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Main symploms of
Diabetes

What is Type 1 diabetes?

 Blood sugar regulation lost

e Loss of insulin production and Hyperglyceamia
* Insulin producing beta cells destroyed

e Immune attack - autoimmune disease

e Controlled with exogenous insulin

e Diabetic complications are a major issue
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Some environmental risk factors for T1D act at the intestinal level:

Development of clinical diabetes and preclinical models of T1D
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Autoimmune diabetes and the “leaky” gut

Enteric infections (enterovirus, rotavirus)
Dietary antigens (cow’s milk, gluten)
Modification of gut microbiota (diet composition,

antibiotics)

preceded by:

Increased intestinal permeability

Enteropathy
Lymphocyte infiltration

Presence of inflammatory cytokines in intestinal mucosa
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The beneficial effect of combination immunotherapy using IL2 and IL22
to induce immunoregulation from the gut.

Interleukin-2

e An essential molecule for immune homeostasis to sustain self-
tolerance and prevent autoimmunity §
o CDA4+ Foxp3+ Tregs expansion and function

. T S =—> Expansion/effector

\ Tewt activity
N =—> Memory
« |L-2 pathway is a genetically validated key pathway with o peneren
potential therapeutic applications in T1D. REGULATION EFFECTOR FUNCIES
* Binds to Tregs with greater sensitivity due to higher expression
of the IL-2 receptor.
 Clinical trials using low or ultra-low dose of Aldesleukin DIFFERENTIATION
(Proleukin®) induces Tregs in adults and children in a dose- ,1“;1 Lz - o l
dependent manner without adverse events. > , Py
 DILT1D; DILfrequency (Waldron-Lynch et al, BMJ Open e/ @ L
2014; Seelig et al, JCl Insight 2018) TFOXPS TR PUM___ILGR

o |TAD (Currently recruiting) _
) Hulme et al, Diabetes 2012
« PROREG (Currently suspended due to Covid-19)
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Interleukin-22

T I Tascu alitivaciciiiat uciciive HniLte>LIIa Upllllcllal Lewn
e Part of the IL-10 fam||y Cytokines * Retarded differentiation and cornification * Increased antibacterial defence
* Induced production of granulocyte- * Elevated mucus production
attracting chemokines * Enhanced protection of mucus-
o Predominantly secreted by T cell ¢ Elevated migration and tissue remodelling producing cells and stem cells
* Enhanced STAT3 and IL-20 expression against damage
subsets and ILC3s

tissue damage (Feng et al 2012) * Raised production of against damage

granulocyte-attracting * Elevated liver progenitor
chemokines cell proliferation

. . . . Respiratory epithelial cells Hepatocytes
* Main effects on tissue Eplthellal and * Increased antibacterial defence * Increased acute-phase
stroma cells to prevent cell death and * Elevated mucus production protein production
* Enhanced proliferation — @ =) | * Increased protection

* Induce host defense mechanisms
against pathogens (Zheng et al 2008)

’ Synovial fibroblasts Pancreatic cells
. Facltates wound healing n diabeti \K s N e
mice (Avita bile et al 2015; Kolumam et monocyte-attracting chemokines * Enhanced islet cell proliferation
al 2017)
* Promote barrier integrity and tissue
homeostasis Sabat, Ouyang & Wolk, Nat Rev Drug Disc 2014
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Hypothesis .

1. IL-2 promotes self-tolerance to prevent autoimmunity by promoting cell survival,
expansion and function of regulatory Tregs (immune regulation).

2. IL-22 reduces stress and inflammation at epithelial sites (barrier integrity &
homeostasis).

THEN

Combination of IL-2 and IL-22 at low doses maybe a potentially safe and effective
therapeutic approach for the prevention of T1D
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Experimental design (Y NOD Mice)

~Cohort2

..~ -Endpoint- - - -

.10 weeks-old " | [.-- 11 weeks-old " 6-7 weeks - ~18 weeks-old "
:-A:-']?W‘??":faf N OUEOUEEOE - £/ RO OO
Acclimatise and- .- P T A T NN T SO D N SRR N S N
“randomise mice. | | 1-P- Injections.3:times a week With: i

What kind of IgG and why 1gG??
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Combination with low-dose IL2/IL22 preserve insulin producing
beta cells and halts the mononuclear infiltration in pancreatic islets

y N . Diabetic
Insulitis scoring B
3%
i C
5127 - 196 - L2 hid
S —— |L22 - IL-22+IL-2c
€ 10- 100
3 3 Grade0
§ g 80 3 Grade 1 (<25%)
S S . = Grade 2 (25-50%)
o 6 2 D= Grade 3 (50-75%)
o = -
9 7 404 R Grade 4 (>75%)
m c e
4'I I I 1 -
0 2 4 6 20
Week on injections
0 1 1 1 1
RG aﬁl« e q¢
All treatments resulted in better control of blood o\&" VYR
o

glucose compared to 1gG control in NOD mice.

