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Disclosure



Type 1 Diabetes (T1D)

β-cell (54%) : Insulin

α – cell (35%) : Glucagon



Alpha cells in type1 DM : 
- anatomically intact, BUT 
- secretion of glucagon is not normally regulated.

Mara Lorenzl, MD, Nancy Bohannon, MD, Eva Tsaliktan, MD, and john H,
Karam, MD 
Duration of Type I Diabetes Affects Glucagon and Glucose
Responses to Insulin-Induced Hypoglycemia 
(West J MED 1984 October, 141(4):467-471)

bihormonal closed loop approach  
- Above 150 mg/dl, IV insulin pump on
- Below 50 mg/dl, glucagon or glucose pumps on
- Between 50-150 mg/dl, all pumps off

( Kadish AH, Am J Med Electron, 1964:82-86)

1963, Dr. Arnold Kadish
delivered both insulin and glucagon



(Moon JS & Won KC Diabetes Metab J 2015;39:1-9)

Similar to T1D





철저한 혈당 조절의 효과
주요한 임상시험 요약
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2 Holman RR, et al. N Engl J Med 2008;359:1577-89. 
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4 Nathan DM, et al. N Engl J Med 2005;353:2643-53. 
5 Gerstein HC, et al. N Engl J Med 2008;358:2545-59. 
6 Patel A, et al. N Engl J Med 2008;358:2560-72. 
7 Duckworth W, et al. N Engl J Med. 2009;360:129-39.

연구 미세혈관 CVD 사망

UKPDS1,2

DCCT/EDIC3,4

Action to Control 
Cardiovascular Risk in 
Diabetes (ACCORD)5

Not available

ADVANCE6

Veterans Affairs Diabetes 
Trial (VADT)7

Long-term follow-up Initial trial 
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Genetic

Susceptibility

(HLA DR3,4 etc.)
Insulitis and

β cell injury

Pre-diabetes

T1DM

Environmental trigger
Humoral autoimmunity appears

IAAs present
T-cell dysfunction

ICAs present

GAD65Ab present

Loss of FPIR (as measured by IVGTT)

Glucose intolerance

(as measured by OGTT)

Clinical onset

Sequence of events in the natural history of type 1 DM

Time

β-cell 

mass 

90 %

10 %

By Dr. Eisenbach and Powers

Residual T1D β cells :  nearly normal insulin secretion
maintained differentiation



Development of Diabetes in Children 
Stratified for Islet Autoantibody Outcome

JAMA. 2013 19;309(23):2473-9

(TEDDY)



In a research setting, the following approach may be used:

● Test individuals at risk for type 1 diabetes progression for 

GAD65 and IA-2 autoantibodies

● If they are present and confirmed in a subsequent sample, 

tests for insulin, zinc transporter (ZnT8), and islet cell antibodies 

the first phase insulin response to glucose (FPIR) determined

Prediction of T1D



(Yoon HD et al. J Kor Diabetes Asso 444-456. 2000)
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Prevention of T1D
Immunomodulators
- Azathioprine
- Mycophenolate mofetil
- Cyclosporine
- Anti-CD3 antibodies

Teplizumab
Otelixizumab

- Rituximab
- Interleukin-1 inhibition
- Thymoglobulin
- Insulin
- Immunotherapy DAB486-IL-2
- GAD65 immunotherapy
- Costimulation modulation
- Bacillus Calmette-Guerin (BCG)
- DiaPep277
- Donor splenocytes

Antiinflammatory
- TNF-alpha inhibitors
- Interferon alpha

Supplements
- Nicotinamide
- Vitamin D supplements
- Omega-3 polyunsaturated fatty acids

Other
- Avoidance of cow's milk
- Hematopoietic stem cell transplant

SUMMARY AND RECOMMENDATIONS
the prevention of type 1 diabetes is still at the stage of research 
trials, the trials are often mentioned in the lay press.



(JAMA 313:1541-1549, 2015)
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•인슐린 투입방법
New insulin formula

Insulin pump
Artificial pancreas
췌장 췌도 이식, 인슐린 분비 세포

• (새로운) 혈당 강하제



1921 2015  ???



