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WELCOME

The Levkemia &
Lymphoma Society "
Fighting Blood Cancers

On behalf of The Leukemia & Lymphoma Society (LLS), thank you for joining us for Significance of the Tumor
Microenvironment in Hematological Malignancies, a continuing education activity originally presented in
Orlando, Florida.

LLS would also like to thank our esteemed speakers for sharing their time and expertise. Through this activity,
our presenters will explain the complex interactions between stromal cells and tumor cells; discuss the role of
bone marrow microenvironment in leukemia stem cell survival; describe the mechanisms by which bone marrow
stroma can confer net chemotherapy resistance in diverse hematologic malignancies; and discuss the therapeutic
potential of targeting one or more stromal components to reverse malignant cell resistance to chemotherapy
and improve clinical outcomes for hematologic malignancies.

This workbook includes the presenters' slides to help guide you through the activity. If you would like to receive
3.5 AMA PRA Category 1 Credit(s)™, please complete the online learning assessment and evaluation.

We hope that you will find this activity rewarding and informative.

Sincerely,

Louis J. DeGennaro, PhD

Executive Vice President

Chief Mission Officer

The Leukemia & Lymphoma Society
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AGENDA

Program Overview

Louis J. DeGennaro, PhD

Executive Vice President

Chief Mission Officer

The Leukemia & Lymphoma Society

The Hematopoietic Stem Cell Niche
Sean J. Morrison, PhD

Cytokines and the Microenvironment of Lymphoma
Louis M. Staudt, MD, PhD

Molecular Control of Leukemic Cell Infiltration Into the CNS
lannis Aifantis, PhD

Clinical and Translational Studies of Stroma-Leukemia Interactions
Michael P. Rettig, PhD

Cell Trafficking in Multiple Myeloma
Irene M. Ghobrial, MD

Question-and-Answer Session
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OVERVIEW

TARGET AUDIENCE

This activity is designed for hematologists, oncologists, nurses, social workers and other healthcare professionals
who wish to enhance their knowledge of advances in research and clinical practice for hematological malignancies.
The program subject matter may be of interest to those who provide specialized care in the diagnosis, treatment
and monitoring of patients with malignancies such as leukemia, lymphoma or myeloma.

ACTIVITY PURPOSE

This activity is designed to educate hematologists, oncologists, nurses, social workers and other healthcare
professionals on the evolving role of the tumor microenvironment in the pathogenesis and management of
various malignancies.

STATEMENT OF NEED

Much of the cancer research conducted over the past two decades has focused on the tumor and its various
characteristics. However, recent data suggest that the microenvironment in which a tumor originates plays a
critical role in tumor propagation as well as the development of drug resistance.! The National Cancer Institute
has launched The Tumor Microenvironment Initiative, which focuses on expanding our current understanding of
the role of the tumor microenvironment in cancer initiation, progression and metastases.? As research continues,
the potential for components of the tumor microenvironment to serve as therapeutic targets in the management
of hematologic malignancies becomes more promising.># It is critical that healthcare professionals who treat
patients with various hematologic malignancies remain abreast of key findings regarding the importance of the
tumor environment and its implications in future research, management and patient outcomes.

' Weinberg RA. Nat Genet. 2008;40:494-495.

2National Cancer Institute. http://plan2010.cancer.gov/Tumor_Microenvironment.htm. Accessed March 6, 2010.
3 Dalton W, Anderson KC. Clin Cancer Res. 2006;12:6603-6610.

4Burger JA, Peled A. Leukemia. 2009;23:43-52.

EDUCATIONAL OBJECTIVES
After completing this activity, the participant should be better able to:

* Explain the complex interactions between stromal cells and tumor cells
* Discuss the role of bone marrow microenvironment in leukemia stem cell survival

* Describe the mechanisms by which bone marrow stroma can confer net chemotherapy resistance
in diverse hematologic malignancies

* Discuss the therapeutic potential of targeting one or more stromal components to reverse malignant cell
resistance to chemotherapy and improve clinical outcomes for hematologic malignancies

STATEMENT OF SUPPORT

This activity is jointly sponsored by Robert Michael Educational Institute LLC and Postgraduate Institute for
Medicine and supported by educational grants from Millennium Pharmaceuticals, Inc., Celgene Corporation
and Allos Therapeutics.
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FACULTY BIOGRAPHIES

lannis Aifantis, PhD

Associate Professor, Department of Pathology
New York University School of Medicine
Co-Director, Cancer Stem Cell Program

New York University Cancer Institute

Early Career Investigator

Howard Hughes Medical Institute

New York, NY

Dr. Aifantis is Associate Professor of Pathology at the New York University
School of Medicine and Co-Director of the Cancer Stem Cell Program of the
New York University Cancer Institute. He is an Early Career Investigator at
the Howard Hughes Medical Institute. Dr. Aifantis received a master of
science degree in molecular biology and genetics from the University of
Crete in Iraklion, Greece, and a doctor of philosophy in immunology at the
University of Paris in Paris, France. He completed post-doctoral fellowship
training in immunology at the Dana-Farber Cancer Institute / Harvard
University, in Boston, Massachusetts. Dr. Aifantis serves on the editorial
boards of Immunology & Cell Biology and Oncogene and has published
extensively in peer-reviewed journals. He is the Principal Investigator

on several National Cancer Institute and foundation-supported projects.
His laboratory is focused on mechanisms of differentiation and
transformation of hematopoietic stem cells and progenitors.
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FACULTY BIOGRAPHIES

Irene M. Ghobrial, MD
Director of Laboratory
Dana-Farber Cancer Institute
Assistant Professor, Department of Medicine
Harvard Medical School
Boston, MA

Dr. Ghobrial is Laboratory Director at Dana-Farber Cancer Institute and
Assistant Professor in the Department of Medicine at Harvard Medical
School in Boston, Massachusetts. Dr. Ghobrial received her medical degree
from Cairo University School of Medicine in Cairo, Egypt, completed residency
training in internal medicine at Wayne State University in Detroit, Michigan,
and fellowship training in hematology/oncology at the Mayo Clinic College
of Medicine in Rochester, Minnesota. She joined Dana-Farber Cancer Institute
in the field of multiple myeloma and Waldenstrdom macroglobulinemia in
2005. She received the Clinical Investigator Award from Dana-Farber Cancer
Institute in 2006. Dr. Ghobrial is the Principal Investigator for National
Cancer Institute-funded projects as well as for foundation grants. She has
published extensively in peer-reviewed journals. Her research is focused

on cell trafficking and homing of multiple myeloma and Waldenstrém
macroglobulinemia.
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FACULTY BIOGRAPHIES

Sean J. Morrison, PhD

Director, University of Michigan Center for Stem Cell Biology

Professor, Departments of Internal Medicine and Cell and Developmental Biology
Research Professor, Life Sciences Institute

Investigator, Howard Hughes Medical Institute

University of Michigan

Ann Arbor, MI

Dr. Morrison is Director of the University of Michigan Center for Stem Cell
Biology, Professor in the departments of Internal Medicine and Cell and
Developmental Biology and Research Professor in the Life Sciences Institute
at the University of Michigan. Dr. Morrison completed his undergraduate
studies at Dalhousie University in Halifax, Canada. He received a PhD in
immunology from Stanford University in Stanford, California, and completed
a post-doctoral fellowship at the California Institute of Technology in
Pasadena, California. Dr. Morrison is the recipient of the McCulloch and

Till Award from the International Society for Hematology and Stem Cells,
the Harland Winfield Mossman Award from the American Association of
Anatomists, and a MERIT award from the National Institute on Aging. He is
a Howard Hughes Medical Institute investigator, has published extensively
in peer-reviewed journals and has received funding from the National Institutes
of Health, the Department of Defense and various private foundations.

