Novel Therapeutic Approaches Using Adoptive
Regulatory T cell for Alzheimer’s disease
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Background
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Disease Associated Microglia (DAM)

« Alzheimer’s disease-associated phagocytic cells conserved in mice and human
« Activated sequentially by Trem2-independent and-dependent pathways
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Regulatory T cells (Tregs)

* Treg cells suppress the activation, proliferation,
differentiation, and effector functions of many cell
types including CD4 and CD8 T cells, B cells, natural
killer cells, and dendritic cells, thus maintaining

peripheral tolerance (preventing autoimmunity) and

limiting chronic inflammatory diseases (immune

homeostasis)
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CD4* cell development
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AUTOIMMUNITY ALLERGY

Q& IgG2a |'gﬂi\ IgG1, IgE é}

Arthritis Research & Therapy

Regulatory T cells mediate inflammatory and immune reactions. CD4-CD25~ Treg can suppress
CD4+CD25" T cell responses to antigens through a contact-dependent, antigen-nonspecific
mechanism involving TGF-f. Treg suppress CD4-CD25- responder T cell proliferation and cytokine
production, reining in Th1 and/or Th2 immunity. Without adequate intercession by Treg, Thi1- or
Th2-dominated responses may become pathogenic.

Wahl and Chen Arthritis Res Ther 2005 7:62 doi:10.1186/ar1504
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Proposed Treg suppressive mechanisms
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Treg as a drug

Allergic diseases
(+¥ IgE/ IL=4/1L=13/ eosinophilia)

GvHD*™* Parasite infection®*='

(prevention/therapy) (maintenance of parasite persistence)
(¥+ proliferation/44 |L=10) \ / (v IFN-/proliferation/4+ IL-10)
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arthritis*—** * regulatory T cell (v¥ IFN=y/virus-
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[ Clinical and Experimental Pharmacology and Physiology, 2006; 33, 519-524 ]
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Treg Clinical trials

Tite
Multiple Donor Treg DLI for Severe Refractory Chronic GVHD

Safety and Efficacy Study of Regulatory T Cells in Treating

I Crghir's D

A Phasa 1/2 Trial of Donor Requlatory T-cells for Steroid-
Refractory Chronic Graft-versus-Host-Disease

Ampiifying Grafi-Versus-Tumor Effect by Donor Requlatory T-

In-vivo Regulatory T Cell Enhancement With

{Azacitidine) for Steroid refractory Acute Graft-versus host
Diseasa

versus-host-Disease

Treg Adoptive Therapy for Subclinical Inflammation in Kidney
Tiansplantation

Inhibitor {CNI) Reduction

ion of aGWHD After UCB

Adoptive TReg Cell for

470 additional studies not shown

Status

Recniting
Unknown status

Net yet recruiting

Recruiting

Complated

Completed

Recniting
Unknown status

Reciiting

Suspended

ClinicalTrials.gov Search Results 07/19/2019

Study Resuits
Mo Results Available

No Results Available

Mo Results Available

No Results Available

No Results Available

Mo Results Available

Mo Results Available
No Results Available

Mo Results Available

No Results Available

Conditions

+Chronic Graft Versus Host Disease
+Autoimmune Diseases

+Crohn Disease

+Graft vs Host Disease

+Hematologic Neoplasms
+Relapse

+Graft Versus Host Disease

+Chronic Graft vs Host Disease
+Lata Complication From Kidney Transplant

+Liver Transplant Recipient

+Living Donor (of the Respective Liver
Transplant Recipient)

+Acute Lymphoblastic Leukemia
+Burkitt Lymphoma

*Natural Killer Cell Malignancies
+Chronic Myelogenous Leukemia
+Myealodysplastic Syndromes
+Largs-cell Lymphoma

«Chrenic Lymphocytic Leukemia
+Small Lymphocytic Lymphoma
-Marginal Zone B-Cell Lymphoma
«Follicular Lymphoma

-and 8 mare

Interventions

~Biological: T reg DLI
~Biological: Regulatory T calls

-Drug: TROD4 (Treg immunotherapy)
-Other: Placebo

~Biological: Donar regulatory T call adoptive
immunotherapy in chronic graft varsus host
disease

