitations of MIC test (a
gold-standard for predicting DN),
study endorses the utility of wurinary
miRNAs from EVs as non-invasive ‘liquid
biopsies’ to stratify patients at risk of
developing macroalbuminuria (MAC) and
diabetic kidney disease.
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RESEARCH NEWS

Medicine News Return to previous page

Article Released Fri-26th-October-2018 09:06 GMT Share this article:

Institution: ResearchSEA o @ @ |

Contact: Administ

A recent study from the Madras Diabetes Research Foundation, Chennai, India &
University of Lyon, France — brings a new hope for using ‘liquid-biopsy’ exosomal
microRNA biomarkers (miRNAs) from urine to predict risk for kidney disease in
diabetes patients.



Patient data and-computing tools are the pre-requisites for a quality data
outcomes of Omics advancements. Well in advance, US has made
substantial investment in Health-_information technology & Big Data
analysis In relation to drug discovery. This is slowly catching up in
India...Healthcare Technology Innovation Centre in I1'T-M and other such
Initiatives in the rest of the country.

US has made substantial investment in
health information technology (HIT)

Health Information Technology for Economic and Clinical

Health (HITECH) Act of the American Recovery and

Reinvestment Act (ARRA) (Blumenthal, 2011)

* Incentives for electronic health record (EHR) adoption
by physicians and hospitals (up to $27B)

* Direct grants administered by federal agencies (528,
including funding for health information exchange,
workforce development, etc.

* Biomedical Informatics educational program °©
* Big Data to Knowledge (BD2K) projects
* Informatics Discovery Lab (1DL)

W Healthcare Technology
‘ Innovatlon Centre
laborate innovate > impact

@ A joint initiative of




Biomedical Big Data

would benefit most, thereby representing a first step towards precision medicine in diabetes.

Electronic Health Records -Omic Data Pracision madicine

-Omic and Electronic Health Records Big Data Analytics for
Precision Medicine

Lancet Diabetes Endocrino 2018
Novel subgroups of adult-onset diabetes and their association
with outcomes: a data-driven cluster analysis of six variables

%
/y_},;\ 2, Interpretation We stratified patients into five subgroups with differing disease progression and risk of diabetic
%\/ “’IA complications. This new substratification might eventually help to tailor and target early treatment to patients who
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Figure 1. Heterogeneity of diabetes. The pie chart represents
the multiple ways people can develop hyperglycemia and reach
the diagnosis of diabetes. The size of each piece only represents
an approximate proportion of prevalence in the population.
IR, rare genetic forms of insulin resistances MIDD, maternally
inherited diabetes and deafpess MODY, maturity-onset dia-
betes of the young: type 1, type 1 diabetes; PGA, diabetes cansed
in the setting of polyglandular autoimmune syndromes LADA,
latent autoimmune diabetes of adults;s KPD, ketosis-prone dia-
betes: type 2a-2e, hypothetical subgroups of type 2 diabetes.

Genomics . .
. c\—; Novel Discovery of &— Proteomics

TrEanscrlptor'ﬂl Cancer Subtypes $— Metabolomics
pigenomics —

Fast Healthcare Interoperability Resources (FHIE)

Integrating -Omic Knowledge into the EHR System

cmerge rl_etvvorli
/\, Severe auto-immune diabetes (SAID)
arerrec Severe insulin-deficient diabetes (SIDD)
e Severe insulin-resistant diabetes (SIRD)
., 3 Mild obesity-related diabetes (MOD)

PR LIRS Mild age-related diabetes (MARD)




Novel subgroups of type 2 diabetes and
their association with microvascular

outcomes in an Asian Indian

population: a data-driven cluster

analysis: the INSPIRED

Recently five distinct ‘clusters’ of individuals with
diabetes with significantly different characteristics
have been identified in a Scandinavian population.
The unique Asian Indian phenotype predisposes
them to young-onset type 2 diabetes (T2D).

For the first time in India (and South Asia), cluster-
ing was done on 19084 individuals with T2D using
eight clinically relevant variables (age at diagnosis,
body mass index, waist circumference, glycated
hemoglobin, triglycerides, high-density lipoprotein
cholesterol, and C peptide fasting and stimulated).
Four replicable clusters were identified, two of which
were unique to the Asian Indian population.

The novel cluster ‘Combined Insulin Resistant and
Deficient Diabetes’' is of particular importance as it
is characterized by difficult-to-control hyperglyce-
mia and increased hazards of kidney disease and
retinopathy.