Dr. Morrison's research is focused on the mechanisms that regulate stem
cell function in the nervous and hematopoietic systems, particularly the
mechanisms that regulate stem cell self-renewal and stem cell aging, as
well as the relationship between stem cell self-renewal and cancer cell
proliferation.
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FACULTY BIOGRAPHIES

Michael P. Rettig, PhD

Research Assistant Professor of Medicine
Section of Bone Marrow Transplant
Division of Oncology

Washington University School of Medicine
St. Louis, MO

Dr. Rettig is Research Assistant Professor of Medicine in the Section of Bone
Marrow Transplant, Division of Oncology at Washington University School of
Medicine in St. Louis, Missouri. Dr. Rettig received his doctorate of philosophy
in chemistry from Purdue University in West Lafayette, Indiana. He has served
as Principal Investigator on several foundation-supported projects and Co-
Investigator on several National Cancer Institute-supported projects. In 2005,
Dr. Rettig received the American Society of Hematology Fellow Scholar
Award. In collaboration with Dr. John DiPersio, Dr. Rettig's laboratory at the
Washington University School of Medicine studies the biology of hematopoi-
etic stem and leukemia cell mobilization.
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FACULTY BIOGRAPHIES

Louis M. Staudt, MD, PhD
Deputy Chief, Metabolism Branch
Center for Cancer Research

National Cancer Institute, National Institutes of Health
Bethesda, MD

Dr. Staudt serves as the Deputy Chief of the Metabolism Branch in the Center
for Cancer Research at the National Cancer Institute. He received his doctor
of medicine and doctor of philosophy in immunology from the University of
Pennsylvania School of Medicine in Philadelphia, Pennsylvania. Following
training in internal medicine, he completed a post-doctoral fellowship at the
Whitehead Institute for Biomedical Research in Cambridge, Massachusetts.
In 2009 he received the William Dameshek Prize for outstanding contribution
in hematology from the American Society of Hematology and in 2010 he
received an NIH Director's Award for his work with the Lymphoma/Leukemia
Molecular Profiling Project. Dr. Staudt serves on the editorial boards of
Genome Biology and Cancer Cell and is associate editor of the Journal of
Experimental Medicine. His research is focused on the study of the molecular
basis of human lymphoid malignancies.
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ACCREDITATION & CREDIT

PHYSICIAN CONTINUING EDUCATION

Accreditation Statement

This activity has been planned and implemented in accordance with the Essential Areas and policies of the
Accreditation Council for Continuing Medical Education (ACCME) through the joint sponsorship of Postgraduate
Institute for Medicine (PIM) and Robert Michael Educational Institute LLC (RMEI). PIM is accredited by the
ACCME to provide continuing medical education for physicians.

Credit Designation

Postgraduate Institute for Medicine designates this educational activity for a maximum of 3.5 AMA PRA
Category 1 Credit(s)™. Physicians should only claim credit commensurate with the extent of their participation
in the activity.

METHOD OF PARTICIPATION AND REQUEST FOR CREDIT

There are no fees for participating and receiving CME credit for this activity. During the period January, 20, 2011,
through January 20, 2012, participants must read the learning objectives and faculty disclosures and study the
educational activity.

PIM supports Green CME by offering your Request for Credit online. If you wish to receive acknowledgment

for completing this activity, please complete the post-test and evaluation on www.cmeuniversity.com. On the
navigation menu, click on "Find Post-Test/Evaluation by Course" and search by course ID 7831. Upon registering
and successfully completing the post-test with a score of 70% or better and the activity evaluation, your
certificate will be made available immediately. Processing credit requests online will reduce the amount of
paper used by nearly 100,000 sheets per year.

NURSE AND SOCIAL WORKER CONTINUING EDUCATION INFORMATION

Approval for nurses has been obtained by the National Office of The Leukemia & Lymphoma Society under
provider number CEP 5832 to award 3.5 continuing education contact hours through the California Board of
Registered Nursing.

The Leukemia & Lymphoma Society (LLS), provider number 1105, is approved as a provider for social work
continuing education by the Association of Social Work Boards (ASWB) www.aswb.org Approved Continuing
Education Program (ACE). Approval Period: 12/2008-12/2011. LLS maintains responsibility for the program.
Social workers should contact their regulatory board to determine course approval. Social workers will receive
3.5 CE clinical clock hours.

Upon completion of this program and submission of the CE activity evaluation, a certificate of completion will
be issued to you via email or US mail within 30 days.

FEE INFORMATION
There is no fee for this educational activity.
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DISCLOSURES & DISCLAIMER

DISCLOSURE OF CONFLICTS OF INTEREST

Postgraduate Institute for Medicine (PIM) assesses conflict of interest with its instructors, planners, managers and other
individuals who are in a position to control the content of continuing medical education (CME) activities. All relevant
conflicts of interest that are identified are thoroughly vetted by PIM for fair balance, scientific objectivity of studies utilized
in this activity and patient care recommendations. PIM is committed to providing its learners with high-quality CME
activities and related materials that promote improvements or quality in healthcare and not a specific proprietary business
interest of a commercial interest.

The faculty reported the following financial relationships or relationships to products or devices they or their spouse/life
partner have with commercial interests related to the content of this CME activity:
* lannis Aifantis, PhD, has no affiliations with commercial interests to disclose.

* Irene M. Ghobrial, MD, has affiliations with Millennium Pharmaceuticals, Inc., Celgene, Novartis and Genzyme
(Advisory Board).

* Sean J. Morrison, PhD, has affiliations with Hospira (Consulting) Merck/Schering-Plough (Speakers’ Bureau) and
OncoMed (Stockholder).

* Michael P. Rettig, PhD, has an affiliation with Genzyme (Honoraria).
* Louis M. Staudt, MD, PhD, has no affiliations with commercial interests to disclose.

The planners and managers reported the following financial relationships or relationships to products or devices they or
their spouse/life partner have with commercial interests related to the content of this CME activity:

THE LEUKEMIA & LYMPHOMA SOCIETY
* Louis J. DeGennaro, PhD, has no affiliations with commercial interests to disclose.

ROBERT MICHAEL EDUCATIONAL INSTITUTE LLC
* Sherri Kramer, MD, has no affiliations with commercial interests to disclose.
* Laura Altobelli, MS, has no affiliations with commercial interests to disclose.
* Nora Duffy has no affiliations with commercial interests to disclose.

POSTGRADUATE INSTITUTE FOR MEDICINE
« Jan Hixon, RN, BSN, MA, has no affiliations with commercial interests to disclose.
* Trace Hutchison, PharmD, has no affiliations with commercial interests to disclose.
« Julia Kimball, RN, BSN, has no affiliations with commercial interests to disclose.
e Samantha Mattiucci, PharmD, has no affiliations with commercial interests to disclose.
* Jan Schultz, RN, MSN, CCMEP, has no affiliations with commercial interests to disclose.
* Patricia Staples, MSN, NP-C, CCRN, has no affiliations with commercial interests to disclose.

DISCLOSURE OF UNLABELED USE

This educational activity may contain discussion of published and/or investigational uses of agents that are not indicated
by the FDA. Postgraduate Institute for Medicine (PIM), Robert Michael Educational Institute LLC (RMEI), Millennium
Pharmaceuticals, Inc., Celgene Corporation and Allos Therapeutics do not recommend the use of any agent outside of the
labeled indications.

The opinions expressed in the educational activity are those of the faculty and do not necessarily represent the views
of PIM, RMEI, Millennium Pharmaceuticals, Inc., Celgene Corporation or Allos Therapeutics. Please refer to the official
prescribing information for each product for discussion of approved indications, contraindications, and warnings.

DISCLAIMER

Participants have an implied responsibility to use the newly acquired information to enhance patient outcomes and their
own professional development. The information presented in this activity is not meant to serve as a guideline for patient
management. Any procedures, medications, or other courses of diagnosis or treatment discussed or suggested in this activity
should not be used by clinicians without evaluation of their patient's conditions and possible contraindications on dangers in
use, review of any applicable manufacturer's product information and comparison with recommendations of other authorities.
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PRESENTATIONS

3 The Levkemia &
Lymphoma Society

TUMOR
MICROENVIRONMENT

The Hematopoietic Stem Cell Niche n

Nlclle
l NJ:r\e [ \Nlche

UNIVERSITY OF MICHIGAN

(sum:eu]) CENTER FOR
e stem cell biology

L

o

lifesclencasinstitute

Disclosure of Conflicts of Interest

Sean J. Morrison, PhD

Dr. Morrison has affiliations with Hospira
(Consulting), Merck/Schering-Plough (Speaker s
Bureau) and OncoMed (Stockholder).
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The nature of the hematopoietic n
stem cell niche remains uncertain

«» Data are not consistent with the N-cadherin-mediated
osteoblastic niche model

+ It remains possible that osteoblasts directly or indirectly
regulate HSC maintenance through other mechanisms

+ Data suggest the possibility of a perivascular niche in
bone marrow but the precise identity of cells that secrete
factors that regulate HSC maintenance remains uncertain

+ Many niche models remain consistent with existing data

CD150*CD48CD41- cells in bone marrow n
and spleen are highly purified HSCs

1. 45% of single CD150*CD48-CD41-
bone marrow cells give long-term
multilineage reconstitution

2. 33% of single CD150*CD48 CD41-
cytokine mobilized spleen cells
gave long-term multilineage
reconstitution

3. Possible to localize HSCs in tissue
sections using a 2-color stain

Kiel et al. Cell 121:1109, 2005

CD4§

HSCs in bone marrow are usually adjacent to n
sinusoids

+ 0.0067% of cells were
CD150+CD48CD41-Lineage-

+ 57% in the trabecular zone
+ 14% at endosteal surface

+ 60% adjacent to sinusoids

+ 95% near sinusoids

Kiel et al. Cell 121:1108, 2005

Significance of the Tumor Microenvironment in Hematological Malignancies
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HSCs in mobilized spleen
were usually associated
with sinusoids

» 0.006% of cells were CD150+
CD48-CD41-Lineage

*62% adjacent to sinusoidal
endothelium

* 38% were not

Kiel et al. Cell 121:1109, 2005

HSC localization using validated n
markers suggests that most HSCs are
perivascular

+ These data contrast with the model that most HSCs
reside on the surface of osteoblasts

+ Are HSCs regulated by osteoblasts by direct or
indirect interactions?

