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Backgrounder — Beta Cell Proliferation

Natural History of Types 2 Diabetes — A Progressive Decline in Beta Cell Function

ONSET of T2D
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Insulin resistance
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Healthy Prediabetes Beyond Considering Intensifying
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Macrovascular changes

Microvascular changes

Kendall, D. Am J Med. 2009;122:537.

biomea We Aim to Cure”

FUSION Page 3



Key Historic Findings Support the Presence of Beta-Cell Defects in T2D

Maclean and Ogilvie, Diabetes 4:,1955

Reduced beta cell volume in T2D
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Holman RR. Diabetes Res Clin Pract 1998;40(suppl):521-525.

Beta cell mass/function decline with increasing year
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Recent Concepts Have Shown Beta Cell Failure is Essential for Development of T2D

Traditional View

Recent concepts
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Beta Cell Compensation in Physiological and Pathophysiological States in Mammals

L
&
g &
@ x
S S
i 4 As As
r Il 1l |
:m: 4
§ = P Non-diabetic obesity
= regnancy
=
Normal

E g 24 —— | B-CellMass
= g / Type-2 diabetes
c : 0 T 1 1 1 1 [ ] 1 T
22 8
S5
o
&’ E 4 Non-diabetic obesity
== | -Cell Replication
@ 2 Type-2 diabetes B P
O s Pregnancy
Y Normal

0 I I I I | | I | 1

Non-diabetic obesity

Pregnancy
/A Normal B-Cell Size
X

Type-2 diabetes

R-Cell Size
(arbitrary units)

0 T T T T T T T T
10 20 30 40 50 60 70 80
Age (years)
biomea weaimtocure Adapted from Science 2005
Page 6

FUSION



Backgrounder — Beta Cell Proliferation

Loss of Beta Cell Mass Drives the Progression of Type 1 and Type 2 Diabetes
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Normal Glucose Tolerance (NGT) followed by Impaired Glucose Tolerance (IGT) followed by Type

2 Diabetes Mellitus (T2DM).

Insulin Resistance leads to an increase in Beta Cell Workload which ultimately leads to Beta Cell

Failure and Death and the Progression of Type 2 Diabetes.

*Int. J. Mol. Sci. 2016, 17, 744; doi:10.3390/ijms17050744
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Concepts of the Pathogenesis of
Type 1 and Type 2 Diabetes
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Type 1 and Type 2 Diabetes results in
Loss of Beta Cell Mass
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Beta Cells Can Adapt to Metabolic Demand during Puberty

Table 1. Chinical details of subjects

Group 1 Group 11 Group 111 Group 1V

{stage 1)  (stage 2&3) (stage 4&5) {adult)
Sex ratio (M/F) 11/5 B/7 7/9 10/6
Mean age (years)+SD 9-1+18 124423 152413 30+5-1
Mean WLI {%)+SD 106413 101 +13 107+ 16 104+ 14
HLA identical (%) 4 (25%) 3 (20%) 5(31%) e

WLI Weight-for-length index.
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Beta Cells Proliferate during Pregnancy

British Journal of Obstetrics and Gynaecology
November 1978. Vol. 85. pp 818-820

A MORPHOLOGICAL STUDY OF THE ENDOCRINE PANCREAS
IN HUMAN PREGNANCY

BY
F. A. VAN AssCHE
L. AErTS
AND
F. DE PRrINS

The Unit for the Study of Reproduction, Department of Obstetrics and Gynaecology, Academisch
Ziekenhuis St Rafaél (KUL), Capucienenvoer 35, 3000 Leuven, Belgium

DIABETES-INSULIN-GLUCAGON-GASTROINTESTINAL

Participation of Akt, Menin, and p21 in Pregnancy-
Induced g-Cell Proliferation

Elizabeth Hughes and Carol Huang

University of Calgary, Faculty of Medicine, Departments of Pediatrics and Biochemistry and Molecular
Biology, Calgary, Alberta, Canada T2N 4N1

B-Cell mass increases during pregnancy to accommodate for insulin resistance. This increase is
mainly due to p-cell proliferation, a process that requires intact prolactin receptor (Prir) signaling.
Signaling molecules that are known to regulate p-cell proliferation include Jak2, Akt, the tumor
suppressor menin, and cell cycle proteins. Whether these pathways are involved in prolactin-
mediated p-cell proliferation is unknown. Using the heterozygous prolactin receptor-null (Prir*/~)
mice, we isolated pancreatic islets from both Prlr*/* and Prir*/~ mice on d 0 and 15 of pregnancy
and examined the expression levels of these signaling molecules. In the wild-type mice (Prir*/*),
both phospho-Jak2 and phospho-Akt expression in pancreatic islets increased during pregnancy,
which were attenuated in the pregnant Prir*/~ mice. During pregnancy, menin expression was
reduced by 50 and 20% in the Prir*/* and the Prir*/~ mice, respectively, and the pregnant Prir*/~
mice had higher islet p18 levels tham**" ~~=*/* mice. Interestingly, between d 0 and 15 of preg-
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ent. These morphological changes indicate that the