Stud}i%njana et al 2020

Cluster 1 (Severe Insulin
Deficient Diabetes, SIDD),
Cluster 2 (Insulin Resistant
Obese Diabetes, IROD), Cluster
3 (Combined Insulin Resistant
and Deficient Diabetes, CIRDD)
and Cluster 4 (Mild Age-Related
Diabetes, MARD). While SIDD
and MARD are similar to
clusters reported in other
populations, IROD and CIRDD
are novel clusters. Cox
proportional hazards showed
that SIDD had the highest
hazards for developing
retinopathy, followed by CIRDD)
while CIRDD had the highest
hazards for kidney disease



Expanding Etiology on
Novel-Subtypes of Type 2 Diabetes

Distinct Molecular Signatures of Clinical Clusters in

People With Type 2 Diabetes: An IMI-RHAPSODY Study

Slieker et al, Diabetes Volume 70,

Genome-wide association analyses highlight
etiological differences underlying newly defined
subtypes of diabetes

Aly et al. Nature Genetics, November

Diabetes Care. 2022 May 24;dc212489. doi: 10.2337/dc21-2489. Online ahead of print.

Novel Subgroups of Type 2 Diabetes Display Different
Epigenetic Patterns, Which Associate With Future
Diabetic Complications

= nternational Journal of
E t-‘!-tlol;cullru' Sc;'ences S u | al man et a | 2 0 2 5

Article
Characterizing Circulating microRNA Signatures of Type 2
Diabetes Subtypes

Cel Reports

Medicine

Data-driven subgroups of prediabetes and the Type 2 Diabetes: Is it Time to Target B-cell Heterogeneity?
associations with outcomes in Chinese adults '




Chakaroun et al; Nature Medicine 2026
Phenotyping Obesity Beyond BMI

A Multi-Dimensional Assessment Framework

Why BMI Falls Short Body Composition Analysis Fat Distribution Phenotypes

* Does not distinguish fat vs muscle : : W Visceral obesity

* Ignores fat distribution
* Misses metabolic risk
« Same BMI # same health risk

Methods Metrics

Metabolic Phenotyping SN e

s Lean mass

E * MRUCT o Visceral Adgose Subcutaneous Visceral obesity Ectopic fat
* Bosiectrical impedance Tissue (VAT) ‘ Ob.ﬂty
resistance : . \
(HOMAR) |  Protle g : i
Cardiometabolic Risk Stratification | Emergmg Phenotyping Tools

i’ D
Blood A J
= JP—— -
_ Obese (MUO)

* Differentiators * Atherosclerosis || Genomics/ Wearable

* Heaithy * Vessel O | || oolygenic mncrotmon‘e sensors imaging
* Outgenets J | Cordiovascular risk risk scores  profiling & CGM analysis

Comprehensive obesnty phenotypmg enables personalized treatment strategies




All of US is a major program in USA - building a

research program of 1,000,000 + people on Holistic AI Iofus

Clinical Research, Omics Findings and Data
Science with a goal of Precision Medicine.

The future of
health begins
with vyou

The A/l of Us Research Program is a historic effort
to gather data from one million or more people
living in the United States to accelerate research
and improve health. By taking into account
individual differences in lifestyle, environment, and
biology, researchers will uncover paths toward
delivering precision medicine.

Return of information

-
g

l Physical Biologic

measurements samples
and EHR data
from HPO

Sample

RESEARCH PROGRAM

Participant Portal
Informed consent
HIPAA authorization
Participant-provided
information

!

Biologic EHR data from Physical
samples participants or measurements

health data from a direct-
aggregators volunteer partner
convenience clinic
Biobank ‘
data Sample assays

‘

\ Data and ;:
‘ <

research center

Participant-provided }

| information, EHR data, [
NS | physical measurements, ‘

genomic data, wearable g

Y

Genome centers

Assay results ‘

and sensor data, data ‘
‘ linkages |

lData access

Researchers
through researcher
workbench

l Future laboratory partners ‘ ;

\




All of US research program is a role model

AIIOf us attempt for many other nations and it is already

RESEARCH PROGRAM yielding good results of clinical utility in a variety
of disease-states.

NIH’s All of Us Research Program T
Awards $1.5 Million to Institutions UtI|IZIng the All of Us Research Research Roundup: All of Us

Collaborating with Tribal Program for Substance Use and Participants’ Fitbit Data Drive New

Communities to Advance Mental Health Research Research
Precision Medicine

All of Us Research Program NIH launches largest precision Al of Us Research Program Starts I All of Us Research Program Seeks

Updates Data Use Eligibility t e e Lt Collecting New Mental Health and .
Propel Precision Medicine . [ nutrition research effort of its kind Ill\\e); 5eing Data Input on Environmental Health Data

All of Us Research Program Makes ‘N _

Nearly 250,000 Whole Genome H.HJ A

Sequences Available to Advance
Precision Medicine

environment lifestyle
.