New Insulin formula

Time line of Insulin and its analogues



Getting over barriers of insulin therapy

• New insulin preparation

� Insulin degludec (Approved in 2012)

� PEGylated insulin lispro - specific activity on the liver (less weight gain)

� Insulin degludec/insulin aspart (Ryzodeg, degludec plus)

� FT-105 : insulin linked to the vitamin E via polyglutamic spacer

� Long-acting oral basal insulin analogues : OI338GT, OI362GT, OI287GT 

: oral insulin capsule (ORMD-0801), oral insulin tablet (IN-105), 

: oral spray insulins (ORAL-LYN), 
: rectal insulin suppository (ORMD-0802)

• Combination with incretin-based therapy



AERx® iDMS: liquid

Exubera ® : powder

(N Engl J Med 356:497-502, 2007)
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기저인슐린 요구량

식전인슐린 요구량

정상인에서 식사에 따른 인슐린분비



다회인슐린요법

다회인슐린요법에서는 하루 총 필요한 인슐린의 30~50%를 NPH, 울트라
렌트, 또는 글라진(glargine), 디터머(determir)의 형태로 기저 인슐린으로
공급하고, 
나머지 인슐린을 속효성이나 초속효성 인슐린의 형태로 식사의 양과 종류
에 따라 각 식전에 1-3회 또는 식사를 가장 많이 하는 식전에 한번 공급하
는 것이 일반적. 

지속적 피하 인슐린 주입법 : 인슐린 펌프

인슐린펌프로 인슐린을 담는 용기와 이를 연결하는 카테터 그리고 바늘로
되어 있다. 이 바늘을 주로 복부의 피하 지방층에 고정하고 하루 종일 인슐
린을 주입. 프로그램에 따라 기저 인슐린은 자동으로 주입. 

일반적으로 0.1 단위까지 미세하게 주입 가능.
주로 속효성이나 초속효성 인슐린을 사용하고 하루에 들어가는 인슐린 총
량을 100으로 했을 때 식사전 총량 (식사 인슐린)과 계속 주입되는 기초량
(기저 인슐린)의 비를 50대50으로 하는 것이 기본



Diabetes Management in the Primary Care Setting, 1st Edition,2007 



Dose decision-Basal rate

• 공복에서 혈당을 일정하게 유지할 수 있는 인슐린 양
• 총 하루 인슐린 양 (total daily insulin dose; TDD) 의 40-60 %
• 주입량 (rate) 결정

– 총 기저 인슐린 ÷ 24 (시간)
– 총 하루 인슐린 양 (TDD)의 40-50 % ÷ 24 (시간)

• 1형당뇨병환자는 하루에도 다른 basal rate 가 필요
– Dawn phenomenon : 새벽에 높은 basal rate 투여 요함
– Exercise : 심한 운동뒤에는 낮은 basal rate 투여
– 저혈당 불감증 : 밤에 낮은 rate 투여를 통한 야간 저혈당 방지



Dose decision – Bolus dose (1)

� Correction bolus : 혈당치가 높은 상황에서 필요한 투여량
� Food bolus : 탄수화물 섭취에 대한 투여량

1. Correction bolus : 
– Insulin sensitivity factor (ISF) : 1 단위 인슐린 투여 시 강하되는 혈당치(㎎/㎗)

• “1800 Rule” :  1800/TDD = ISF
ex) ISF 1:40 → 1단위 인슐린 투여시 40 mg/dl 감소

– Correction dose (units) = (현재 혈당 – 목표혈당)/ISF 

※ 예) 현재 혈당 220 mg/dl , 목표 혈당 100 mg/dl,  총 하루 인슐린 45 u
투여 할 교정 bolus 양은? 

(1) ISF = 1800/45 = 40 
(2) Correction dose : (220-100) ÷ 40 = 3 units



Dose decision – Bolus dose (2)

2. Food bolus 
– Insulin-carbohydrate ratio (ICR):

• ICR = grams of carbohydrate for each unit of insulin

• “450 Rule” : 450 / TDD = ICR 

– Timing of boluses important factor 
• 식전 > 식후
• 특히 고혈당일 때는 식사 중 투여가 더 낫다

※ 예) 총 하루 인슐린 45 u, 100 g (밥 ½ 공기) 탄수화물 섭취 시
투여 할 food bolus 양은? 

ICR = 450/45 = 10
즉, 1단위에 탄수화물 10g을 cover할 수 있으므로 10 단위 추가필요



Advance Insulin Pump

1963, Dr. Arnold Kadish
delivered both insulin and glucagon

1978-1987



Advantages of Insulin Pump Therapy

• Reduce the with-in and between-day glycemic variability
– Less absorption variability
– Reduction in glycemic fluctuations

• Less hypoglycemia
• Flexible, preprogram basal insulin

– Temporary basal, suspend basal

• Better meal treatment
– Bolus calculator, extended-wave insulin(dual and square)

• Data can be downloaded and analyzed
• Flexibility, no injections, improved feeling of well being more 

compliance with therapy
– Advantage in infants and toddlers

N Engl J Med 2012; 366:1616-1624



Artificial (bionic) pancreas - Closed loop systems

priciples of closed loop system 

World J Diabetes 2014;5:689-696





JAMA June 11, 2014 Volume 311, Number 22

“Artificial pancreas systems will be the most revolutionary advance in diabetes care since the 

discovery of insulin,” said Aaron Kowalski, PhD, a vice president at JDRF.

