N [

15 A% % ..L*

DEPARTMENT OF

M ORIENTATION BOOKLET

g EINSTEIN

Albert Einstein College of Medicine

» - “-.
- . .' 3 .I
>4 ‘; =}
[ X -
> B )
S TN .
T A
K s 0% D F
.{ ’_/ \ s
[ {(1 -
“,\‘ 1
e
. »

2026-2027

© o\ EINSTEIN

¢/ CELL BIOLOGY

CELL BIOLOGY

)7 !
4+ 3 o s & r
et oo s X e |
SCERAEE S |
S n A K :
< - .;.".r‘ Py )
I o ’
Aé. 3 —u/* ac’

ax P

LT .



OUR RESEARCH LAE

Aguirre-Ghiso Lab

Lef t: Ribbon diagram (in red) of NR2F1 LBD modeled
using MODELLER v9.10 shown with the agonist C26
(sphere representation) docked in the binding site. Right:
Close-up of C26 docked in the binding site; white dotted
line represents the part of the helix that was removed for a
better view of the binding site.

A Original LIPSTIC B uLIPSTIC

R errern ==~ Campos-Canesso Lab

'm £ S i Tracking cellular conversation in real time: the LIPSTIC tools. (A) Original LIPSTIC
labeling of intercellular contacts depending on the expression of CD40L and

CD40 by interacting cells. (B) High expression Universal (u)LIPSTIC Rosa26 allele

and (C) schematic of uLIPSTIC labeling of intercellular interactions.

Live-CeW Super Resolution
20 Projection Map of TFID and Pol I
Coleman Lab
Live-cell super resolution microscopy showing the
spatiotemporal dynamics of transcription initiation
and elongation via single molecule imaging of
TFIID (red) and RNA Polymerase Il (green) in human

osteosarcoma cells.
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Edelmann Lab

Organoids (upper lef t) generated f rom DNA mismatch repair def icient mouse
colon cancers (upperlef t)to study TGFB signaling (upper right: phosphorylation
of SMAD3/2, EpCAM+ epithelial cells, DAPI+ nuclei); analysis of Aldh1a3
intestinal stem cells (GFP+) in colonic crypts (lower lef t) and their expansion in
colon cancer organoids (lower right).

Fyodorov & Skoultchi Labs
Drosophila melanogaster, a model system to study biochemistry and
genetics of chromatin.

PI3K TKO

REE KN REEY
, " . ; "' ( M Gritsman Lab

Spectral karyotyping analysis revealing multiple chromosomal

abnormalities in hematopoietic cells from a PI3 kinase (PI3K) triple

isoform knockout (TKO) mouse.

Guo Lab
Mammary mini-gland derived from a single mammary multipotent

stem cell. Keratin 14 (green) and keratin 8 (red) staining show basal and
luminal cells, respectively.
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Ito Lab

3D images of mitochondria (in red) in single phenotypic
hematopoietic stem cells (top), transmission electron
microscopicimages of mitochondrial cristae in leukemic cells
(bottom)in wild-type (lef t) and NPM1 mutant (right), as well as
extracellular vesicles derived f rom hematopoietic stem cells
(top far right).

Kitsis Lab

Cell death. Healthy (lef t) and dying (right) HEK293 cells. Blue -
Hoechst 33342 staining of nuclei. Red-tetramethyl rhodamine
ethyl ester ref lecting electrical potential difference across the inner
mitochondrial membrane.

Konopleva Lab
A) Conceptual model of apoptotic resistance,
including redistribution of anti-apoptotic

T epem Lt G s o forene e Ve, B ., y 9
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buffering, apoptotic de-priming, and loss or
dysfunction of the mitochondrial apoptotic
machinery.(B) SABRE workflow. Primary AML
cells are treated ex vivo with apoptosis-
modulating agents in the presence of Q-VD-
OPh to preserve upstream apoptotic signaling.
Cells are subsequently stained with extracellular
markers to identif y leukemic populations

and intracellular markers, including total

BAX, activated BAX, and TOM20, followed

by analysis using imaging f low cytometry.

(C) Representative imaging flow cytometry
images demonstrating heterogeneous BAX activation and mitochondrial localization following treatment. SABRE

enables direct measurement of mitochondrial apoptotic engagement, apoptotic competence, and therapeutic
vulnerabilities at single-cell resolution.
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LaFave Lab

Multiplexed immunohistochemistry in a murine model with advanced lung
adenocarcinoma. Whole tumor-burdened lungs were stained for Alveolar type
2 (AT2) (OPAL 520, green), Alveolar type 1 (AT1) (OPAL 690, red), and nuclear
(DAPI) markers. Image generated by the LaFave lab.

Maryanovich Lab

Conf ocal imaging of vascular (CD31/CD144+; blue) and neural (tyrosine
hydroxylase+ sympathetic nerves; red) networks within the thymus
parenchyma, captured in the whole thymus following optical tissue clearing
(OTC).