+ We re-examined the evidence for a direct interaction

between HSCs and osteoblasts ( Q

DoHSCsadhereto [ |ob | n
osteoblasts via N-cadherin 1 y ¥

homotypic interactions?

4 Nature Reviews lmmunalegy 653, 2006

| Significance of the Tumor Microenvironment in Hematological Malignancies



PRESENTATIONS

We could not detect N-Cadherin expression in
highly purified HSCs by quantitative PCR

I I

;;-f___ At

“dFlurescancs)idT

N-Cad

HPRT

CO150+CO48-CD41- okt Sca-1+
Ladder ckitSca-1+ingage-  Ineage-Fic-

Fosinatal
Forebrain

Ve Bore
Marow Cells

Kiel et al. Cell Stem Cell 1:204 |

We are not able to
detect any staining of
highly purified HSCs
with any anti-N-
cadherin antibody

MNeonatal Forebrain cells

Also unable to detect N-
cadherin in HSCs by
western blot, microarray, or
analysis of gene trap mice

Kiel et al. Cell Stem Cell 1:204

See also:

Bone Marrow HSCs

Morita et al. JEM 207:1173
Li and Zon Cell Stem Cell 6:19
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Conditional deletion of N-cadherinin
vivo does not affect hematopoiesis

N-cadherin
deletion was
complete

No effect on blood
cell counts, bone
marrow cellularity,
compasition, or
CFUs, even 5
months later

Kiel et al. Cell Stem
Call 4:170
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Deletion of N-cadherin
does not impair HSC
reconstituting capacity in
primary or secondary
recipients

N-cadherin was
conditionally deleted
before transplantation
into irradiated mice

Kiel et al. Cell Stem Cell
4:170, 2008

What cells express tfig™
factors that regulate
HSC maintenance?

Perivascular cells, including megakaryocytes, are n
the major sources of Ang-1 in the bone marrow

« We have not been
able to detect Ang-1
in osteoblasts or at
the endosteum (*)
= Ang-1 must be
conditionally
deleted from
different cell types
in the bone marrow
to test whether it
regulates HSC

g LE0E maintenance
SeARD1-CDAY Unpublished data, Ding and Morrison
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Scfis expressed mainly by n
vascular/perivascular cells throughout bone
marrow

Unpublished data,
Ding and Morrison

the bone marrow

Scfis expressed primarily by n
vascular/perivascular cells in the bone marrow

Unpublished data, Ding and Morrison

Scfis primarily expressed by vascular/perivascular cells in

Ungrublisbes data, Disg and Worison

Control

Scf-gfp

Significance of the Tumor Microenvironment in Hematological Malignancies
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No detectable Scf expression by osteoblasts in bone marrow n

Unpublishod data, Ding and Morrison

SCF-GFP/Osteopontin

Cxcl12 (Sdf-1) is expressed primarily by m
vascular/perivascular cells in the bone marrow

Contral Sdf-1-DsRedE? (low mag)  Sdf-1-DsRedE2 (high mag)

Unpublished data, Ding and Morrison

What can we conclude about HSC niches? n

» HSCs are not maintained by N-cadherin-mediated
adhesion to osteoblasts

« Osteoblasts do not appear to be the major source
of all factors required for HSC maintenance

« HSCs and the cells that produce Ang-1, SCF, and
Cxcl12 in the bone marrow are primarily perivascular
«» No single cell type appears to produce all factors
that regulate HSC maintenance

» What cells promote HSC maintenance in vivo?

| Significance of the Tumor Microenvironment in Hematological Malignancies
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CXCL12-expressing perivascular cells are required m
for HSC maintenance (Nagasawa and colleagues)
Sugiyama et al.
Immunity 25:977,
2006
A B s = Cc Z Omatsu of al.
- _ = Immunity 33:387,
& X o 2010
A = ]
ol o x o
WT DTR WT DTR WT DTR
Perivascular Nestin+ mesenchymal stem cells in m

the bone marrow are required to maintain HSCs
(Frenette and colleagues)

. —
. & 20
3%
= X 1.5
Bz
é 31.0
o
=505
& [ Distarce fom Troostes region Hor-ardoed oo
Nes-GFP celis | (512 ool harmeters *12 oot o
ool churauars] | o bor wartacel | chamams e Bt

) T2 @0 S04z W)
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Are the Nestin+ MSCs the same cells that secrete Cxcl12?

S Mendez-Ferrer ef al. Nature 466:829, 2010

Endothelial cells are essential for the recovery of m
HSCs after sublethal irradiation (Rafii and
colleagues)
T e A E  wsropulstion F cruchssay
- L Day 14 Day 14
i = ] I
E E z e I
= - ER N 2w
" bt S e I ??" Qs,,
Nl B K
Butler ef al. Cell Stem Cell 6:251, 2010 éi’ -
¥R T o i ¢ el Amti-
VEGFR2 VEGFR:
Hooper et al. Cell Stem Cell 4:263, 2009
Butier, JM of al. Coll Stem Coll 2010, B:251-64
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Osteoblasts are likely to regulate HSC E
localization/maintenance, though this may or may
not involve cell-cell contact (Scadden and
colleagues)
Ca-sensing receptor is required in HSCs for
engraftment in bone marrow
]

CaR™

IR
II I L il’,- 3 I | ./- \\\
i1 | ENOI e

CDas2

2
5]

g 2

-
=

.
=

Todal numbes of CFU-Cs (107 ®
"
3

CD451

Adams of al Nature 439599, 2006

What cells secrete the factors that promote HSC maintenance? m
Conditional deletion of Scf from HSCs and endothelial cells using
Tie2-Cre leads to HSC depletion

After conditional deletion After transplantation
H5C% CD4S chimara

e 100

20a % Toale

o —AD 0

s L]

on

o

o e . —
noe

. i TR e 8 G 4R i e

EM Spleen

Endothelial cells are likely to promote HSC maintenance by secreting SCF into a
perivascular niche

Unpublished data, Ding and Morrisan

The precise nature of the HSC niche remains uncertain but it
involves direct or indirect regulation by multiple vascular,
perivascular, and endosteal cell types

L4 -

Kiel et al. Nature Reviews
Immunoclogy 8:280, 2008
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N-cadherin Published data from other labs
Melih Acar David Scadden
Glenn Radice  Shahin Rafii

Paul Frenette

Takashi Nagasawa

Thank You

Cytokines and the
Microenvironment of Lymphoma
Louis M. Staudt, MD, PhD

Disclosure of Conflicts of Interest

Dr. Louis M. Staudt has no affiliations with
commercial interests to disclose.
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Digsecting Cancer into Molecularly and Clinically Distinct Subgroups
by Gene Exprassion Profiling
-

S

Diffuse large B cell lymphoma

~40%% of Mon-Hodgkin lymphomas

~23,000 new diagnoses/yr

~50% cure rate

~10,000 deaths/yr

Dissecting Cancer into Molecularly and Clinically Distinct Subgroups
by Gene Expression Profiling
»

Difkuse Large B Cell
Lymphwama A

Genes
Lymphoma Biopsios
Supervised Discovery of Genes that Influence H

Clinical Outcome in Cancer

Increasing
Survival

Gene A
& Tumor Biopsies =
Low [ M i gh
Relative Gene Expression
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Gene Expression Signatures That Predict Survival for
DLBCL Treated With R-CHOP

ABC GCB -

Represeniative
sl&%lum genes

Germinal |

center
B cell
signature

Stromal-1
signature

il

Stromal-2
signature

HOHIE

prim——
A-CHOP-treated DLBCL biopsy samples (ne233)

Creation of a Survival Model for DLBCL Treated With R-CHOP
Using Gene Expression Signatures

Signatura
averages

R-CHOP-treated DUBCL bopsy samgples (n=233)

The Gene Expression-Based Survival Predictor Score Predicts E
Progression Free Survival in DLBCL Treated with R-CHOP

S-year
Gene expression-basad overall

survival model ecore survival
""l Il Cuatile 1 B4%
‘”‘i W cuantile 2 5%
Praobabdity

il B Quanie 3 1%
o0z

| 10 M cuartis 4 3%
dp) PEEROXTD P

? ngregsm; frea ;um.laj'[y!s; 3

FPationt Blopsy Samples
] ==

Quartile 1 Quartie 2 Quartie3d Cuatled

Survival Predictor Scor

Significance of the Tumor Microenvironment in Hematological Malignancies EEE



PRESENTATIONS

What is the Biological Basis for the Prognostic Signatures in Diffuse
Large B Cell Lymphoma?