+Procedure: donor lymphocyte infusion

-Drug: Cyclophospahmide and Sirolimus

+Drug: Low dose IL-2, Cyclophosphamide
and Sirolimus

+Drug: Low dose IL-2, low dose Vidaza,
cyclophosphamide & Sirolimus

-Biologicak: Regulatory T-cell enriched
infusion

~Biological: Treg infusion

~Biological: darTrags
+Drug: Acetaminophen

+Drug: Diphenhydramine

+Drug: Immunosuppression (1) Withdrawal
+Procedure: Study Mandated Procedures
~Biological: Infusion of Treg

Locations

~University Hospital St. Orsola-Malpighi Polyclinic, Bolagna, B0,
Italy

«Instituto Portugues de Oncologia, Lisboa, Porugal

+Hospital de Santa Maria. Faculdade de Medicina da
Universidade de Lisboa, Instituto de Medicina Molecular,
Lisboa, Portugal

- Instituto Portugues de Oncologia, Porto, Portugal
*Hopital Henri Mondor, Creteil, France

= John Theurer Cancer Center at Hackensack University Medical
Center, Hackensack, New Jersey. United States

+Hospital Universitario Virgen del Roclo, Sevilla, Seville, Spain

=University of Califonia. San Francisco. San Francisco.
California, United States

=University of California at San Francisco, San Francisco,
California, United States

+Northwestem University Comprehensiva Transplant Cir,
Chicago. lllingis, United States

~Maya Clinic in Rochester, Rochester, Minnesota, United States

~Masoric Cancer Center at University of Minnesota, Minneapolis,

Minnesaota, United States

20213 108 & Xl interventional trial & A 2447
Alzheimer's disease & Trial2 17d(VT301) Phase 1

V.5, National Library of Medicine
ClinicalTrials.gov

Trial record 3 of 308 for:  Treg | Interventional Studies | Phase 1

Previous Study |

Retum to List

Nist Stu

T1DM Immunotherapy Using CO4+CD12710/-CD25+ Polyclonal Tregs (Treg)

The safety and scientffic validity of this study is the.
responsibility of the study sponsor and
nvestigators. Listing a study does not mean it has.
been evaluated by the U.S. Federal Govemment.
Read our disclaimer for details.

Sponsor:
University of Califomia, San Francisco
Collaborators:
Juvenlie Diabetes Research Foundation
National Institute of Allergy and Infectious Diseases (NIAID)

Information providsd by [Responslble Party):
University of Califomia, San Francisco

Study Details Tabular View Study Results
Study Type | Interventlonal
Study Deslgn  Inervention Mode: Single Group Assignment;
Condifion  Type 1 Diabetes Mellfus
Intervention
Enrollment | 16

Participant Flow

Disclaimer

Find Sfudies +
About Studles ~
Submit Studies =
Resources v
About Sie

ClinicalTriats.gov Identifier: NCTO1210564

L&I Updaba Postad /.

CJduly 11, 2018
CJuly 11, 2018

How to Read a Study Record

Masking: Mone (Open Label); Primary Purpose: Treatment

Blological: Ex vivo Expanded Human Autologous Poiycional Regulatory T Calls

Goto '_|

Recruitment Details
Pre-assignment Details
AmiGroup Tile  Polycional Regulatory T Polyclonal Regulatory T Polycional Reg T Polyclonal Reguiatory T
Cells, 0.05 x10°E Celis  Cells, 04 x10°E Cells = Cells, 32x10°B Cells ~ Cells, 28 x10°8 Celis
¥ AmiGroup Cohort 1: Patients with ~ Cohort 2: Patients with |~ Cohort - Patients with — Cohort 4: Patients with
Description  Type 1 Diabetes Type 1 Dishetes Type 1 Diabetes Type 1 Disbetes
Mellitus will have their ~ Mellitus will have their ~ Mellitus will have ther ~ Mellitus will have their
reguiatory T cels quistory T calls gulatory T cels Teslls
(Tregs)soistedby  (Tregs)islated by (Tregs)isolatedby (Tregs) isolated by
s and and and and
receive 0.05 x10%8 receive 04 x10°3 cells | receive 32 x10"B cells | receive 26 x10"8 cells
cells of Ex vivo of Ex vivo of Ex wivo of Ex wit
Expanded Human Human Hurran Human
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www.impactjournals.com/oncotarget/ Oncotarget, Vol. 7, No. 43