Meier Lab

Fluorescenceimage overlayed ona phase contrastimage of an enlarged
nucleus surrounded by cytoplasm. This stable cell line expresses a cyan
f luorescent protein (CFP) with a peroxisomal targeting signal (blue)

and a small nucleolar RNA (snoRNA, red) f rom an intron (green). In this
f luorescence in situ hybridization (FISH) of RNA, the snoRNA is visualized
in nucleoli (red) and together with the intron at the site of transcription
(green/yellow). The spliced mRNA is exported to the cytoplasm and the
translated CFP translocated into peroxisomes (blue).

spliceosomal mutants that
improve the 1st step

Query Lab

Scheme for progression of pre-mRNA splicing, highlighting "'f’"‘""’

the diff erent conf ormations required for the f irst and second E M -ﬂ D )\0 =
catalytic steps; modulation of transition between the two ﬁ

catalytic steps by spliceosomal mutations results in altered
splicing fidelity and splice site choice. e R —

B85 o 1¥ step (’l‘.{ ard Y stop Lt
.\sw‘u-,' conformation con ‘cmawn release MO0

spliceosomal mutants
that improve the 2nd step
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Racanelli Lab

The loss of apulmonary capillary transcriptionf actor, Tbx3, drives the
development of a dysfunctional niche that results in the conditions of
emphysema and hypoxia throughout murine lung. Immunof luorescence
staining using antibodies against Pimonidazole adducts (green) and
PECAM-1 (capillary marker) (red) shows increased hypoxia (green) in
micewhere Tbx3 is genetically deleted inthe pulmonary capillary cells
(Tbx3EC), compared to Control. Nuclei stained with DAPI. Scale bar =
100um. Dashed boxes show enlarged area of interest.

Control

Thx3are

San Martin Lab

Scanning electron micrograph of a cluster of bone metastatic prostate
cancer cells (MDaPCa2b-asterisk) growing on a titanium plate coated with
an amorphous calcium phosphate matrix (ACP). Prostate cell lines cultured
in this in-vitro model of the bone microenvironment can grow in the absence
of testosterone.

B " Stengel Lab
: Promoter-capture Micro-C reveals a long-range contact between the
BCOR-occupied promoter of CSF1 and a distal regulatory element
occupied by both RUNX1 and BCOR. This highlights a mechanism by
which transcription f actors and Polycomb-associated proteins coordinate
three-dimensional chromatin architecture to regulate hematopoietic
gene expression programs.

Schildkraut Lab

Fluorescent antibodies showing replication fork direction in single DNA molecules
labeled with halogenated nucleotides.
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Steidl Lab

Study of hematopoietic stem cells and their progeny using multiplex single molecule
RNA-FISH. Each signal/dot represents asingle molecule of RNA of 5 diff erent key
transcription f actors (visualized by diff erent f luorophores).

Skoultchi Lab

ChlP-Seq — Chromatin immunoprecipitation followed by massive
parallel sequencing reveals diff erences in the DNA binding patterns of
transcriptionfactor PU.1innormal red blood cells (ES-EP) and malignant
erythroleukemia cells (MEL).

Will Lab

Asymmetrically dividing hematopoieitic stem cell by confocal

f luorescence microscopy. Blue psudocolor: DAPI; Red pseudocolor:
NUMB protein.

Healthy Control ATLL Patient

o cD4*'T
Ye Lab 1 cells
UMAP representation of lymphocyte populations in the PBMCs : £° my s : [
from an adult T-cell leukemia/lymphoma patient and a healthy | calls
control subject. E- . . ]
g Monocytes ATLL
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Department of Cell Biology

Dear Students,
Welcome to the Albert Einstein College of Medicine and the Department of Cell Biology!

Our department is dedicated to advancing research in important areas of cell and molecular
biology- ranging from stem cells, virology, immunology, and cancer biology to metabolism ,
DNA replication, transcription, and RNA processing. We are a collaborative and dynamic
community of scientists who share a passion for discovery. The department works hard to
foster an interactive and intellectually stimulating environment, making the Department of Cell
Biology an exceptional place to work, learn, and grow.

Graduate students in the Department of Cell Biology participate in a wide range of
departmental activities that promote both scientific and social connection. Each Friday, the
department gathers for a “Work-in-Progress” seminar, where graduate students and
postdoctoral fellows present their ongoing research and discuss future directions. Friday
afternoon coffee hours and monthly “get togethers” provide a relaxed setting for informal
interactions and community-building. Finally, at our biennial departmental retreat we explore
the broader context of our research, share poster presentations, and engage in fun games
and activities coordinated by a planning committee of faculty, trainees, and our amazing
administrative staff.

On the following pages you will find information about the research programs of individual
faculty members, as well as listings of the current students and postdocs in the department.
You can also find out more about the department and our research areas on our web page at
https://www.einsteinmed.edu/departments/cell-biology/.

Feel free to contact me with any questions orissues that arise, including those related to
rotations, qualifying exams, advisory committee meetings, coursework, or mentoring.

Enjoy your first year!