CD19+ i
: Affymetrix
Maé'g";m Microarray
DLBCL
Biopsy FACS cD1e
of Affymetrix
Nn"’g‘g”m —  Microarray

Survival Predictor Signatures Are Derived From Malignant and
Non-malignant Cells in DLBCL Biopsies

&

i 2
=E i3
Stromal-2 Ghina
s signature &&
Relative mANA expression
Stromal-1 ey Ton (CO18- 1 CO19+)
]

signature | B

025 1x A

Garminal i
sous %em - (o]
At signature Ll

The Stromal-1 Signature Encodes Extracellular Matrix Components
and Macrophage/myeloid-restricted Proteins

com lomy
o LFies
fFEMer L
]
Fan s
o e
Swromal-1 FEGFC
s A
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- ot Te
F-CHOP-ieaied DLBCL biopsy samples (n=233) \n-f, o S

I Macrophage |/ mysoid lineage
I Extracefular matrix
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The Stromal-1 Signature ldentifies DLBCL Tumors Enriched in
Myeloid-derived Cells But Not T Cells

[, 01211 signature
O <y 5 gnature
| RN RN - ce signature

F-CHOP iroated DLBCL biopay samples [r=233)

The Stromal-1 Signature Expression in Non-malignant n
Tumor-infiltrating cells in Diffuse Large B Cell Lymphoma

The Stromal-1 Signature Gene SPARC is Expressed in m
Tumor-infiltrating Macrophages in Diffuse Large B Cell Lymphoma

SPARC

o

o T

; o o
Il sPARC
CD&8
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Stromal-1 Signature Genes Encode Components of the m
Extracellular Matrix in Diffuse Large B Cell Lymphoma

CTGF Protein is Localized to Tumor Infiltrating Macrophages m
in Diffuse Large B Cell Lymphomas

CTGF IHC CDES IF CTGF IF
L :
Ty

Connective Tissue Growth Factor m

1. CTGF (aka CCN2) is a member of the CCN family of secreted
proteins that also includes CYR61 and NOV.

2. CTGF binds heparin, fibronectin and integrins o4f1 and a5p1,
== may bridge matrix components and cell surface receptors.

3. CTGF is pro-fibrotic and has been implicated in pathogenic
fibrosis of the skin, lung and kidney.

4. CTGF is present in metastatic lesions in breast cancer and
anti-CTGF antibodies block pancreatic cancer metastasis.

5. CTGF may control the production of extracellular matrix in
DLECLs with high stromal-1 signature expression.
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The Stromal-2 Signature Encodes Regulators and Components of m
Endothelial Cells and Adipocytes
KDAR
el
Bt
PECAWY
Stromal-2 |8 PTPRE
signature [
S
e
e
Il Enciothelial call biclogy
Adipocyte-restricted
The Stromal Score Correlates with Tumor Blood Vessel Density
in DLBCL Treated With R-CHOP
/ i ,L",
= s - sty 2
- . R = -
',/ - ’ I 3 uM?) )
Low High 46 43 40 a3 40 28
Blood vessel density (CO34+ obyects / uM?) Stromal score
High Microvessel Density and Inferior Overall Survival m
In Diffuse Large B Cell Lymphoma

Y LowmvD

—_ LowMVD

;- S— High MVD
i Fiigh MVD [g

LLMPP GELCAB

Low MVD
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A Stromal Cell Dependence Model of Diffuse Large B Cell Lymphoma m

Extracellular
matrix CTGF
deposition

Thrombospondin-2 Adhesicn

A Stromal Cell Dependence Model of Diffuse Large B Cell Lymphoma m

Mobilization of bone marrow-
derived precursor cells

kit CXCR4+
Extracelular  nraF ligand ——l- cndothelial
o oy o
Aot ) S o L
E]r--;”%jMip‘ Lﬂ ek i " ’_*
+ Wi o8 . =
o B, U aET
i LT
Angiogenic switch
Survival-associated Signatures: n
Implications for Therapy of DLBCL

. Clinical trials in DLBCL need to assess these signatures to
enable the comparison of patient cohorts in different trials.

2. Anti-angiogenic therapy may be selectively active in cases
with high expression of the strcmal-2 signatures.

3. The stromal-2 signature chemokine SDF-1 is pro-angiogenic -
blocking its receptor CXCR4 should be considered.

4. Targeting innate immune cells (macrophages) may eliminate
trophic signals in cases with high stromal-1 expression.

5. CTGF inhibitors may block trophic signals from the fibrotic
microenvironment of DLBCLs with high stromal-1 expression.
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Genetic Aberrations in the Malignant
Lymphoma Cell that May Influence the
Immune Response

Primary Mediastinal B Cell Lymphoma H

Molecular Similarities between PMBL and Hodgkin's Lymphoma m
Primary Mediastinal B Cell Lymphoma Hodgkin's Lymphoma
(PMBL)

— Over one third of PMBL signature genes also expressed in HL
— Genomic locus on chromosome band 9p24 amplified in 30-50%
of PMBL and HL cases
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| The 9p24 Amplicon in PMBL and HL Contains Many Genes That Are
| Overexpressed in Association With their Amplification
_  EEREEE
PMBL ——u 1
petent
ﬂfnwg}! ——
—— =
SMBL ml—ll“l T :
L ————
7""‘5":1"5-::{_:__;_2_""96"32'“5”2;»
T —
gt & [ H 5 T
'm.? o '
PD-L1 o
PD-L2w -
m% IIM'
mug‘g i i
Regulation of Lymphocyte Activation by PD-L1 and PD-L2 H

1. PD-L1 and PD-L2 are B7 family members that bind the
immunoinhibitory receptor PD-1.

2. PD-1 knockout animals have defects in peripheral T cell
tolerance, leading to severe autoimmunity.

3. PD-L1 and PD-LZ inhibit T cell signaling through the TCR
and can block tumer immunity due to T cell "exhaustion”

/ POLT —.@1{_
| Tceli

X [PD L2

Thymic B Cells: the Putative Origin for Hodgkin's Lymphoma
and Primary Mediastinal B Cell Lymphoma
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Molecular Diagnosis of Primary Mediastinal B Cell Lymphoma m
By Gene Expression Profiling

PMBL '
Erobability ™= =
DLBCL
Probability

E: ive Gene Expression Overlap Bet Hodgkin Lymphoma and
Primary Mediastinal Large B Cell Lymphoma

PD-L2 is highly expressed in both amplified and m
non-amplified PMBL patient samples

ABC GCB Un-

PMBL  DLBGL DLBCL _ class.

Relative

PDL2
mANA 2

expression 1 o 200
flog2) | A Il

-

9p24 gain/amplification [l
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Selective Expression of PD-L1/PD-L2 in Hodgkin's Lymphoma
and Primary Mediastinal B Cell Lymphoma
PD-L2 PD-L1
U2940 U240
(PMBL) (PMBL)
Selective Expression of PD-L1/PD-L2 in Hodgkin’s Lymphoma
and Primary Mediastinal B Cell Lymphoma
PD-L2 PD-L1

.

L I

DLEC

II' TZVH | [y UPNY | [ REC 1
MCL E f._r'_ i

Does Overexpression

Block T cell Activation?

of PD-L2 in PMBL
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Blockade of T Cell Activation by PMBL cells m

Ant-CO3/CD2E no Ab
no PMEL i 12 14 (T/PMBL]  no pMBL 1:0 (T/PMBL)

AT A =

| Cr )

CD2-PE

3

CD6Y high 2 Jurkat T cells
TCD6Y low 3 anti-CD3/CD28
4h

8]

(T cell / PMBL)

Blockade of T Cell Activation by PMBL Cells Depends m
on PD-L1/PD-L2 Interaction with PD-1

Blocking PD-1/ PD-L interaction
4 -

I |

2
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CD69 low

0.5

n.
[ ]
Anti-CD3/CD28 = * # + ++
PMBL Ceils + b i '
Inhibitor - - Ctrl CTLa4 PD1 PD-L2
lg Fe -Fo -Fe

Overexpressed in Association With their Amplification
[chripza ]

The 9p24 Amplican in PMBL and HL Contains Many Genes That Are m
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JAK2 and JMJD2C Cooperate to Block Heterochromatin
and Promote PD-L1 / PD-L2 EXpression

JAK2 Phosphorylation of Histones Regulates Expression
of PD-L2 and PD-L1
i PD-L2
-y " = = w__ = = Treatment
Histone * DMSO
.:';—'h;:;:; " 1PTTTEWE T Y |
(coverage JAK2
dapth) i inhibitor
oLl Lk TN
= PD-L1
w v T w — e~ Treatment
Histone " DMSO
H3Y41
ChiP-seq J_‘_ihjﬂ—i'__.l._.
|coverage JAK2
dapth) . inhibitor
2 N;‘ni(tJ.l’m\T Cell_in presy

Opportunistic Choice of Chromosomal Loci m
by Cancer Amplicons

Tumor Cell] _JAK2 9p24 | IMID2C [Tymor Cell
Survival amplicon Proliferation

+
PD-L2/PD-L1
4

Evasion of Tumor
Immune Surveilance
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Oncogenic Mutations that Influence
Lymphoma Cytokine Secretion

Secretion of IL-6 and IL-10 by ABC DLBCL Cell Lines

20
15

G " IL-6

Seyg:‘::;ligﬁ 1m0 LB .