“This quantitative morphological study
shows a marked enlargement of the islets & numn
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of Langerhans in pregnant women. oo
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F. A. Van Assche et al. British Jornal of Obstetrics and 1. 1973).
hat the
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Van Assche, 1974; Aerts and Van Assche, 1975),
but no morphological studies have been made in
human pregnancy since the early work of
Rosenlocker (1932). The recent introduction of
more specific staining techniques for the study
of the endocrine pancreas has enabled us to
undertake a quantitative morphological study of

the endocrine pancreas in the pregnant woman.

MATERIAL AND METHODS

Over many years we have been able to collect
five pancreases from women who died during
pregnancy or on the day of delivery; none of
these women was overweight. The pancreases of

adapt to the metabolic changes of pregnancy.

five women of comparable age, who died in car
accidents and were not using oral contraceptives,
were used as controls.

A sixth case is included, for interest, of a
woman who died of post-molar choriocarcinoma.

The clinical data are shown in Table I. A
biopsy of the pancreatic tail was taken within
24 hours of death and fixed in Bouin’s solution
for 48 hours.

Scctions of 3 um thickness were made from
paraffin embedded tissue. The slides were
stained with haematoxylin-cosin and by lvic’s
victoria blue acid fuchsin method (lvic, 1959)
for the demonstration of the endocrine tissue
and for the insulin producing  cells.

The ratio of endocrine to exocrine plus
o ive tissue was calculated by the morpho-
metric method of Chalkley (1943).

For the percentage of 8 cells, 2000 cells were
counted with the nucleus as a counting base.

REsULTS

From Table II it is clear that the amount of
endocrine tissue and also the percentage of 8
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Pancrcatic B-cell mass and ”
plasticity so that in time of d nd p2 1 .

ment, such as obesity and pref

i N ”\a'Hughs et al. Endocrinology, March 2011, 152(3):847-855
insulin secretory capacity can i

this metabolic demand (1, 2). SeveRarmmcovivrmvnew-oug
gest that prolactin and/or placental lactogens are responsible
for the pregnancy-associated changes in B-cell mass and
function. First, during pregnancy, the increase in serum pro-
lactin and placental lactogen levels parallels the increase in
B-cell mass (3). Second, prolactin receptor, the receptor for
both prolactin and placental lactogens, is present on pancre-
atic B-cells (4), and its expression increases during pregnancy
(5). Furthermore, in vitro exposure of isolated islets to pro-
lactin/placental lactogen showed that these hormones can
increase insulin secretion and B-cell proliferation and lowers

ISSN Print 0013-7227  ISSN Online 1945-7170

Printed in USA.

Copyright © 2011 by The Endocrine Society

doi: 10.1210/en.2010-1250 Received November 3, 2010. Accepted December 9, 2010.
First Published Online January 14, 2011
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the prolactin receptor (Prlr*/~) have impaired glucose tolerance
during pregnancy but normal glucose homeostasis during the
nonpregnant state. In addition, the pregnant Prlr*/~

lower serum insulin levels in comparison with the Prlr

mice have
** mice,
which correlated with a reduced B-cell mass and a decreased
B-cell proliferation rate in the pregnant Prlr*'~ mice. These re-
sults suggest that during pregnancy, the action of pregnancy
hormones is essential for maintaining adequate insulin re-
sponses by enhancing B-cell proliferation, thereby increasing
B-cell mass.

Abbreviations: CDK, Cyclin-dependent kinase; CIP, cyclin inhibitory protein; IR, insulin
receptor; IRS, IR substrate; PI3K, phosphoinositol-3-kinase.
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'?/ “We conclude that during pregnancy, placental
« hormones act through the prolactin receptor to
4 increase beta cell mass by up regulating beta cell
proliferation by engaging Jak2, Akt, menin/p18,
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Beta Cells Proliferate During Pregnancy and Stay Elevated Thereafter

TABLE I1
The endocrine pancreas in non-pregnant and pregnant
women
Endocrine tissue B cells
(per cent) (per cent)
Non-pregnant women
1 1-6 75
2 1-5 68
3 20 78
4 1-4 69
5 1-3 74
| Mean + SD 1:56 + 0-27 72-8 + 4-2|
Pregnant women
1 3-2 81
2 3-1 83
3 2-9 79
4 346 84
5 3:-7 83
| Mean + SD 3-:3+0-3 82-0 + 1-8§|
P <{-001 <0 002

Assche and Aerts.