Kristy Stengel
Director of Graduate Studies


https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.einsteinmed.edu%2Fdepartments%2Fcell-biology%2F&data=05%7C01%7Cmargaret.kielian%40einsteinmed.edu%7C01a5932982c2467585ef08db81501106%7C9c01f0fd65e040c089a82dfd51e62025%7C0%7C0%7C638245953166953077%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Ve7UoISYMiMU%2BJty4OtHmcdR75WwvRfSwwbie%2FumF9w%3D&reserved=0
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Cell Biology Faculty

Joint
Faculty Title Appointment | Location Ext. Email Address
Julio Aguirre- Professor
Ghiso Price 210 1246 julio.aguirre-ghiso@einsteinmed.edu
Leonard
Augenlicht Professor Ullman 909A 4247 leonard.augenlicht@einsteinmed.edu
Barbara Professor
Birshtein Emerita Chanin 403 A 2291 barbara.birshtein@einsteinmed.edu
Medicine/
Eric Bouhassira | Professor Hematology | Ullman 903A 2188 eric.bouhassira@einsteinmed.edu
Maria Cecilia Assistant
Campos Canesso | Professor Chanin 403 A 0191 mariacecilia.camposcanesso@einsteinmed.edu
516-
Nicholas Adjunct 562-
Chiorazzi Professor North Shore LIJ 1085 nchizzi@northwell.edu
Anatomy and
Associate Structural
Robert Coleman | Professor Biology Forchheimer 628A | 8623 robert.coleman2@einsteinmed.edu
Anatomy and
Structural
Biology
John Condeelis | Professor /Surgery Forchheimer 602 | 8718 john.condeelis@einsteinmed.edu
Winfried
Edelmann Professor Genetics Price 279 1086 winfried.edelmann@einsteinmed.edu
Dmitry Fyodorov| Professor Chanin 414A 4021 dmitry.fyodorov@einsteinmed.edu
Molecular
Matthew Gamble | Professor Pharmacology | Golding 203 2942 matthew.gamble@einsteinmed.edu
ASSOC] Medicine/
ssociate Oncol
Kira Gritsman Professor neology Chanin 410 6707 kira.gritsman@einsteinmed.edu
Professor
Gottesman
Stem Cell
Wenjun Guo Institute Price 122 1276 wenjun. guo@einsteinmed.edu
Professor
Rhoda Hirsch Emerita Medicine Ullmann 925 3604 rhoda.hirsch@einsteinmed.edu
Professor
G S
Keisuke Ito C(Sltltelrflrsnt?tlllltetem Medicine Price 102 1278 keisuke.ito@einsteinmed.edu
o Professor . o . )
Margaret Kielian | Emerita Chanin 515 3638 margaret.kielian@einsteinmed.edu
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Medicine/

Richard Kitsis Professor Cardiology Forchheimer G46 | 2609 richard.kitsis@einsteinmed.edu
Oncology
Marina (Medical
Konopleva Professor Oncology) Ullmann 915 2362 marina.konopleva@einsteinmed.edu
Assistant
Lindsay LaFave | Professor Chanin 606 2090 lindsay.lafave@einsteinmed.edu
Maria Assistant
Maryanovich Professor Price 120 1066 maria.marianovich@einsteinmed.edu
Anatomy and
U. Thomas Structural
Meier Professor Biology Forchheimer 650A| 3294 tom.meier@einsteinmed.edu
Satish Assistant
Nandakumar Professor Chanin 413 2246 satish.nandakumar@einsteinmed.edu
Charles Query Professor Chanin 415A 4174 charles.query@einsteinmed.edu
Medicine
Alexandra Assistant (Pulmonary
Racanelli Professor Medicine) Ullmann 519B 2056 alexandra.racanelli@einsteinmed.edu
Oncology
Rebeca San Assistant (Medical
Martin Professor Oncology) Ullmann 713A 2099 rebeca.sanmartin@einsteinmed.edu
Distinguished
University
Professor
Matthew Scharff | Emeritus Chanin 440 3527 matthew.scharff@einsteinmed.edu
Carl Schildkraut | Professor Chanin 416 2097 carl.schildkraut@einsteinmed.edu
Anatomy &
Structural
Biology/
Robert Singer Professor Neuroscience | Golding 601 8646 robert.singer@einsteinmed.edu
Arthur Skoultchi | Professor Chanin 402 2169 arthur.skoultchi@einsteinmed.edu
Professor
Pamela Stanley | Emerita Chanin 513A 3346 pamela.stanley@einsteinmed.edu
Professor and | Medicine/
Ulrich Steidl Chair Oncology Chanin 601 3437 ulrich.steidl@einsteinmed.edu
Assistant
Kristy Stengel Professor Chanin 404 2953 kristy.stengel@einsteinmed.edu
Associate
Professor
Director,
gz;esclz?n Medicine/
Britta Will Institute Oncology Chanin 401 3786 britta. will@einsteinmed.edu
B. Hilda Ye Professor Chanin 302C 3339 hilda.ye@einsteinmed.edu
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Junior Faculty

Adjunct Assistant Professor

Name

Mentor

Location

Ext.

Email Address

Sulagna Das

Singer

Golding 601

8598

sulagna.das@einsteinmed.edu

Adjunct Instructor

Name

Mentor

Location

Ext.

Email Address

Samuel Taylor

Steidl

Chanin 601

8953

samuel.taylor@einsteinmed.edu

Adjust Senior Staff Scientist

Name Mentor Location Ext. | Email Address
Kyoko Ito Ito Price 108 1279 | kyoko ito@einsteinmed.edu
Instructors

Name Mentor Location Ext. | Email Address

Marcelo Coutinho de Miranda | Guo Price 108 1277 | marcelo.coutinhodemiranda@einsteinmed.edu

Cungqi Eric Cui Bouhassira | Ullmann 3119 | cungi.cui@einsteinmed.edu

Deepak Singh Aguirre-Ghiso | Price 250A 1109 | deepak.singh@einsteinmed.edu

Claudia Morganti Ito Price 108 1279 | claudia.morganti@einsteinmed.edu

Daozheng Yang Will Chanin 401 6431 | daozheng.yang@einsteinmed.edu

Peiqi Yin Kielian Chanin 515 3639 | peiqi.yin@einsteinmed.edu
Principal Staff Scientist