(relative IL-10

uriits)

54—
o lom .:I_n.:l.:-.El.El.u.ﬂ.l!l.n

Medium
OCI-Ly3 |f
SUDHL2
HBL1
OCI-Ly10
u2a32
HS445
HS802

NUDHL1
OCl-Ly19
OCI-Ly7
OCHLy2
SUDHL10
SUDHL4

ABC DLECL GCB DLECL
cell lines cell lines

Definition of a STAT3-high Subgroup of ABC DLBCLs

sTm ETATS e
pl o Frobassy
y -

=l H STATS L& IL0
e 1o MANA MANA mRNA

w
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STATY
Signanre
[
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Clece ousc,
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73
Some ABC DLBCL Tumors Express STAT3 mRNA and .
Phospho-STAT3 Pratein

phospho-STATS + phaspho-STAT2 =
L

Multiple Immunosuppressive Roles of IL-10

WL, Mtsbira, Tedder, Ao, MY Aad S0, 1183020100 1857

Control of T Helper Cell Differentiation by IL-6
11.1\ — IFNy}

IL-6 72 2%, . — IL-21f
W

itz and Bincrm Clmbcal brmsssskigy (3009)136, 3713
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“Achilles Heel”
RNA Interference Screens
to Identify
New Molecular Targets
in Cancer

77
“RNA interference is a normal .

cellular mechanism that can
inactivate genes with great precision.

“Libraries of interfering RNAs can be
used to experimentally inactivate
thousands of genes.

+RNA interference-based genetic
screens can be conducted to identify
genes required for the proliferation
and survival of cancer cells.

“+Such genes may represent new
therapeutic targets in cancer.

MYD88 and IRAK1 shRNAs Are Selectively Toxic
for ABC DLBCL

SWMYD885 ShMYDBS-E ShIRAKI-S shAPS13

nes
e o
- Oty |
£ i
-%1 o |
vt i l6cB DLBCL
i Hrr
degletion | Do
- .::n’unm7|
"
(shiARiA
miechiced ay 0/ :m‘.;.m| Burkitr's
induced cay 211 "™ 1 I '=:\:4::u len‘ima
o i {mress | Mante cail
] - | ymphoma
o ! I |miam
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MYDB88 Signaling Downstream of Toll-like Receptors

§
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MYD88 and IRAK1 shRNAs Are Selectively Toxic m
for ABC DLBCL

shMYDBB _ shiRAK1
-

[ 2 [ . n % % a4 8 8 W ©
YDA incuession fdays) PEAKY 3 mduetion (duye)
k- OGHLY3 | —&-BUAB GCH
+-OCHLYID. ~#-0C3y18, DLBCL
TRl S
* cuokis i
MUY
Recurrent Mutations in the MYD88 TIR Domain in Lymphomas u

T i
ST T T BRI A

| Deathdomain ______|
=EEemm
SV 10 O 0 L

TIR domain
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Recurrent Mutations in the MYD88 TIR Domain in Lymphomas m

E25
R

-
L

Location of MYD88 Mutants Within The TIR m
Domain

s
<| S222R

Preferential Mutation of MYD88 in ABC DLBCL m
w
MYDBE
% mutation
rutant & B oesP
S a0k ] ather
P"ABC ~GCB PMBL Burati MALT
DLBCL DLBCL (n=25) (n=58} {n=58)
(n=174) (n=568)

Significance of the Tumor Microenvironment in Hematological Malignancies EE



PRESENTATIONS

Addiction of ABC DLBCL Cells to MYD88 L265P m
OCHya
(ABCDLBCL) . -
> ® : s _ . ‘ Manitor % GFPs
2 — e—- — —_— shRNA-expressing
MYDEE L2 MYDRE Iduce |- = - o= | cellsover bra
WT  selection shANA Mvoes ' Q
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coxding regian
Addiction of ABC DLBCL Cells to MYD88 L265P m
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MYD8&8 Signaling Engages Multiple Downstream Pathways
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MYD&8 Signaling Activates the NF-xB Pathway
in ABC DLBCL
NF-x8 .| .
lucierase | |
1| |
T Beaw™ ™
MYD88 L265P Induces IL-6 and IL-10 Signaling m
Through STAT3
| . - | ABCDLBCL: _ MELY m:a_? x
g by i! s‘! i} f
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MYD88 Signaling Activates the Interferon Pathway m
in ABC DLBCL
QOLYS.
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L Interferon
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MYDB88 L265P Associates with Phosphorylated IRAK1 n
and IRAK4

input anti-GFP IP

MYDSG-GFP(?_& 5‘3._3’.?

WE:

p-IRAK1

ik IRAK

IRAKS

MYD88-
GFP

MYD88

MYD88 L265P Associates with Phosphorylated IRAK1 ﬂ
and IRAK4

input anti-GFP IP
i Ptase: -

'““""?:;ﬁiis ﬁg ﬁgﬁ

anu
IRAK1

<—p-IRAK1
< IRAK1

WE:
anti

MYDES _

MYD88 L265P Associates with Phosphorylated IRAK1 m
and IRAK4

anti-GFF IP

s s s $FSF 8
WB:
anti-
IRAK1

< p-IRAK1
< IRAK1

‘WB:
anti- < MYD88-
MYD88 GFP
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Knockdown of IRAK4 is Selectively Toxic for m
ABC DLBCL Cells
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An IRAK1/4 Kinase Inhibitor is Selectively Toxic for H
ABC DLBCL Cells
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MYD88 Pathway Signaling 97
in the Pathogenesis of ABC DLBCL

&

“RANAi identifies MYDB88, IRAK1 and IRAK4
as essential for ABC DLBCL survival

“*Mutations in the MYD&8 TIR domain are the most
common genetic abnommality in ABC DLECL

“The MYDES L265P mutation coardinates a signaling
complex involving IRAK4 and phosphorylated IRAK1

“+MYDBS L265P signaling engages the NF-kB,
JAK/STATS and interferon signaling pathways

<+An IRAK4 kinase inhibitor is selectively toxic for
ABC DLBCLs, cpening up new therapeutic avenues

< The immunomodulatory potential of MYDB88-dependent
cytoking production by lymphomas should be studied

lannis Aifantis, Ph.D.
NYU School of Medicine
Howard Hughes Medical institute

Molecular Control of Leukemic
Cell Infiltration into the CNS
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Dr. lannis Aifantis has no affiliations with
commercial interests to disclose.

Asmalilied view ol hematopoiesis.....
[
; o —

-..however, Nolch gain-of-function leads to T cell acute lymphoblastic leukemia m

Accumulation of blasts in the bane
Marrow and peripheral blood.

Massive expansion of lymph nodes
and spleen

Infiltration of central nernvous systam

T-ALL specifically afflicts children,

Motch1 s mutated in =50% of patients

Motch pathway components (Fbw?)
Are also mutated

Motch pathway sclivalion is the main
Oncogenic trigger in T-ALL

Vikraas of &l Nafurg Modicine 2007 Buonanscl of &l Niture 2009; Espinoga ef al. Cancer Cell 2010
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(part 1): Why is Notch a blood oncogene?

Notch1 activation targets the NF-KBE pathway m
2 ;
CCRY

] (] ]
fod induction (gRT-PCR)

lin- N1-IC

Vilimas el al. Nature Medicine 2007

Rapid in vive induction of tha NF-kB pathway in an animal model of T-ALL m

ICHIGFP [y ICHI-GRP orr
[NFuB-ERdue) (NFB-ERdue )
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The | NF-KE signaling p ¥

i (0 o

CYLO: A DUB that negatively regulates IKK activation

What is the mechanism of Notch-induced NF-kB activation?