British Journal of Obstetrics and Gynaecology. 1978
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Butler et al. Diabetologia. 2010
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Lactation Duration Showed a Strong, Graded Inverse Association with Diabetes Incidence

50+

40-

Diabetes Incidence Rate per
1000 Person-years

104
g-j

[l Non-GDM births
[] GDM births

|
ﬁl

Mone (0)

>0tob
Months

>6bto <12
Maonths

Lactation Duration

=12 All
Months

Among young white and black women in this observational 30-year study™*, increasing lactation duration was associated
with a strong, graded 25% to 47% relative reduction in the incidence of diabetes even after accounting for prepregnancy
biochemical measures, clinical and demographic risk factors, gestational diabetes, lifestyle behaviors, and weight gain.

biOmea We Aim to Cure

O *Gunderson et al. JAMA Intern Med. 2018;178(3):328-337
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Beta Cells Proliferate in Obesity

Pancreatic 3-Cell Proliferation in Obesity'>

p=0.05 p=0.01

Amelia K. Linnemann,” Mieke Baan,’* and Dawn Belt Davis™**
*Division of Endocrinology, Department of Medicine, and *School of Veterinary Medicine, University of Wisconsin-Madison, Madison, Wi; and
*William S. Middleton Memorial Veterans Hospital, Madison, Wisconsin

Introduction
The rates of obesity worldwide continue to climb because of

numerous social, environm and perhaps even genetic fac
tors. In the United States, 6 of adults are obese (1). Ale==
with obesity has come increasine prevalence of tv=""

metabolic demand is dependent on numerous factors, in
cluding proper sensing of nutrient and hormonal signals,
adeauate insulin synthesis and secretion, and the overall
“€unctional B-cells. Although all of these factors

T weview will facuc an the reoulation af

diagnosed or undiag/
that secondary factf
for diabetes to devel
sity is associated will
of the pathophysiolg
hyperglycemia ther@
sulin to meet this inf
to the pancreatic 84
to circulating nutri@
Pancreatic B-celll
small clusters of &
the total pancreati@
ple cell types, incl
gon-producing a-§
types producing s
ghrelin. The amol

278

£
i e R T 1ess than =1.196"(3). More than 25y ago, 4 Study of autopsy

Notably, however, only”

“In nondiabetic obesity, an expansion in beta
cell mass occurs to provide sufficient insulin
and to prevent hyperglycemia. This expansion is

at least in part due to beta cell proliferation.
Linnmann et al. American Society for Nutrition. Adv. Nutr. 5:
278-288, 2014

specimens revealed 2 key points about B-cell mass in hu
mans (4). First, B-cell mass is increased in nondiabetic obe
sity, and second, there is decreased B-cell mass in both lean
and obese patients diagnosed with type 2 diabetes (Fig. 1).

A L
) blomea We Aim to Cure
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Insulin Positive Beta-Cell Volume (ml)
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Beta Cell Mass and Volume Expands with Obesity

M A BMI<25 | [ Bwiz6—40
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Saisho Y et al, Diabetes care, August 2012
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Beta Cells Replicate

Local factors Circulating factors
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Dr. Kim, S.K. et al., Science. 2007 Nov 2. doi: 10.1126/science.1146812.; Linnmann et al. American Society for Nutrition. Adv. Nutr. 5: 278-288, 2014, F. A. Van Assche et al.
British Jornal of Obstetrics and Gynaecology, 1978 November; Hughs et al. Endocrinology, March 2011, 152(3):847—-855
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Beta Cell Proliferation
- Validation from Preclinical Results of BMF-219



Backgrounder — Beta Cell Proliferation

BMF-219 increases B-islets in pancreas sections of ZDF diabetic model
as presented during EASD 2022

A. Vehicle; Day 31 B. Pioglitazone; Day 17 D. BMF-219; Day 31

it

‘t‘

A) Vehicle-treated animal, Day 31. Beta islets display low congregation and growth, while
alpha cells dominate. B) Pioglitzaone-treated animal, Day 17. Beta islets display
congregation and growth. C) BMF-219 treated animal, Day 17. In contrast to the
pioglitazone-treated animal shown in Panel B, note that BMF-219 treatment results in high
congregation and growth of the beta islets. D) BMF-219 treated animal, Day 31. Beta islets

display high congregation and continue to increase and mature. Red is insulin-beta islets,
brown is glucagon-alpha cells.

biomea We Aim to Cure™
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Human Donor Islets (Ex-Vivo) Statistically Significant Increase Beta Cells with BMF-219
as presented during EASD 2022

Solvent BMF-219 BMF-219
(Conc. 1) (Conc. 2)
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