Research Paper: Immunology

Neuroprotective effects of CD4*CD25*Foxp3* regulatory T cells
in a 3xTg-AD Alzheimer’s disease model

Hyunjung Baek!, Minsook Ye!, Geun-Hyung Kang'!, Chanju Lee', Gihyun Lee!, Da
Bin Choi!, Jaehoon Jung!, Hyunseong Kim?, Seonhwa Lee?, Jin Su Kim3, Hyun-ju
Lee*, Insop Shim*, Jun-Ho Lee®’ and Hyunsu Bae!'

doi:10.1093/brain/awv408 BRAIN 2016: 139; 1237-1251 | 1237

A JOURNAL OF NEUROLOGY

Regulatory T cells delay disease progression in
Alzheimer-like pathology
Cira Dansokho,"?*" Dylla Ait Ahmed,">" Saba Aid,>*"" Cécile Toly-Ndour,"*"

Thomas Chaigneau,"2 Vanessa Calle,"2 Nicolas Cagnard," Martin Holzenberger,
Eliane Piaggio,s'6 Pierre Aucouturier'? and Guillaume Dorothée'"?

2,3
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« Gut microbiota-activated TH17 cells, characterized by IL-17A, IL-17F, and IL-22 secretion, are
responsible for high affinity IgA secretion, memory CD4+ T cell differentiation.

 Bacterial metabolites and products have recently been shown to worsen AD.

« In AD patients, bacteria-derived amyloids (curli, tau, AB, a-syn, and prion) can function as
initiators to cross-seed and aggregate plaques and tangles

Zhu et al. Journal of Neuroinflammation (20204 17:25

Extrinsic factors: Intrinsic factors: Cerebral Vascular Diseases: hitpsy/doi.org/10.1186/512974-020-1705 2 Journal of Neuroinflammation
Dietary habit Genetic Atherosclerosis
Lifestyle Metabolite 2 .
infection immunity Multiple sclerosis :
Neonatal exposure  Hormone Ischemic and hemorrhagtc stroke

Arteriovenous malformation The progress of gut microbiome research @

related to brain disorders

/ Neurotransmitters
Metaboll!es
/

Neuronal-glial-epithelial axis
Visceral nerve
HPA axis

Neuropsychiatric dysfunction:
Pain and migraine
Anxiety and depression > Gut. 2020 Feb;69(2):283-294. doi: 10.1136/gutjnl-2018-317431. Epub 2019 Aug 30.

Autism spectrum disorder . . .
3 Transfer of a healthy microbiota reduces amyloid and
Neurodegenerative diseases: tau pathology in an Alzheimer's disease animal

| s Y

{ A zhglme( disease model

Parkinson's disease

AmYOITOPhIC lateral sclerosis Min-Soo Kim ¥ 1 2 Yoonhee Kim * 2, Hyunjung Choi * 4, Woojin Kim 3, Sumyung Park ?,
Dongjoon Lee 3, Dong Kyu Kim 3, Haeng Jun Kim *, Hayoung Choi 3, Dong-Wook Hyun ',
June-Young Lee ', Eun Young Choi ®, Dong-Sup Lee 2, Jlin-Woo Bae 8, Inhee Mook-Jung 7 4

Brain-gut Axis
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The story about bee venom
Phospholipase A2
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Neuro-protective effects of bee venom by suppression of neuroinflammatory
responses in a mouse model of Parkinson’s disease: Role of regulatory T cells

ab.«

Eun Sook Chung?, Himchan Kim?, Gihyun Lee ", Soojin Park **, Hyunseong Kim **, Hyunsu Bae

Parkinson’s disease

EUROPEAN JOURNAL OF INFLAMMATION Vol. 11, mo. 1, 0-0 (2013)

BEE VENOM ATTENUATES EXPERIMENTAL AUTOIMMUNE ENCEPHALOMYELITIS
THROUGH DIRECT EFFETS ON CD4°CD25Foxp3® T CELLS

G.LEE!, H. LEE!, S. PARK!, H. JANG? and H. BAE!