Name Mentor Location Ext. | Email Address

Colette Prophete Frenette Price 107 1204 | colette.prophete@einsteinmed.edu

Research Assistant Professors

Name Mentor Location Ext. | Email Address

Eduardo Farias Aguirre-Ghiso | Price 250A 1109 | eduardo.farias@einsteinmed.edu
Hager Mansour Will TBD TBD | hager.mansour@einsteinmed.edu
Elena Tosti Edelmann Price 269 1087 | elena.tosti@einsteinmed.edu
Young Yoon Singer Golding 614 8636 | young.yoon@einsteinmed.edu
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Staff Scientists

Name Mentor Location Ext. | Email Address

Randall Carpenter Maryanovich [ Price 107 1204 | randall.carpenter@einsteinmed.edu
Alexander Emelyanov Fyodorov Chanin 414 4022 | alexander.emelyanov(@einsteinmed.edu
Malini Gupta Will Chanin 401 6431 | malini.gupta@einsteinmed.edu
Dong-Woo Hwang Singer Golding 601 3230 | dongwoo.hwang@einsteinmed.edu
Rajni Kumari Steidl Chanin 601 8953 | rajni.kumari@einsteinmed.edu

Koceila Meznad Meier Forchheimer 650 | 2768 | koceila.meznad@einsteinmed.edu
Swathi-Rao Narayanagari Steidl Chanin 601 2915 | swathi-rao.n@einsteinmed.edu

Kenta Nishitani Guo Price 108 1277 | kenta.nishitani@einsteinmed.edu

Hugo Pinto Skoultchi Chanin 402 3595 | hugo.pinto@einsteinmed.edu

Yutaroh Suzuki Steidl Chanin 601 8953 | yutaroh.suzuki@einsteinmed.edu
Nitya Nand Srivastava Edelmann Price 269 1087 [ nityanand.srivastava@einsteinmed.edu
Sriram Sundaravel Steidl Chanin 601 8573 | sriram.sundaravel@einsteinmed.edu
Yutaro Suzuki Steidl Chanin 601 8573 | yutaroh.suzuki@einsteinmed.edu
Shoichiro Takeishi Frenette Price 107 1204 | shoichiro.takeishi@einsteinmed.edu
Victor Thiruthuvanathan Will Chanin 302A | 7983 | victor.thiruthuvanathan@einsteinmed.edu
Haruhito Totani Ito Price 107 1204 | haruhito.totani@einsteinmed.edu
Yong Wei Zhang Edelmann Price 269 1087 | yongwei.zhang@einsteinmed.edu
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Postdoctoral Fellows

Name Mentor Location Ext. | Email Address

Anna Adam-Artigues Aguirre-Ghiso | Price 207 1110 | anna.adamartigues@einsteinmed.edu

Marcos Felipe Andrade de Oliveira | Campos Canessd Chanin 403 2170 | marcosfelipe.andradedeoliveira@einsteinmed.edu
Mirjam Arnold Stengel Chanin 404 2170 | mirjam.arnold@einsteinmed.edu

Pratitusti Basu Nandakumar Chanin 413 3021 | pratitusti.basu@einsteinmed.edu

Priyasmita Chakrabarti Ito Price 108 1279 | priyasmita.chakrabarti@einsteinmed.edu
Joyeeta Chakraborty Stengel Chanin 404 2710 | joyeeta.chakraborty@einsteinmed.edu
Wenyan Fu Guo Price 108 1277 | wenyan.fu@einsteinmed.edu

Sakshi Goel LaFave Chanin 606 4751 | sakshi.goel@einsteinmed.edu

Juliane Grimm Will Chanin 401 6431 | juliane.grimm@einsteinmed.edu

Aline Hatem Bouhassira Ullmann 905 | 3119 | aline.hatem@einsteinmed.edu

Anupama Kumari Schildkraut Chanin 416 3193 | anupama.kumari@einsteinmed.edu

Shu-ting Li Steidl Chanin 601 8573 | shuting.li@einsteinmed.edu

Xiangshang Li Will Chanin 401 6431 | xiangshang.li@einsteinmed.edu

Yuxiang Li Skoultchi Chanin 402 3595 | yuxiang.li@einsteinmed.edu

Zhuqing Liang Maryanovich | Price 107 1204 | zhuqing.liang@einsteinmed.edu

Shubham Haribhau Mehatre Steidl Chanin 601 8573 | shubhamharibhau.mehatre@einsteinmed.edu
Amit Mishra Query Chanin 415 4174 | amit.mishra@einsteinmed.edu

Trieu Nguyen Nandakumar Chanin 413 3021 | trieu.nguyen@einsteinmed.edu

Irene Roy Gritsman Chanin 408 6708 | irene.roy@einsteinmed.edu

Ankita Saha Query Chanin 415 4174 | ankita.saha@einsteinmed.edu

Deisy Segura-Villalobos Aguirre-Ghiso | Price 207 1110 | deisy.seguravillalobos@einsteinmed.edu
Lornella Seeneevassen Aguirre-Ghiso | Price 207 1110 | lornella.seeneevassen@einsteinmed.edu
Anastasiya Slaughter Steidl Chanin 601 8573 | anastasiya.slaughter@einsteinmed.edu
Mehrnaz Safaee Talkhoncheh | Will Chanin 401 6431 | mehrnaz.safacetalkhoncheh@einsteinmed.edu
Jingli Wang LaFave Chanin 606 4751 | jingli.wang@einsteinmed.edu