“a true automated device is maybe 3 to 5 years in the future,” said Frank Doyle, PhD, chair of the 

chemical engineering department at the University of California.

A first-generation model of an artificial pancreas system is now available in many countries.





Bionic-Pancreas Glycemic-Control system

• Insulin and glucagon were administered by a fully automated, 
bihormonal, bionic pancreas with the use of control algorithms

• The device consisted of an iPhone 4S , which ran the control 
algorithm, and a G4 Platinum continuous glucose monitor 
(DexCom) connected by a custom hardware interface.

• The user interface displayed the continuous-glucose-monitor tracing 
and insulin and glucagon doses, and allowed announcement of meal 
size as “typical,” “more than usual,”“less than typical,” or “a small bite” 
and the meal type as “breakfast,” “lunch,” or “dinner.”

• This triggered a partial meal-priming bolus, which automatically  
adapted insulin dosing to meet 75% of the 4-hour postprandial 
insulin need for that meal size and type. The first meal-priming bolus 
of each type was based on the patient’s weight (0.05 U per kilogram). 
Insulin and glucagon were administered subcutaneously by t:slim 
infusion pumps (Tandem Diabetes Care), which were controlled 
wirelessly by the iPhone. The control algorithm received continuous  
glucose monitoring data and commanded dosing every 5 minutes.



(N Engl J Med 2014;371:313-25)





Artificial Pancreas Studies
Day and Night

Steil GM et al
Diabetes 55:3344-50, 2006

10 Adults 30 hrs CL Vs. CSII

Atlas E et al
Diabetes Care 33:1072-6, 2010

7 Adults 24 hrs CL

Steil GM et al
JCEM 96 : 1402-8, 2011

8 Adults 30 hrs CL

Weinzimer SA et al
Diabetes Care 31:934-9, 2008

17 Adolescents 34 hrs full/hybrid CL Vs. CSII

Elleri D et al
Diabetes Care 36:838-44, 2013

12 Adolescents 36 hrs CL Vs. CSII

Murphy HR et al
Diabetes Care 34:406-11, 2011

10 Pregnant 
Women

24 hrs CL Vs. CSII

Breton et al
Diabetes 61:2230-7, 2012

11 Adolescents/27
Adults

22 hrs CL

Dual Hormone (Insulin and Glucagon)

El-Khafib FH et al
Sci Transl Med 14;27ra27, 2010

11 Adults 27 hrs CL

Russell S et al
Diabetes Care 35:2148-55, 2012

6 Adults 51 hrs CL

Haidar A et al
CMAJ 5;185:297-305, 2013

15 Adults 15 hrs CL Vs. CSII



Artificial Pancreas Studies

Overnight

Hovorka R et al
Lancet 27; 375:743-51, 2010

17 Children & 
Adolescents

3 Studies: 12 hrs CL Vs. CSII

Clarke WL et al
J Diabetes Sci 1;3:1031-8 , 2009

8 Adults 12 hrs CL Vs. CSII

Nimri R et al
Diabetes Tec Ther; 14:728-35, 2012

7 Adolescents & 
young Adults

12 hrs CL

Elleri D et al
Diabetes Tec Ther; 1;3:419-24, 2011

8 Children

Nimri R et al
Pediatr Diabetes 14:159-67, 2013

12 Adolescents & 
young Adults

12 hrs CL Vs. CSII

Dauber A et al
Diabetes Care 36:222-7, 2013

10 Children 2 Consecutive nights Vs. CSII

O`Grady MJ et al
Diabetes Care 35:2182-7, 2012

8 Adolescents &
young Adults 

2 Consecutive nights Vs. CSII



“Pump-Centric” Diabetes Treamtment

Sensor 
Augmented

pump

Low 
Threshold
Suspend

Bolus
Calculator

Flexible Basal

Download
And View

Data

Predicted
Threshold
Suspend

Automated
Carbohydrates

Counting

Automated
Patients
Settings

AdjustmentClosed
Loop

Augmented
Pump

Data Sharing
And Cloud
Storage

Data Sharing
And Cloud
Storage

Data Sharing
And Cloud
Storage

Remote
monitoring

Remote
monitoring

Remote
monitoring

Adopted by slide of Stuart Weinzimer, MD, Yale university School of Medicine



Cell Therapy for Diabetes Mellitus

Limitation

• Insufficient donors for the current demand

• Difficulty of differenciation

- Beta Cells are unique cells organized in a complex microorgan

called the pancreatic islet

Transplantation therapy – cell therapy for diabetes

➀ Whole pancreas transplant

➁ Islet cell transplant

➂ Stem cell therapy



Islet transplantation

(By Dr. Ricordi)