Department of Physiology, College of Korean Medicine, Kyung Hee University; *Department of East-
West Medicine, The School of East-West Medical Science, Kyung Hee University, Republic of Korea

Received February 7, 2012 — Accepted January 29, 2013
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Bee Venom-Associated Th1/Th2 Immunoglobulin
Class Switching Results in Immune Tolerance of
NZB/W F1 Murine Lupus Nephritis

Hyojung Lee® Eui-joon Lee® Hyunseong Kim® Gihyun Lee® Eun-Jin Um?
Youngchul Kim? Boo-Yong Lee® Hyunsu Bae®

Lupus
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Bee venom ameliorates ovalbumin induced allergic asthma via modulating
CD4*CD25" regulatory T cells in mice

Myoung Suk Choi®!, Soojin Park®!, Taewon Choi”, Gihyun Lee, Kyoung-Keun Haam ",
Moo-Chang Hong®, Byung-Il Min?, Hyunsu Bae "*

Asthma
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bvPLA2-binding on CD206* DCs is critical for Treg

differentiation
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Mode of Action of bvPLA2

PLA22]| Treg MIZ E2} S| S & M ZEI=2 18

[ Journal of Immunology, 2015; doi:10.4049/jimmunol.1500386 ]

SEPLA27L Treg MIZ 2215 RSt O 7|HS s 18

bvPLA2

Induce

Suppress

X|of, otZ1&=M B8/ Multiple sclerosis/Athritis/Asthma

*  bvPLA2 binding on CD206 of Dendritic cells results in PGE2 secretion

*  EP2 receptor signal in naive T cells induces Treg which inhibit inflammatory diseases
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Neuroprotective effects of bee venom
phospholipase A2 in the 3xTg AD mouse
model of Alzheimer’s disease

Mirsack Ye', Hwan-Suck Chung®, Chanju Lee', Moon Sik Yoan', A Ram Y1, Jin Su Kim®, Deok-Sang Hwang®,

Journal of Neuroinflammation (2016) 13:10
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Phospholipase A2 inhibits cisplatin-induced acute
kidney injury by modulating regulatory T cells by the
CD206 mannose receptor

Hyunseong Kim', Hyojung Lee', Gihyun Lee', Hyunil Jang', Sung-Su Kim?, Heera Yoon',
Geun-Hyung Kang', Deok-Sang Hwang?®, Sun Kwang Kim', Hwan-Suck Chung® and Hyunsu Bae'
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Korean Medicine Hospital, Gangnam-gu, Seoul, Republic of Korea; *Department of Obstetrics and Gynecology, College of Korean
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Bee venom phospholipase A2 ameliorates motor
dysfunction and modulates microglia activation in
Parkinson’s disease alpha-synuclein transgenic mice

Minsook Ye!, Hwan-Suck Chung?, Chanju Lee', Joo Hyun Song!, Insop Shim?, Youn-Sub Kim*
and Hyunsu Bae'

«a-Synuclein (a-Syn) has a critical role in ogli diated i which leads to the development of Parkinson's
disease (PD). Recent studies have shown that bee venom (BV) has beneficial effects on PD symptoms in human patients or
1-methyl-4-phenyl-1,2,3,6 (MPTP) to; duced PD mice. This study investigated whether treatment with
BV-derived phospholipase A2 (bvPLA2) would improve the motor dysfunction and pathological features of PD in human A53T
«-Syn mutant transgenic (AS3T Tg) mice. The motor dysfunction of AS3T Tg mice was assessed using the pole test. The levels
of a-Syn, microglia and the M1/M2 phenotype in the spinal cord were evaluated by immunofiuorescence. bvPLA2 treatment

motor in A53T Tg mice. In addition, bvPLA2 significantly reduced the expression of a-Syn,

the activation and numbers of microglia, and the ratio of M1/M2 in A53T Tg mice. These results suggest that bvPLA2 could be
a promising treatment option for PD.
Experimental & Molecular Medicine (2016) 48, e244; doi:10.1038/emm.2016.49; published online 8 July 2016
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Bee venom phospholipase A2 suppresses allergic airway
inflammation in an ovalbumin-induced asthma model
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Conclusion |