Shiang-Jie Yang Ye Chanin 302C | 3340 | shiangjie.yang@einsteinmed.edu

Eun Jin Yoo Ye Chanin 302C | 3340 | eunjin.yoo@einsteinmed.edu

Federica Zanotti Ito Price 108 1279 | federica.zanotti@einsteinmed.edu

Qichao Zhang Will Chanin 401 6431 | gichao.zhang@einsteinmed.edu
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mailto:qichao.zhang@einsteinmed.edu

Predoctoral Fellows

Name Mentor Location Ext. Email Address

Bita Adel-Zadeh Will Chanin 401 6431 bita.adelzadeh@einsteinmed.edu
Farzana Begum Maryanovich | Price 107 1204 farzana.begum@einsteinmed.edu
Amber Buhagiar Steidl Chanin 601 8573 amber.buhagiar@einsteinmed.edu
Alison Chafitz San Martin Ullmann 713 | 2099 alison.chafitz@einsteinmed.edu
Gabrielle Chernomorsky] Coleman/Steidl| F-628/Chanin | 2048/8573| gabrielle.chernomorsky@einsteinmed.edu
Lionel Colon Aguirre-Ghiso | Price 207 1110 lionel.colon@einsteinmed.edu

Ian Davis Guo Price 108 1277 ian.davis@einsteinmed.edu
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Co-Director of the Gruss-Lipper Biophotonics Center I o
Co-Leader Tumor Microenvironment and Metastasis Program, AECC

Price BLDG. — ROOM 220
CANCER DORMANCY: UNDERSTANDING THE BIOLOGY OF METASTASIS

Metastasis remains the leading cause of cancer mortality and the major clinical challenge. Even after
primary tumor removal, patients can harbor dormant disseminated cancer cells for years before they
reactivate and form incurable metastases. Our lab studies the biology of dormant DCCs, their
reactivation, and the microenvironmental, epigenetic, and immune mechanisms that regulate them to
develop therapies that prevent relapse.

1. Early dissemination and early DCC dormancy. My lab’s work has brought new questions to the
forefront of cancer research by showing that dormant breast cancer disseminated cells and metastasis
can arise very early in tumor evolution, even during pre-malignant stages, with innate immune cells
helping shape both dissemination and dormancy. We identified a HER2-driven early dissemination
program, defined gene programs and transcription factors that regulate early DCC dormancy, and
showed that CCL2-dependent recruitment of tissue-resident macrophages can promote early entry into
circulation, while in the lung, alveolar macrophages can also enforce dormancy through TGF(2. More
recently, we found that common viral infections can reactivate dormant early DCCs, underscoring how
oncogenes, immunity, and the microenvironment together influence when and how metastasis emerges.
Publications:

e Harper, K, Sosa MS,, et al., (2016) Nature PMID 27974798

e Hosseini et al., (2016) Nature PMID 27974799

¢ Linde and Casanova-Acebes et al., (2018) Nat Commun. PMID 29295986
e (Casanova et al., (2021) Nature PMID: 34135508
e Nobre et al., (2022) Nature Cancer PMID: 36050483
e Dalla et al., (2024) Cell PMID: 39378878
e Chiaet al., (2025) Nature PMID: 40739350

2. Stem cell and niche biology in cancer dormancy. We investigated why metastases often stay
dormant in the bone marrow and found that NG2+/Nestin+ mesenchymal stem cells create a TGFp2-rich
niche that keeps disseminated breast cancer cells quiescent through TGFf receptor and p38 signaling.
We also identified retinoic acid and NR2F 1 as key dormancy regulators, showed that brief epigenetic
reprogramming with 5-azacytidine plus all-trans retinoic acid can restore long-term dormancy in vivo, and
discovered an NR2F1 agonist as a new strategy to induce dormancy and prevent metastasis.
Publications:

e Bragado, P., et al.,(2013). Nat Cell Biol PMID 24161934
e Sosa, M.S,, et al.,(2015). Nat Commun PMID 25636082
e Nobre et al., (2021) Nat Cancer PMID 34993493
e Khalil et al., (2022) J. Exp. Medicine PMID34812843
e Fane et al,, (2022) Nature PMID 35650435
e Sun et al,, (2022) Science Adv PMID 36459552

Singh et al., (2023) Cell Reports PMID 37267946




3. Mechanism of uveal melanoma dormancy and therapy resistance. Uveal melanoma poses a
major challenge because disseminated tumor cells can seed the liver early, remain dormant for years,
and later awaken to cause lethal metastasis, with few effective treatments available. Our lab is defining
the epigenetic and microenvironmental mechanisms that maintain this dormant state, including TGF32
signaling in the liver, biomarkers of dormant disease, and resistance pathways linked to BAP1 mutations,
to build a preclinical basis for new therapies that prevent metastasis and improve treatment options for
both early- and late-stage patients.