Islet transplantation

• Clinical islet transplantation  : similar to whole pancreas transplantation
• Edmonton protocol series (NEJM 2000)                                       

high rates of 1 year insulin dependence,                                      
but most returned to insulin at low dose by 3 to 5 years

• The islet transplant group in Edmonton                                        
has now carried out almost 500 intraportal islet infusions

• 6 international centers report                                                  
insulin independence rates of over 50% at 5 years                         
with T-depletional induction with anti-inflammatory agents

• A large Phase 3 trial in North America, conducted under FDA 
jurisdiction, will likely lead to Biological Licensure                            
for islet transplantation in the US within the next 2 years

• Decreased human organ donor supply
(By  Dr. Shapiro)



• Embryonic & adult inducible 
pluripotential stem cell therapies

• β-cell
Protection, Regeneration
Differentiation, Proliferation, Replication



Kinds of stem cells from animals and humans

• embryonic stem cells (ESC)
:Stem cells are derived from embryos that develop from eggs that 
have been fertilized in vitro

• “somatic” or “adult” stem cells (ASC)
:Undifferentiated cell, found among differentiated cells in a tissue 
or organ that can renew itself and can differentiate to yield some 
or all of the major specialized cell types of the tissue or organ.

Induced pluripotent stem cells (iPSCs) 
: Adult cells that have been genetically reprogrammed to an 
embryonic stem cell–like state by being forced to express 
genes and factors important for maintaining the defining 
properties of embryonic stem cells.



Sources of stem cells to obtain insulin 
producing cells



Possible sources of β-cells 
for cell replacement therapy



We hypothesized that infused MSCs might also contribute to amelioration
of the insulin resistance of peripheral insulin target tissues. To test the hypothesis, 
we induced a diabetic rat model by highfat diet/streptozotocin (STZ) administration, 
performed MSC infusion during the early phase (7 days) or late phase (21 days) 
after STZ injection, and then evaluated the therapeutic effects of MSC infusion and 
explored the possible mechanisms involved. MSC infusion ameliorated 
hyperglycemia in rats with type 2 diabetes (T2D). Infusion of MSCs during the early 
phase not only promoted β-cell function but also ameliorated insulin resistance, 
whereas infusion in the late phase merely ameliorated insulin resistance. Infusion 
of MSCs resulted in an increase of GLUT4 expression and an elevation of 
phosphorylated insulin receptor substrate 1 (IRS-1) and Akt (protein kinase B) in 
insulin target tissues. This is the first report of MSC treatment improving insulin 
sensitivity in T2D. These data indicate that multiple roles and mechanisms are 
involved in the efficacy of MSCs in ameliorating hyperglycemia in T2D. 
(Diabetes 61:1616–1625, 2012)







Insulin-producing cells previously generated from human pluripotent stem cells 
(hPSC) lack many functional characteristics of bona fide β cells. Here, we report a 
scalable differentiation protocol that can generate hundreds of millions of glucose-
responsive β cells from hPSC in vitro. These stem-cell-derived β cells (SC- β) 
express markers found in mature β cells, flux Ca2+ in response to glucose, 
package insulin into secretory granules, and secrete quantities of insulin 
comparable to adult β cells in response to multiple sequential glucose challenges 
in vitro. Furthermore, these cells secrete human insulin into the serum of mice 
shortly after transplantation in a glucose-regulated manner, and transplantation of 
these cells ameliorates hyperglycemia in diabetic mice.







β cell protection 



(Kim YW , Moon JS et al. Biochem Biophys Res Commun ,420:462-466, 2012)
(By Dr. Robertson)



Inhibition of CD36 recovered ceramide reduced 
Insulin, PDX1 mRNA and apoptosis 

A.
B. C.

D.

E.

(Unpublished data)



β-cell proliferation

• Insulin/ IGF-1 signals
• GLP-1
• Leptin, Resistin from WAT
• Prolactin
• Osteocalcin, Osteoprotegeron from bone
• Neural signals
• HGF, IGF-1 from liver
• IL 6

( By Dr. Kulkarni )



β-cell regeneration

Nature 455, 627-632 (2 October 2008)



•인슐린 투입방법
New insulin formula
Insulin pump
Artificial pancreas
췌장 췌도 이식, 인슐린 분비 세포

• (새로운) 혈당 강하제



Agents that decrease intestinal carbohydrate digestion

(alpha-glucosidase inhibitors) or decrease insulin resistance

(metformin) might be alternative adjunctive therapies in T1DM,

though its benefits are marginally suppo-rted by clinical data.