 Bee venom PLA2 is a novel Treg inducer

* bvPLA2 can be used for ex vivo Treg expansion

Kyung Hee University



Adoptive Treg cell therapy

* Treg therapy is a promising therapeutic strategy for the treatment of patients
with severe chronic inflammatory and autoimmune diseases

* Treg cells are isolated from a patient, enriched, expanded ex vivo, and
reinfused

* Trials using polyclonal Tregs to induce tolerance after solid organ
transplantation are currently ongoing for liver and kidney transplantation

Treg therapy and follow-up

Adult T1D /
~ patient
|

Q9
Treg 9 9 9
/ - 9 L
/ | isolation o 14 days o 9 o
9 Q9
CD4*'CD25*CD127% Treg expansion Expanded Tregs
Tregs Anti-CD3, anti-CD28 microbeads Treg analysis
e * Phenotype
* TCRg repertoire

* FoxP3 methylation
* Suppressive assays
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https://www.cell.com/cell-metabolism/abstract/S1550-4131(16)30002-X

nTreg therapy: polyclonal or specific

* Clinical trials using human polyclonal nTregs; graft versus host disease (GVHD)
following kidney transplantation, T1D, lupus, and liver disease

* Limitations
- tumor occurrence/recurrence; correlation between
Tregs and tumor survival
- possibility of expanded Tregs reverting to Tconv cells
- not homogenous population; may introduce unwanted
variability and a lack of efficacy to their therapeutic
potential

—>antigen-specific Tregs of a defined homogenous population

Kyung Hee University



Antigen-specific Treg therapy
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https://www.ucl.ac.uk/immunity-transplantation/research/immunotherapy-of-cancer/hans-stauss

Therapeutic Treg for Alzheimer’s disease

* Restoring or expanding amyloid beta-specific Treg cells by bvPLA2 treatment might
be beneficial for the treatment of Alzheimer’s disease

; investigate whether adoptive transfer of the AB-specific Treg

populations would improve the cognitive function and AB

pathology in 3xTg AD mice
; investigate the effects of bvPLA2, novel Treg inducer, for the AB-specific

Treg expansion

Kyung Hee University



Experimental schedule

Active AR Antigen-specific

Tregs
immunization S bVPLAz— T 9
—_ 2 {) - | —
Splenocytes ~—
In vitro stimulation &
expansion of Tregs
DEREG mice

Treg;
v' PBS (poly-Treq)
v AP

v" bvPLA2 (PLA2)
v AP+bvPLA2 (Ag-Treg)

DEREG mice: depletion of regulatory T cell C57BL6-Tg(Foxp3-DTR/EGFP) mice

—

Adoptive transfer of
Ag-Tregs from
DEREG mice

3xTg-AD mice
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Distinction of Manufactured Ag-Treg
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Amyloid beta deposition

(kDa)
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Treg adoptive transfer

;Dose response study

Experimental groups
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Amyloid beta & p-Tau deposition
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Does disease stage matter?

Experimental groups

* WT (BGlZQSFZ/J) Adoptive transfer of
Ag-Tregs from
DEREG mice
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Does disease stage matter?
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Does Treg migrate to the Brain?

Ag-Tregs from
Thy1.1 mice

3xTg-AD mice
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Microglia depletion do not affect the anti-AD effects
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Suppressive Effects of mouse Tregs on the ApB-treated
primary microglia
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Effects of human Tregs on 3xTg-AD mouse

with intrathecal (i.t.) injection

Experimental Schedule
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human Tregs
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In vitro stawulation &
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Human Ag-Treg improved the spatial learning and memory of 3xTg-AD

mice using the Passive Avoidance and Y-maze test.
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Human Ag-Treg modulated disease associated microglia (DAM) mRNA expression.
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Human Ag-Treg suppressed microglia activation on 3xTg-AD mouse DG region.
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Human Ag-Treg Distribution and Duration
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Conclusion Il

* Single administration of Treg adoptive transfer significantly
ameliorates AD pathology in 3xTg mice

 Amyloid beta conditioned (specific) Tregs are more effective on AD
progression than polyclonal Treg.

* Treg directly modulate microglia activation status

 Human Treg adoptive transfer (I.T.) significantly alleviates AD-like
progression in 3xTg mice

* These findings pave the way for the clinical application of Tregs as
cell therapy for treating AD
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