Publications:

e Kadamb et al., (2025) bioRxiv (in review Nat. Commun) PMID: 38496663
e Cuaet al, (2024) Science Signaling. PMID: 38861613
e Lapadulaet al.,, 2023 Mol Cancer Ther. PMID: 36223548
e Theetal., (2020) Mol Cancer Ther. PMID: 32430489
e Lapadulaet al., (2019) Mol Cancer Res. PMID: 30567972

4. The balance between mitogenic and stress signaling as a determinant of dormancy. Our
early work linked ECM signaling to the ERK/p38 balance and showed that this ratio helps determine
whether disseminated cancer cells remain dormant or reactivate across cancers, including head and
neck, breast, and prostate. We found that fibronectinassembly, Cdc42-dependent p38 activation, and
an ER stress/UPR survival program through BiP, PERK, and ATF6a-Rheb-mTOR help sustain
dormancy, while hypoxic primary tumor niches can also generate dormant cells that later drive
relapse.

Publications:

e Aguirre-Ghiso, J.A,, et al., (2004). Cancer Res. PMID 15492254
e Schewe, D.M., and Aguirre-Ghiso, J.A. (2008). PNAS . PMID 18650380
e Adam, A.P. etal., (2009). Cancer Res. PMID 19584293
e Fluegen et al., (2017) Nat Cell Bio. PMID 28114271
e DeMartino et al., (2021) Nature Cancer. PMID 35121989
e Calvo et al., (2023) Clin. Cancer Res. PMID: 37982738

5. Protease and integrin signaling — the discovery of the first molecular mechanism to induce
cancer dormancy. Our early work also showed that uPAR is a signaling hub that drives cancer
progression by activating a5p1 integrins, fibronectin assembly, FAK/EGFR signaling, and the MEK-
ERK pathway. Disrupting uPAR-integrininteractions shuts down ERK, activates p38 stress signaling,
and reprograms tumor cells into long-term quiescence, establishing uPAR as a key switch that
controls the balance between proliferation and dormancy.

Publications:

e Aguirre Ghiso, J.A. (2002). Oncogene. PMID 11971186
e Aguirre Ghiso, J.A. et al., (1999). J Cell Bio. PMID 10508858
e Aguirre-Ghiso, J.A., et al., (2001). MBoC. PMID 11294892
e Liu, D., Aguirre Ghiso, J.A., et al., (2002). Cancer Cell (Cover) PMID 12124174
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Our laboratoryis focused on cellularand molecular mechanisms of intestinal homeostasis and perturbations that cause
intestinal inflammation and tumor development. This encompasses development of mouse geneticmodels and the impact
of environmental alterations linked to elevated risk for human inf lammatory bowel disease and colon cancer.

We demonstrated an orchestrated reprogramming of intestinal epithelial cells as they migrate from the stem and progenitor
cellcompartmentin the crypt and undergo maturation, normally eliminating cellcycling and promoting cell differentiation. We
determined where key regulators of proliferation are active during this traverse of cells along the crypt-luminal axis, their
oscillation along this axis, and ef fects of their disruption on mucosal homeostasis and tumor development.
Diet and Aging Impact on intestinal stem cells and mucosal lineages:

A majordriver of human colorectal cancer (CRC) incidence and earlieronset of CRCthat is increasing in frequency, is
consumption of unhealthy western-style diets, increasing CRC incidence by 10-f old. We model this inthe mouse using a
purif ied rodent diet (NWD 1), adjusting multiple nutrients to mimic exposure to each at its level presentin human populations
with much higherincidence of CRC. This accelerates and increases tumor developmentin mouse genetic models of intestinal
cancer, regardless of genetic etiology ormechanism, and also influences site of tumordevelopment inthe small and large
intestine. Importantly,>70% of human CRC are sporadic, having no known inherited geneticf actors, and arises af ter 5-6
decades of life. Wild type mice rarely, if ever, develop sporadic tumors when f ed standard diets, but feeding wild-type mice
NWD1 for 1-2 years causes sporadic small and large intestinal tumors with a developmental lag, incidence, frequency and
pathology similarto that of human sporadic CRC. This has provided anenormous opportunity to understand cellular and
molecular mechanisms underlying tumor development. Long before tumors develop, the mucosaappears normal, but is
altered: there s increased inflammation, elevated serum cytokine levels, altered lineage specific markers, and elevated Wnt
signaling and ectopic Paneth cell marker expression throughout the small intestinal and colonic mucosa.

Our recent work has established that the highrisk purified NWD1 diet has a profound role in determining whichand how
stem cells functionin eventually giving rise to tumors. The stem and progenitor cell, and lineage alterations we have identified,
ref lect cell and tissue remodeling present in aging and in human inflammatory bowel disease —both alsorisk factors for colon
cancer. NWD 1 initiates mucosal remodeling by the epigenetic down-regulation of Ppargc 1a specifically in canonical Lgr5"
intestinal stem cells (ISCs), reconfiguring an enhancer inthe gene. This alters mitochondrial structure and f unction of the
Lgr5MISCs, compromising their production of daughter cells and normal developmental maturation as cells migrate out of the
stem cell compartment. This recruits alternate stem cells to maintain the tissue, but lineages are reprogrammed, triggering
the putatively differentiated cells to regularly re-enter the cell cycle, accumulating mutations each time they divide.
Inf lammationis alsotriggered by major elevation of the CD74/MHCII pathway of antigen processing and presentation that
can promote tumordevelopment from the increasing population of initiated cells. The molecular mechanisms driving this
complex stem cell/tissue remodeling elevating probability of tumor development are the focus of our current research.
Tumor developmentis driven by genetic and epigenetic changes that provide transformed cells with a selective growth
advantage, but our data show this competition takes place on a playing field that is under continuous remodeling by its
nutritional environment, in large part determining which cells win the competition. Moreover, the f inding that nutritional
exposure has such a profound effectin determining which and how stem cells f unction raises anintriguing question: rapid
evolutionary expansion of speciesto occupy new niches —termed “adaptive radiation” - depends on the ability of organisms
to adapttoand utilize newf ood sources. Theref ore, the plasticity of intestinal epithelial cells to adapt, including determining
how and which cells f unction as stemcells, may have arisen to provide this flexibility to organisms to thrive in new ecosystems
as a major driver of evolution.