Stats: mean = SEM; Two-way ANOVA with Bonferroni’s correction
n=7-11pergroup  *vsIL-22; #vs IL-2c; vs IL-22+IL-2c
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IL2/IL22 induce immunoregulatory changes in Small Intestine
(SI) and in the Pancreatic Lymph Nodes (PLN)
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Stats: mean = SEM; Unpaired student’s t test

# CD4'Foxp3*ICOS™ cells

SILP

1%105
8x104- [ #
6x104- o v
% v
4x104- A
A
2x104- % - iL
[ Y v
A
0 f A| T
<] V < (<
& VX x\\,‘»
q,"l'
Y

IL-22+1L-2c significantly increased Foxp3+ Tregs

*vs IgG; $1L-22 vs IL-22+IL-2c; #IL-2c¢ vs IL-22+IL-2c
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Numbers in FACS plots indicate means for each group
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IL-22+1L-2c significantly reduced
frequency of
autoreactive IGRP+CD8+ T cells
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IL-22+IL-2¢ induce gut homeostasis in Intestinal Epithelial
Cells (IECs)
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SAA 1/2 are stress response genes and Regllly is an antimicrobial peptide.

Endotoxemia upregulates mRNA expression and stimulates SAA production in the mucosa of S| (De Beer et al
1994; Wang et al 1998).

IL-22+IL-2c treatment reduced stress and induced antimicrobial peptides in the mucosa = possibly less
endotoxemia.

Stats: mean = SEM; Unpaired student’s t test
*vs 1gG; $IL-22 vs IL-22+IL-2c; #IL-2c¢ vs IL-22+IL-2c
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112/1L22 Treatment increased plasma and gut production of
anti-inflammatory microbial SCFAs
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Low-dose 1L2/1L22 significantly change bacterial composition and
function (pathways features)

B. Significant associations(-log(qval)*sign(coeff)

Clostridia vadinBB60 group -

A. Bacteria Taxa
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Low-dose of IL2/IL22 significantly change

feature metabolites
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PLSDA plot inferred based on the
metabolic profiles
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Most significant metabolites and their impact in health

Allyl-Cysteine

L-Proline

Normalized Conc.
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Low-dose of IL2/IL22 significantly change feature proteins

60-

30-

X-variate 2: 12% expl. var

-30-

Distribution of proteome and significantly associated proteins with &
treatment groups. A) PLSDA plot inferred based on the proteome B) Heatmap N
of the Top50 proteins Significantly associated proteins
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IL2C

IL22+IL2C

e

IL22

0

X-variate 1: 26% expl.

1gG

Proteome

B

2' 3'-cyclic-nucleotide 2'-phosphodiesterase/5'- or 3'-nucleotidase, 5'-nucleotidase family =

Significant associations(-log(qval)*sign(coeff)

3-hydroxyacyl-CoA dehydrogenase =
ABC-type Fe3+/spermidine/putrescine transport systems, ATPase components =
ABC-type glycerol-3-phosphate transport system, periplasmic component =
ABC-type sugar transport system, periplasmic component, contains N-terminal xre family HTH domain.1 =
ABC-type sugar transport system, periplasmic component, contains N-terminal xre family HTH domain.2 =
Acetyl-CoA acetyltransferase =
ADP-glucose pyrophosphorylase =
Chemotaxis signal transduction protein =
Flagellin and related hook-associated protein FIgL.1 =
Flagellin and related hook-associated protein FIgL.2 =
Flagellin and related hook-associated protein FIgL.3 =
Flagellin and related hock-assoc?ated prote?n FlgL.4 = aSSOCIatlon
Flagellin and related hook-associated protein FIgL.5 =

Flagellin and related hook-associated protein FIgL.6 =
FoF1-type ATP synthase, beta subunit = 10
Glucose-6-phosphate isomerase = =r
Glutamine synthetase type Il =
Glycosidase =
Malate/lactate dehydrogenase = 0
Ribosomal protein L22 =
Ribosomal protein L9 = -5
Ribosomal protein S10 = —
Ribosomal protein S2 =
Ribosomal protein S5 =
Translation elongation factor EF-Ts =
Translation elongation factor EF-Tu, a GTPase = =
Unknown.1 =
Unknown.2 =
Unknown.3 =
Unknown 4 =
Unknown.5 =
Unknown.6 =
Unknown.7 =
1
‘\(/)
$’
I

Unknown.8 =
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Correlation network and selected scattered plots of
biologically important features

e ASV

© Metabolome
© Pathways
® Proteome

Blue = positive correlation
Orange = negative correlation

*Check the details from
correlation_network.xlsx
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Summary

* Administering low-dose IL-2c and IL-22 or a combination of both improved blood glucose control in NOD mice

 Administering low-dose of all treatments significantly reduced the frequency of autoreactive CD8 T “killer” cells
in the pancreatic lymph nodes (the T cell activation place) vs control

* The majority of immunological changes with IL-22+IL-2c were observed in the Sl Lamina propria.
* /M Foxp3+ Tregs that are more proliferative and suppressive (I ICOS expression)
* /M number of Helios* Tregs = more stable and functional
»  expression of SAA 1/2 and 1 expression of Regllly in the IECs = |, endotoxemia?

e Changes in gut microbiota function: metabolome and proteome changes

* Changes in Taken together, these preliminary results show that IL-22+IL-2c treatment for 6 weeks in
prediabetic NOD mice
e Improved immune regulation in the SI mucosa
e Improved barrier integrity in the SI IECs
e Reduced autoreactive CD8 T cells in the PLNs
e Improved blood glucose control
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Thank you for
your attention.
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