All of Us Data Teaches Us About Who Gets Vaccinated

Discovering More Genetic Variants Thanks to A/l of Us Data

What A/l of Us Data Says About Blindness and Mental Health During COVID-19 biology
Learning More About Dementia Risk Through A/l of Us

All of Us Data Clarifies What We Know About Hispanic Heart Health

Steps to Better Health With A// of Us

Study Links Birthplace and Cancer Risk Among Hispanic A/l of Us Participants

All of Us Data Helps Better Predict Hospital Readmission for Patients With Sepsis

All of Us Meets FDA Standards to Deliver DNA Research Results to Participants




The potential of integrating human
and mouse discovery platforms
to advance our understanding of

cardiometabolic diseases

Aaron W Jurrjens'?, Marcus M Seldin®, Corey Giles'*%, Peter J Meikle™>**,
Brian G Drew'***!, Anna C Calkin'2**

Role of Epigenetics and Metabolomics in Predicting
Endothelial Dysfunction in Type 2 Diabetes

An evaluation of the National Institutes of Health grants portfolio:
identifying opportunities and challenges for multi-omics research
that leverage metabolomics data

Consensus Statement »8://d0i.org/101038/841591-023-02502

Second international consensus report
on gaps and opportunities for the clinical
translation of precision diabetes medicine

C A0Vadlllad(eE dllC AllElN(CE 0
cgrd 0 OIMIPIEMeEritc JElE
AdllC 0 Ualc 0 d
AdllC OUSE pPOpPUIatiO 0 dOVd C
PDIO10JI1Cal G OVE
e N e N
‘“‘ Mouse Genetlc’
Human Population - " Reference —
» 0Panel l
«Uve
. J . J
( . . . )
! R CI’OSS'SPECIES integration

Identify conserved
genes and pathways to
improve confidence in
biological discoveries

Yield additional
mechanistic insight
into targets of interest

Prioritise targets with
clinical relevance

.

L A

Applications of Machine Learning Models With Medical Images and Omics
Technologies in Diabetes Detection

Article

Discovery of drug-omics associations
intype 2 diabetes with generative
deep-learning models

https://doi.org/10.1038/541587-022-01520-x
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Hybrid Quantum-Classical Workflow in the NISQ Era: Catalyzing Biomedical Innovation

Ethical and Regulatory Frameworks

Noise and Error
Mitigation

Ethical and Regulatory
Frameworks

Hardware Scalability
and Benchmarking

Workflow Integration
and Expertise Gaps

&

Input: Complex Biological
Data and Problems

=

Multi-omics datasets
(Genomic, Proteomic)

Protein-ligand systems
and Structures

Chemical libraries
and Drug Candidates

Clinical anda Patient Data

Hybrid Quantum-Classical Engine (NISQ Era)

G .
Classical Quantum Processor

HPC Cluster (NISQ Device)

Data Quantum Simulations
Preprocessing (Electronic Structure)

Quantum Machine
Learning (QML)

Iterative
Exchange and
Feedback

Coarse-grained
Simulations

Classical

Variational Algorithms
ML/Optimization

(VQE, QAOA)

Quantum-Specific
Subroutines

Workflow
Orchestration

vy

¥

7 R
Long-Term Goal: Path to Fault-Tolerant Quantum Advantage
(Solving Exponentially Complex Problems)

'd ™
Potential Biotech Outcomes

&%
%
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and Breakthroughs

Drug Discovery
Accelerated Hit Identification
Expanded Chemical Space
Addressing R and D Paradox

Precision Medicine
Enhanced Patient Stratification
Novel Biomarker Discovery
Personalized Therapies

Structural Biology
Accurate Protein Folding
Mechanism Understanding
Disease Mechanisms

Systems Biology
Modeling Complex Networks
Microbiome Interactions

Trends in Biotechnology




It appears that Multidisciplinary Research
with Big Data is the future of medicine.

Big Dreams With Big Data!

Risk Prediction

Biomarkers

b

e e e S

Drug and medical
device surveillance

)

hobd\

Vital parameters ETTEE :
— Disease and
treatment
Combine data sources heterogeneity

into analytical platform

Electronic health
records

-3 aan
}
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Precision Medicine
and Decision
Support

Patient-reported

v

Pharmacological

databases Biomarker Discovery

Population health
management

Medical Imaging

_______________________

;supported by data.

iMedicine is about to become a data scie
iSupported by clinicians. |



® . . It is not so easy now!
Once Lab reports are ready, it will go to the
Doctor’s room; Then
Doctor needs to talk to Doctorates!:
System-Biologists, Bioinformaticians, Algorithm
makers; The so-called DATA Scientists...
Then I'T Future of Medicine combined with

Machine Learning & Artificial Intelligence — The
only, Clinical Decision Making

recision Medicing

Consult me too!

I too have a big
SAY in Precision
Medicine......

I am waiting for you at the airport.
You said lab reports are ready; just to
see the doctor and get prescription




Thanks to
Funding Agencies &

My Disease-Biology
Team