Collaborations: The gutis a complexecosystem, with billions of bacteria interacting with stem/progenitor cells and lineages
of the mucosa. We have collaborated with Libusha Kelly (Computational Biology) on herdiscovery of gut microbe mediated
synthesis of sulfide (H2S)released into the gut lumen. H>S can chemically reduce susceptible chemical bonds (e.g. azo
bonds) in a wide range of compounds, altering their impact on the intestinal mucosa, also having systemic effects. Our
collaboration established that this is regulated by nutrients in altering intestinal microbe populations that produce H:S, insome
cases by metabolizing the intestinal mucus barrier, rich in -SH bonds. New data establishes that NWD1 alterations of the
microbiota parallel alterations in humans with colon cancer, suggesting early dietary alterations can contribute to
pathogenesis. We also have animportant, decades long collaboration with Winfried Edelmann (Cell Biology) on mechanisms
of nutritional-genetic interactions that drive site specificity of tumor development, and with Vern Schramm (Biochemistry)in
development of novel transition state analogues in a synthetic lethality that can target colon tumors.
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Selected Publications:
Verhagen, M.P, Joosten, R., Schmitt, M. Valimaki, |, Sacchetti1, A, Rajamaki, K., Choi, J., Procopio2, P, Silva, S, van der
Steen, B.,vandenBosch1, T, Seinstra1, D.,de Vries7, A., Doukas, M., Augenlicht, L.H., Aaltonen, L.A., and Fodde, R.

(2024). Non-stem cell lineages as an alternative origin of intestinal tumorigenesis in the context of inflammation. Nature
Genetics, 56, 1456-1467.

Bedard, G.T., Gilaj, N., Peregrina, K., Brew, l., Tosti, E., Shaffer, K., Tyler, P.C., Edelmann, W., Augenlicht, L.H. and
Schramm, V.L. (2024). Combined inhibition of MTAP and MAT2a mimics synthetic lethalityintumor models via PRMT5
inhibition. Jour. Biol. Chem. 300, 105492.

Choi, J., Zhang, X., Li, W., Houston, M., Peregrina, K., Dubin, R., Ye, K., Augenlicht, L. (2023). Dynamic Intestinal Stem
Cell Plasticity and Lineage Remodeling by a Nutritional Environment Relevant to Human Risk for Tumorigenesis. Molecular
Cancer Research. 23, 808-824.

Choi, J., Houston, M., Ye, K., Wang, R., Li, W., Zhang, X., Huffman, D.M., Augenlicht, L.H. (2023). Intestinal stem cell
aging at single cell resolution: impairment of cell cycle and metabolic pathways and reversal by gerotherapeutics. Aging
Cell 22, e13802.

Wolfson, S.J., Hitchings, R, Peregrina, K.,Cohen, Z, Khan, S., Yilmaz, T. Malena, M. Goluch, E.D., Augenlicht, L., Kelly, L.

(2022). Bacterial hydrogen sulfide drives cryptic redoxc.hemistry in gut microbial communities. Nature Metabolism, 4,
1260- 1270.

Li, W., Houston, M., Peregrina, K. Ye, K,and Augenlicht, L. (2020). Effects of dietchoice onstemcell function necessitate
clarity in selection and reporting. Cell Stem Cell 27, 11-12.

Li, W., Zimmerman, S.E., Peregrina, K., Houston, M., Mayoral, J., Zhang, J., Magbool, S., Zhang, Z., Cai, Y., Ye, K.,
Augenlicht, L.H. (2019). The nutritional environment determines which and how intestinal stem cells contribute to
homeostasis and tumorigenesis. Carcinogenesis, 937-946.

Tadesse, S., Corner, G., Dhima, E.,Houston, M., Guha, C., Augenlicht, L., and Velcich, A. (2017). MUC2 mucin def iciency
alters inf lammatory and metabolic pathways in the mouse intestinal mucosa. Oncotarget, 8, 71456 - 71470

Augenlicht, L.H. (2017). Environmental Impact on Intestinal Stem Cell Functions in Mucosal Homeostasis and
Tumorigenesis. J Cell Biochem., 118, 943-952.

Srinivasan, T., Walters, J.,Bu, P.,Than, E. B., Tung, K. L., Chen, K. Y., Panarelli, N., Milsom, J., Augenlicht, L., Lipkin, S.
M., and Shen, X. (2016). NOTCH Signaling Regulates Asymmetric Cell Fate of Fast-and Slow-Cycling Colon Cancer-
Initiating Cells Cancer Research, 76, 3411-3421.