“Active” Notch1 can induce the activalion of the IKK complex

- kinase

== KR kinase assay
o

K 0.8
D T p———

0.6

- . o

e ————— 3l 1

o 15 75 0 25 100 o

0 255075 0 25 100

———
zLLNLA LY411575 ZLLNLA Ya1s7s

The Nolch targel Hes1 is sufficient to induce NF-KB activily

Lk THFe

enaus esl
B
Bk e ]
8
o

Has 1 anhances NF-kB-dependant achivity by inducing kBa degradation
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Hes1 facilitates kBa fation by regulating directly IKKb activity m

Hes? funclions upsiresm of TAKT

gath g of IKK function, is suppressed in T-ALL m

I Jllldllll.hmﬂllllil n.,u‘t

The jon of CYLD, a

Espinosa-Cathalin et al. Cancer Cell 2010

Promoter methylation is not the mechanism of CYLD expression suppression m

aeassbbbanaibe wa

peankiids

Didsemsbaraadiaitransbinniniane 0!

C¥LD and A20 sxon saquencing raveaked na mitations i T-ALL
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Noich signaling suppresses CYLD, though direct binding of Hes1
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CYLD deletion enhances NF-kB aclivity in a mouse model of T-ALL m

c 7
AENA-GFRIWT]  AEMA.GFP [CylD KOy 5‘i= 2
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]

Is IKK/NF-KB targeting a putative T-ALL therapy?

ccvecrenianeeoi{lS KK signaling for T-ALL mai ce?)
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IKK/NEMO activity silencing is able 1o induce rapid T-ALL cell line death m

—| = | -
- I - t—

IKK/NEMO signeling is essential lor the mainienance of T-ALL m

Espinosa-Cathefin & al, Cancer Cell 2010

NEMO/IKK silencing is inducing rapid T-ALL cell apoplosis in vive ‘l ‘|7

(EMI-GFPWT]  AENI-GFP MO CKO|
i
@ - ™

lola! 18

L/ﬁ\ WL

"\,.‘.-‘.,...v

|

AENVAs Magsis  AEME-Res Sbbeme CHO

Can we use inhibition of KK signaling as a TALL therapoutic?
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Motch-IC expressing transplanted cells efficiently infiltrate the CNS

Efficient CNS infiltration in a novel mouse model of T-ALL m

e wr
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Are there specific. Notch-responsive adhesion regulators m

That are important for CNS infiltration in T-ALL?

Vitimas of al. Nature Madicing 2007
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‘What will happen if we switch-oft CCRT expression in leukemic cells?

CCRY7 deletion slows down leukemia progression

Deletion of CCR? suppresses T-ALL CNS infiltration m

IR Tl el
S

Iruge from Aen Brain At

Buwonamici et al. Nature, 2009
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CCR7 deficiency does not affect overall T cell migration/movement m

CCRTwtiwt CCR7-/-

Mo diffarances: Vialocity, Turning Angle, Arest Coafficiant, Confinment mdex. Mean Displacemant

A very specific effect: Leukemia cells just cannot get in the CNS m

Is there a brain-specilic CCRT chemokine ligand?

CCL19 (and not CCL21) is expressed in the brain m
TN -G wrwN-IC
AT -G I -MJWTN"'lc

wrmr-Ie

wanN1 * _

What wil happen if we take out CCL 19 from the brain endothelium?
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CCL19 deletion inhibits T-ALL brain infiltration .
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Is CCR7 important for the CNS infiltration of human T-ALL cells? m
- »80% of human T-ALL blood samples contain CD3+CCRT" cells
o L ew E oo =
I\ - iw
¥
- - L e VL '
e ouon om . -ou;u‘ = (_m -
CCR7 expression influgnces human T-ALL cell CNS infiltration ability m

DNDMI (CCRT mgd  CEM (0CRT high)

CEM (DORT kigh)
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Spinal Cord Infiltration is Also Dependent on CCR7 Expression

CORT= (CEM) CCR7o= (DND41)

ing of human T-ALL cells fo the CNS?

Is CCRT expressi iciant for targ

CCRY7 ectopic expression is targeting T-ALL cells lo the CNS m

UNUANCOR™ DROSLECRT =)
=

DMDAI/CERT™ _ DN CEIT=

Silancing of CCRT expression in human T-ALL leads to decrease of CNS infilration patential

“Contra™ SHANA
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Down to a gene: Specific Notch targets are important for disease progression:

CCRY7 s a Notch targel essential for CHS infiltration

The NF-kB signaling is essential for T-ALL survival (and migration)

CCR7/CCL19 ions could be an iver iherapeulic target

Integnns activated by GCRT/CCL19 cou'd be also aftractive targets

The IKK complex is another attractive drug target

Buonarmici et al. Nature, 2009; Espinosa et al. Cancer CELL, 2010
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Clinical and Translational Studies of m
Stroma-Leukemia Interactions

Michael P. Rettig, PhD
Research Assistant Professor of Medicine
Division of Oncology
Washington University School of Medicine

Presenting for:

John F. DiPersio MD, PhD
Division of Oncology
Siteman Cancer Center
Washington University School of Medicine
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Stem Cell Mobilization: AMD3100 + G-CSF m

(c== o (immamm)

Plerixafor

- Small molecule
CXCR4
antagonist

Pute |, DiParsia JF Cinr Pharm Dos 2008 14 1950-1961
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NHL Patients (%)* Achieving 2 5 x 10° CD34+ m
Cells’/kg by Apheresis Day — ITT Population
% HR = 3.64, 95% C1 (239, 5.45), P<001

H poi o Plosiafor
g 5

i) |

=8= Placebo

Rupinn-Mekr Estimae
Parencs Reaching =3

et o-arar: N - i s rpons.
s 38 Kaplan- Mswes et
Ditersio JF, et al. J Cfn Onced. 2009, 2747674773,

Overall Survival of Patients Receiving
Plerixafor-Mobilized Allografts (n = 38)
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T

T T T T ]
B S0 1000 1500 00 2S00

Days afier wransplant

Davine 5M, 1 al, Rlooc. 2008,112:990-998.

AMD-ALLO: GVHD (n = 38) m

Cumulative incidence of Acute GVHD Cumulative Indidence of Chronic GVHD

Cumulative incidence

0 25 80 75 100 0 500 1000 1600 2000
Days after transplant Days aher ransplant

Devine 5M, et al. Giood!. 2008,112:950-998.
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Heat Map of 18 gene signature m
Red=A/G>2; Green A/G<0.5

2 S0, et al. Eloog. 2008,112:990.598

Co-expression of CD45RA on CD34 " cells identifies the m
CD34%m subset

AMD3100 G-CSF

Dyaor DIT Do DD o 513 815 [hoaoe

LIMSRA
s
RA+34+
RA-34
L
w Devire SN, ot ol Alsad. 000313 930-99,
Normal Bone Marrow Microenvironment m

E-selec -‘rn
| inhibitors

BmJJ’ 92
'9@ . (_l.‘ r O I

X)‘U(XXXXXX

Oratet

Ctdes

Pusic UnPemu JF Curr Phanm Des. 2008 14 1950-1851
Cashen e G005 £
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Kinetics of Murine Progenitor Mobilization in
Response to BIO5192 and Plerixafor

Time after injection (h)

= BIO5192 1 mg/kg IV n=10
-=- plerixaficr 5 malkg se n=10

Ramirez F, ot al. Pood. 2009;114:1340-1343

Additive Mobilization of Murine Progenitors After
Combination of Plerixaflor SC and BIO5192 IV

CFUMmL blood (x10%)

1] 1 2 3 4 5 6 7
Time after injection (h)

-= pleriafor Smghkgsc  n=10  17-fold
== BI05192 1 mglkg IV n=10  15-fold
= pleriafior + BIO5182  n=10  57-fold

v, o AL Blood, 20031 4 4340 1343

Hypothesis of chemosensitization

* The interaction of leukemia cells with the BM
stroma may provide a survival benefit to
leukemia cells

The interruption of this interaction may

enhance the sensitivity to genotoxic stress

such as chemotherapy or radiation therapy:

— Others have shown modest benefit using G-CSF
or GM-CSF to enhance the sensitivity of leukemia
cells to chemotherapy
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High-penetrance mouse model of acute promyelocytic leukemia
with very low levels of PML-RAR« expression

Peter Weslervel, Andrew A Lane, Jossca L Poliock, Krsbe Olfather, Matthew £ Holt, Drazen B Zimongs.
Necholas C. Popescu, John F. DPersio, and Tenothy J. Ley

+ To develop a Kl mouse for APL, the human PML-
RAR transgene was targeted to a single allele of the
murine cathepsin G locus in ES cells.

+90-100% penetrance.
+ Death from leukemia at 150-400 days.

+ Adoptive transfer of APL splenocytes into genetically
compatible mice results in a rapidly fatal leukemia.

z -
APL 3
T, = jauamia

. S

z7z|

APL Ventral ]
ENGRAFTMENT v ) A
8y é . fl v
J.'F L ;. L1

5 A 1
Dorsal | 197 S R

e

day '4: T 11 14
Effect of direct contact between APL and stromal m

cells on APL viability

_ — | | — i
Stroma - * - * 5 -
Ara-C 40 ngimL - - + + - -
DNR 40 ng/mL - - - - + .