Insulin

Gut

Carbohydrate

Adipose

tissue

Blood glucose

Digestive

enzymes

Pancreas

Muscle

Liver

α-Glucosidase inhibitors

α-Glucosidase inhibitors

delay digestion and 

absorption of 

carbohydrates

in GI tract







Insulin 

dose

Weight

change

HbA1c

Metformin for Patients with Type 1 Diabetes:

A Meta-Analysis

Diabetes Technol Ther. 2015 Feb;17(2):142-8



• SGLT-2 inhibitor
• Dual PPAR agonist
• G protein coupled receptors
• Glucokinase activator
• Orally active GLP-1 receptor agonist
• GIP/GLP-1 co-agonist
• Dopamin D2 receptor

…
..



• SGLT 2 inhibitors �.

Summary of SGLT 2 inhibitor 

� Insulin independent mechanism

� Reduction of Hb A1c (0.5-1%)

� Reduction of blood pressure

� Reduction of weight (2-3 kg)

� Rare hypoglycemia

� Increased risk of mycogenital infection and UTI but 

manageable



Section 7: Approach to Glycemic Treatment



SGLT-2 Inhibitor has a Durable Effect on the 
Restoration of Glucose Homeostasis by 

Preserving Beta-Cell Mass 

2012 ADA 1018-P Title: The Sodium Glucose Cotransporter-2 (SGLT-2) Inhibitor Empagliflozin has a Durable Effect on the Restoration of 
Glucose Homeostasis by Preserving Beta-Cell Mass in Zucker Diabetic Fatty Rats



…This exploratory study of dapagliflozin in adults with type 

1 diabetes demonstrated acceptable short term tolerability 

and expected pharmacokinetic profiles and increases in 

urinary glucose excretion.

A 2-week,dose-ranging, randomized, double-blind, placebo-controlled proof-of-concept

study randomly assigned 70 adults with type 1 diabetes (HbA1c7–10%),who were

receiving treatment with stable doses of insulin, to one of four dapagliflozin doses

(1,2.5,5,or10mg) or placebo.



2015년 5월…  진료실





요 약
(SMBG and CGM for T1D, 2015 ADA)

• When prescribed as part of a broader educational context, SMBG results 
may help guide treatment decisions and/or self-management for patients 
using less frequent insulin injections (B) or noninsulin therapies (E).

• Patients on multiple-dose insulin or insulin pump therapy should perform 
SMBG prior to meals and snacks, occasionally postprandially, at bedtime, 
prior to exercise, when they suspect low blood glucose, after treating low 
blood glucose until they are normoglycemic, and prior to critical tasks such 
as driving (B).

• When used properly, CGM in conjunction with intensive insulin regimens is 
a useful tool to lower A1C in selected adults (aged ≥ 25 years) with type 1 
diabetes (A).

• 미래
새로운 CGM, pump, algorithm, Smartphone….
e.g. Flash glucose monitoring system : T1D-ongoing trial, 유럽, non-invasive



요 약
(Insulin therapy for type 1 diabetes Recommendations, 2015 ADA)

• Most people with type 1 diabetes should be treated with MDI injections 
(three to four injections per day of basal and prandial insulin) or 
continuous subcutaneous insulin infusion (CSII). (A)

• Most people with type 1 diabetes should use insulin analogs to reduce 
hypoglycemia risk. (A)

• Insulin-treated patients with hypoglycemia unawareness or an episode 
of severe hypoglycemia should be advised to raise their glycemic targets 
to strictly avoid further hypoglycemia for at least several weeks in order to 
partially reverse hypoglycemia unawareness and reduce risk of future 
episodes. (A)

• Most people with type 1 diabetes should be educated in how to match 
prandial insulin dose to carbohydrate intake, premeal blood glucose, and 
anticipated activity. (E)

• Consider screening those with type 1 diabetes for autoimmune diseases 
(e.g., thyroid dysfunction, celiac disease) as appropriate. (E)



미래 치료 방법 ??

• Prevention

Autoimmunity

• β-cell
Protection, Regeneration
Differentiation, Proliferation, Replication
Transplantation

• Insulin & Glucagon
Artificial pancreas



Recent-onset T1D 

• Inhibiting autoimmunity
• Enhancing β-cell survival
• Replenishing the β-cell mass

Cure for Diabetes !!!



감사합니다.