DiPgruia JF, unpubliched data
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Effect of stroma on APL proliferation
and spontaneous apoptosis

Stroma bound APL APL no stroma

22 -\—_\ - apoplosis
. ~ CFSE intensity

-
'

H 5
E 50 E 504
& 1 | 25
;. ;c E ;z ; ;_ ) 72
Incubation (h) Incubation (h)
DiPerslo I, wpubiialed dots
Reduced Proliferation of APL Cells in the E

Presence of M2-10B4 Stromal Cells

=stroma

pareit

GiPersic . unpublished data.

T-AAD

Effect of stroma on mTOR pathway
phosphorylation

Stroma+ Stroma- Stroma+ Stroma-
- pSe

A Total S6

Rapamycin
e ——
— — p4E-BP1

DFerun IF, unpubliched data
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Increased sirolimus-induced APL m
apoptosis in presence of stromal cells
H siroma +
2? MR stroma-
'3
£
»
g
<
noR 0.20M 4nM 5nM 10nM 20nM  control
AMD3100 Mobilization of mAPL E

WT mice mAML

%
* i

%

i N Y T

bler T, 8 al ool 209,113 020643 14, wilh permcsmon.

Mobilization of leukemia cells increases the m
efficacy of anti-leukemic chemotherapy

Day 12 Day 13

control
104 APL IV e 1 1
J aaceawp (8881688
S| Lt
_l:ﬂt;ﬂ!l.!ﬂ w l‘ll Ell
Ruinc.cin2 S i s 1

[ AraC (500mgig/sc): Doxo (10mgiikg/sc); AMD (5mg/kg/sc) |
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AMD3100 enhances effect of
chemotherapy

=8~ Confrol

-£- AMD3I1T00

- Ara-C

-+~ AMD3T00 + AraC

Phase I/IT Study of AMD3100 + MEC in m

Relapsed or Refractory AML

Elgibility Criteria
1.0w of AML and either 1* refractory or
relapsed disease (For ptsin 19 relapse, must
have CR1 duration < 12 ma)

2.Age 1865, ECOGPS <2

3.Blast ct < 30,000/mm’

4,No provious MEC sabvage

AMDI100
Dose level 1 80 meg/hg 50 0n d0-5
Doselevel 2 160 meg/ky S50.on €0-5
Dosa level 3 240 megfkg 50 on 00-5
Mitowantrone Bmg/m? IV on dL-5
Etopaside 100 mg/fm? IV on d1.5

Cytaraking 1000 mg/m’ IV on d1-5
Mobilization
studees
[ Dayo | Day1 | Dayz | Days | Oays | Days |
t it tt tt tt Tt
A A M A M A M A M A M
E E E E E
c C Cc c Cc

DsPervc I, wnpublaned date.

Patient Characteristics (n=49) m
Age, median yrs (range) §1(19-T1}
Male / Female 2524
Cylogenetics

Favorable B
Intermediate 28
Poor 13
Secondary AML
Therapy related 3
Previous MDS/MPD 5
FLT-3 "
Mutated (I TO/DE35) 11 (1001)
Unmitated 19

Unknown 17

Prior HSCT (allo/auto) 8 (82)
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Treatment Indication  n (%)

1# Relapse, 1% Salvage 36 (73%)
CR1 < & months 13 (27%)
CR1 6-12 months 13 (27%)
CR1 > 12 months 10 (20%)

1* Relapse, 2™ salvage 2 (5%)

2™ Relapse 1 (3%)

Primary refractory 10 (20%)
1 induction B (16%)
2inductions 2 (5%)

Mobilization of AML Blasts

a 10 Post Plerixafer (i FISH+ colls/ total)
£ Probe o hr m 24Hm
2 3 WLL 1267200 1067200 136200
2 WLl 142200 1300700 120200
5 [ . . CBFB 127200 157200 1200
5 g AML-ETO 1517200 1807200 1627200
E, AML-ETO AT200 330200 #1200
H ] 200 200 126200
5 EGR1 SO TAER00 182200
-} EGR1 200 200 a220
.2 D20S108 182200 189200 196200

WEC Blasts
Bhrs post-plerixafor

Surface CXCR4 Expression & Response

CD184(126G5)

P = N

| o |
o & e
-+ ? :l = v

L EE
PD CR PD CR
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CXCR4 Expression

§I'd? i

=1 50

AT
Hasts

- = isotype
i 3=
5 = Bh post
=" (= 24h post
e Hours Post-Pleroafor

" CXCR4(1DE)

Fold Change «n MFI

Transwell Migration Assays

- s
B G Pert-Paraser  *T=0.0111
n)

% Migration

Mo SOF-1 +80F.
PBMC CKCR4 (1D3) MFI

Safety & Toxicity

+ No evid of hyp

* Median time to hematopoistic recovary
— ANC = 500¢/mm?: 26 days (21-37 days)
- Platelets > 50,000/mm?: 25 days (14-40 days)

* Adverse evenls
= no dose limiting toxicities in phase |

AEs primarily hematologic, febrile neutropenia

=  Two early deaths (< 30 days) due to complications of sepsis
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Response Evaluation (n=49)

- T R
Patients Responass reatment esponse

Failures Rate
CR+C CR

Plerixafor Dose | Total #Eval| CR  CRi |Death FPD Ri

80 mcgikg/day 3 3 1 0 0 2 |3% 3%

160 meglkg/day | 3 3 1 0 0 2 | 33% 3%

240 meglko/day | 43 40 17 3 2 19 | 50% 40%

Overall 49 46 19 3 2 23 | 48% 39%

Response Evaluation (240mcg/kg cohort)

Treatment Pred CR%

Patiants Respanses

Failures

‘ Response Rate Estey Blood '50]

Total #eval | CR CRi |Death PD |[CR+CRi CR |ANpis Trad

salvagd

:: ;,2:;; o 0 0 0 2 0 ‘ wa | 73%  T9%
_: s;f:; 8 ' L o 1 o s oew | 4T Ba%
Bple i, 0 2 [ o a1 e | s | eew 20w
Do e ¥ 4 0 2 2 | 2w % | ow Oow

Conclusions

1. Plerixafor can be safely administered in combination
with cytotoxic chemotherapy in patients with AML.

2. Effects of CXCR4 blockade are observed in AML

blasts In vitro and in vivo following treatment with
plerixafor.

3. CR + CRi rate of 50% compares favorably to
histarical controls with this regimen.
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Normal Bone Marrow Microenvironment m

K
E-selectin I | Bio5 192
inhibitors -}s 6" by &

- o
G-CSF
D £~ S
e ]

- o

Maobilization af mouse APL in vivo by the

VLA-4 inhibitor, BIO5192

s

wa

ma

APL/uL (x10%)

=

0 2 4 68 8§
Time afler BIO5192 )

DiParea JF, unpublished data

171
G-CSF suppresses mature

osteoblasts

Gireenbaum and Link (unpablished)
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APL Chemosensitization by G-CSF & BI05192
+ G-CSF +G-CS5F £ G-CSF +G-CSF
APL tAra-C tAm-C  sAm.C :AraC
S S S —
Day: 0 1 2 3 4 5 G 7
+BIOS192  BID5192
APL + Ara-C + Ara-C
T T T L} T T T
Day: © 1 2 3 4 5 6 7
1.APL = 10F cells/mouse IV
2.G-CSF = 250 pg/kgiday SC
3.BIO5192 = 1 mghg IV
4.Ara-C = 500 mg'kg SC at 4h after G-CSF/AMD injection |
DiPersio IF, unpublished date

BIO5192 and G-CSF Enhance the Effect
of Chemotherapy
== miviimio o akenateniel
e - GOSF
- —
TR Ne - I
=" = "
2 ar 2 o
-] -
o =
o o
n 8 2 & m o W @
Dhmyss aller APL. npechon Diaye after APL ingeckon
o oa Ja"‘,
BM day +120 NOG Mice ol k.q
Phenatyping of Primary AML e .
D33
2l O 24
2 ' 93 g
Q oY
- CD33 CD33

Significance of the Tumor Microenvironment in Hematological Malignancies |6



PRESENTATIONS

Effect of AMD31000 and G-CSF 175
on primary human AML mobilization in NOG Mice
11 Pre-AMD and pre-G-CSF 131 4hrs post AMIDY

+G-CSF e -
105 pre AMID 4 Post G-CSF
kol s
DiPerii , urgublanec data +AMD3100

176
Phase I/l Study of G-CSF + AMD3100 + .
MEC in Relapsed or Refractory AML

ginili Criteri | AMO3100: 240-a80mce/kg ¥ qd/bid on d3-8
10w of AML and gither | GosF 10 mieg/kg S0 on d1-8
1" refractory of relapsed disease
p =

Teeands fooa s '.2 | Mitocantiane Bmgim' IV on dd-8
3,Blast ct < 30,000/mm! | h
AN WEC tahose | Eropaside 100 mgfm? ¥ an da-8

= titund iadce. | ki 1000 mg/m? IV en 44-8

| Dayt | Day2 [ Days | Day4 | Days | Days | Day7 | Days |
t T t L T B O T
G G L) A A A A A A A A A A
G G pm G G G M G M
E E E E E
[ [ C c C

DuPersia If, unpublished data.

NOG Model of Human G2 ALL

Fold change huCD45"

Vehicle AMD3100
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SIF-10XCH,
NCAM.

FeSelecting
E-Sebeetin ligand?

Generie ligand/receptor S )
J Stroma-leukemia contact

LT AT E P e TP TEe e et T

D)

Anti-apaplosis
Anti-proliferation
Anti-dij

I

I'!'_l, Interruption of

Stroma-leukemia cell contact

cells will result in prolif
apoptosis, differentiation

and sensivization o genotoxic
stres,

5 suel ag chemotherapy
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Multiple Myel. is a dy ic int tion of MM cells with TME m

MM cell
proliferation

Lytic lesions
dues to
activation of
OCL and
inhibition of OBL

Trafficking and
dissemination
70% of patients
have circulating
cels
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Model systems of studying MM m
Trafficking and
Genetic and dissemination of
epigenetic = _cells to new areas
regulation of //_’\:\ in the BM
MM cells [ ] &
- rowth
=) Survival
o 3 ,/'—‘\llﬂl \Q Drrug resistance
(——E_:’i:—L\-:’:Q l:> Adhesion molecules T
e AR
stromal cells _Fb

@ —> Cylokines T

Interactions with OBL, | \ \ y
-

OCL, mesenchymal cells

- @

U SO0 s AR W S

Selscting b ‘. I BDF Integring v Cadhering Extraceliular
Matrix 2

a s
& |

by

S

] =t =———a =5

Injact maLse
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FLUDRESCENGE MICROSCOPE e a2 on)

Significance of the Tumor Microenvironment in Hematological Malignancies



PRESENTATIONS

Normal bone marrow architecture .

Selected images from a 3D stack taken with second-harmanic genaration
microscopy (bone, collagen: blue) and two-photon excited fluorescance
(ostecblasts, GFP: green and vasculature. quantum dots: red).

Runnels et al. in press

Homing in MM

CIRCULATION TIME OF PATIENT CELL!

* PATIENT CEULS
MM CELLS

o 0 0 ] a0 50 & 0
min past Infection

Homing of MM cells
and engraftment in first
72 hrs-

close interaction with
vascular and endosteal
niches

i
\
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T
= o poe
" W Roon

[
[
o8 HOSTECRASTS
o
&

Fraction of MMLS Calls

“!} V[ TS

RO B R LB B
b Distance (pm)

Pigsmacytomas are evident in the calaria by the third m

week Mosaies of individual fieids of view Imaged by
confocal microscopy show that at days 20 (a) and 22 (b)
post MM 15 cell inection confocal imaging detects the

$

In the fifth week, tumors are detected by immunohistochemistry,
confocal microscopy and BLI
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In vivo confocal imaging detects surviving
cells after bortezomib therapy.

- -
. m

Gnobnal IM, unpubished data |

Close interaction of MM cells with the bone marrow

Increased
angiogenesis
in MM

Decreased
tumor size

Day 32= Control Treated with bortezomib

Snabried M, erpubiizhed daa

.

Stroma-myeloma interaction and
cell trafficking and metastasis

Receptors:

—CXCR4 and CXCR7

— Selectins
Downstream signaling:
—Rho/Rac

- TORC1/TORC2
Hypoxia

Epigenetics: miBNA
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CXCR4 in regulating homing of MM m
Iz tE L, T | innibition of CXCR4 by
é',l 1+ "t+ly | ShRNAarpharmacological
[. 14 inhibitors significantly
- "1 Hi 44| inhibited homing of MM
Tt T T T 7] lnayed, Blood 2008

Mobilization of MM cells by AMD3100
Bs
I I
g i 1
4 - o ighjglé?‘b:lb M, e
Dy SEcnE 1O
Bl
i= T.IT. S —
Lo mm e Azab et al, Blood 2003

A Mobilization of MM cells by AMD3100 m

Gnoovial (M, unpubished data
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¢ Mobilization of MM cells by AMD3100
A0

Mobilization of MM cells by AMD3100

; e
G, = s

Vo o e by
s e s
«SREEEEEES
b (e
A e

« ¥ 0

L}

-
|

==

Ghobnal IV, unpublshed data

Phase I/] trial of AMD3100 (plerixafor) in combination
with bortezomib in MM

e il -
[re———— ————
oy S e [y —
et
|
+ —, 3
P— et
v
- -
———

Ghobrial IM, unputlished data
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Schedule and dose escalation

Doos Lovel | Assgnod theragy. A cycle = 21 doys

|

Lemd || Plerowor s 160 ug/g dady om day 1 bo 8§ and boresomils IV push | mgfa? Cays &, 6,
10, and 13.

Lol 2 Peromior sq 160 ug/sg daly fom day | i & and tonaroenit IV push | 3 g Days 3, &,
10_and |3

Lol [ Peroanl 3 746 <] @l T Any 116 & A oreeoen IV path 1 g DR B, |
10 and 13,

Lanveld | Pleromior s 240 /g caly fmm day § bo & and borazcest IV posh 1 3 mg Days 3., 6,
10.and

T R e T R i T e e T r o]

___ [10angys

LavelbB | Pherccaior £ 320 pgieg daye 1, 2, 3. 6, 10 and 13, Bonezomib 1V puth 13 mg'r Days 3
8, 10and 13,

Lawl 6 Paoromice oq 400 pg/g days 1, 2. 3, 6, 10 0nd 13, Borgzamib IV push 1.3 mgm Days 3, |
5 100nd 13

Coval7 | Pherocafor og 480 pig/eg iy days 1. 2, 3. 6, 10 ond 13, Boriocomid IV push 1. mgm”
| Goya. 6, 10and 18

Mobilization of MM and CD34 cells in the
co13s, peripheral blood
Caohort 1 Cohort &

Pieria 150 Pioris 243
|

! Bortaz 13
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Rho and Rac in MM
SDF-1a

\ LY23400;

oA, TR

X 3
) "™ (oo )
varese rod I Tiicting
/
= R
\(Ipoci)/’ Caad

Migration and Adhesion
Chemot to VCAM and
Azab et al, Blood 2009 Fibronectin

Rho and Rac in MM m
A -1 -

T e
sl
Wl'l] e = 5 B s

Yereaz

N |

.

Azan of al. Blood 2008

207

Tl ———— Azah &t al, Bibod 2009
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TORC1/TORC2 regulation in MM m
ke,
e |..| -
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The role of P-selectin ligand in cytoskeletal signaling and m
homing in MM cells
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GMI-1070 induces sensitization to bortezomib
therapy in vive

5
i

bl — O
L. P [ R0
S e b —- borterome
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Role of hypoxia in MM

Tumer
progression Egress Homing Recavery
Hormoxic Hypozic
BM Hich-1 EM Hich-1 Blood Stream
—

MU cells adberent MN cels  detach MM cofls home Lo M cels gctwrent (o
3 BMSCs from BMSCs. rwwy Bl riche BULASC
SECFI 501 4306 e
ORI M, ) T (M ACatwern MM UGS Cahann Vs, IGE)
o CHCRA (e OnCR vy AR (M P TACRS (MB

Key:

Lo it ot SN vt oot (Rt segrcr, NG e reien
+

Hgn Exnresiann, & Low Expreision. |Cadhencs, QCICRE, o S0F1a

Targeting MM with TH-202, a hypoxia
activaled prodrug, Hu el al, Bood 2010
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217

MicroRNA Expression identifies miR 15-a and 16-1 in MM

hea-miR-15a
has-miR-16-1

Pesasm| R =382
hea-miR-181a
hsa-miR-181k
haa-miR-221

PR ] “

Receare of al, Blood 2000

miRNA-15a and -16-1 modulates proliferation and cell cycle of MM cells m
A

Foccaro e al, Biood 2009

miRNA 15-a and 16-1 regulate NFKE in tumor cells, m
angiogenesis and tumor growth in vivo

CII m-m vamh:hﬂ I\Ill 13

Regulate VEGF r
secretion and * ﬁ
angiogenasis

_ Ssramaleprobe  _ pre-miRiSR  premRiss

In vivo tumar
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Conclusion

= Cell trafficking in MM regulates dissemination
and metastasis.

Developing drugs that target these pathways:

CXCR4/CXCR7/SDF-1, selectins, Rho/Rac,
TORC, hypoxia, miRNA.

Sensitization to therapy as a new modality of
therapy.

Prevent dissemination and progression.
» Role of the stroma in regulating cell

metastasis.
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