Srinivasan, T., Than, E.B.,Bu, P., Tung, K. L., Chen, K. Y., Augenlicht, L., Lipkin,S. M. and Shen, X. (2016). Notch
signaling regulates asymmetric division and inter-conversion between Lgr5 and bmi1 expressing intestinal stem cells.
Science Reports, 6, 26069.

Peregrina, K, Houston, M, Daroqui, C, Dhima, E, Sellers, RS and Augenlicht, LH. (2016). Vitamin D is a determinant of
mouse intestinal Lgr5 stem cell f unction. Carcinogenesis 36, 25-31.

Augenlicht, L.H. (2014). Hidden ef f ects of chow diets. Science 346, 710.

Bastie, CC., Gaffney-Stomberg, E., Lee, T-W, Dhima, E, Pessin, JE., and Augenlicht, LH. (2012). Dietary cholecalcif erol
and calcium levels in a Western-style defined rodent diet alter energy metabolismand inflammatory responses in mice. J.
Nutrition, 142, 859-865.

Wang,D., Peregrina, K. Dhima, E., Lin, E., Mariadason, JM, and Augenlicht, LH. (2011). Dietary induced risk for sporadic
intestinal cancer inthe mouse targets reprogramming of villus cells. Proc. Nat. Acad. Sci, USA. 108, 10272-10277.

Daroqui, MC.and Augenlicht, LH (2010). Transcriptional attenuation incolon carcinoma cells in response to butyrate. Cancer Preven
Res., 3, 1292-1302.

Wang. D., Pezo,RC, Corner,G.,Sison, C.Lesser, ML, Shenoy, SM, Mariadason, JM, Singer, RH, and Augenlicht, LH. (2010).
Altered dynamics of intestinal cell maturation in Apc1638N/+ mice. Cancer Research., 70, 5348-5357.

Yang,K, Popova,N, Yang,WC, Lozonschi,|. Tadesse,S, Kent,S, Bancroft,L, Matise,l, Cormier,RT, Scherer,S, Edelmann,W,
Lipkin,M, Augenlicht,L and Velcich,A (2008). Interaction of Muc2 and Apc on Wnt signaling and in intestinal
tumorigenesis: potential role of chronic inf lammation. Cancer Research, 68, 7313-7322.

Yang, K., Newmark, H.,Rigas, B., Bancroft, L., Corner, G., Livote, E., Lesser, M., Edelmann, W., Velcich, A., Lipkin,M. and
Augenlicht, L.H. (2008). Dietary induction of colonic tumorsinamouse model of sporadic cancer. Cancer Research 68,
7803-7810.
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CULTURED RED BLOOD CELLS:

We have developed a method to produce genetically engineered human red blood cells by
differentiation of human induced-Pluripotent Stem Cells. We have several ongoing projects
aiming at producing large amount of genetically homogenous, genetically modified red blood
cells that will be used as reagent red blood cells and for transfusion of allo-immunized sickle cell
disease patients, and as carrier for replacement therapy of a variety of diseases including TTP
and hemophilia A.

GENE THERAPY:

We are studying the biology of hematopoietic stem cells in the context of sickle cell disease and
have developed a CRSPR-based methods to perform knock-in of mini-circles in human
hematopoietic stem cells for gene therapy of hemoglobinopathies and other genetic disorders
affecting erythroid cells.

FOR MORE DETAILS: https://www.einstein.yu.edu/faculty/4981/eric-bouhassira/

Selected References:

Olivier E, Zhang S, Yan Z, Bouhassira EE. Stem cell factor and erythropoietin-independent production
of cultured reticulocytes. Haematologica. 2024 Apr 11. PMID: 38618684

Boulad F, Maggio A, Wang X, Moi P, Acuto S, Kogel F, Takpradit C, Prockop S, Mansilla-Soto J, Cabriolu A,
Odak A, Qu J, Thummar K, DuF, Shen L, Raso S, Barone R, DiMaggio R, Pitrolo L, Giambona A, Mingoia
M, Everett JK, Hokama P, Roche AM, Cantu VA, Adhikari H, Reddy S, Bouhassira E, Mohandas N,
Bushman FD, Riviére |, Sadelain M. Lentiviral globin gene therapy with reduced-intensity conditioning
in adults with B-thalassemia: a phase 1 trial. Nat Med. 2022 Jan;28(1):63-70.

OlivierEN, Zhang S, Yan S, Suzuka S, Roberts K, Wang K, Bouhassira EE. PSC-RED and MNC-RED:
Albumin-free and low-transferrin robust erythroid differentiation protocols to produce human
enucleated red blood cells Exp Hematol. 2019 Jul; 75:31-52. e15

Wang K, Guzman AK, Yan Z, Zhang S, Hu MY, Hamaneh MB, Yu YK, Tolu S, Zhang J, Kanavy HE, Ye K,
Bartholdy B, Bouhassira EE. Ultra-High-Frequency Reprogramming of Individual Long-Term
Hematopoietic Stem Cells Yields Low Somatic Variant Induced Pluripotent Stem Cells. Cell Rep. 2019
Mar 5;26(10):2580-2592.e7.

Bartholdy B, Lajugie J, Yan Z, Zhang S, Mukhopadhyay R, Greally JM, Suzuki M, Bouhassira EE.
Mechanisms of establishment and functional significance of DNA demethylation during erythroid
differentiation. Blood Adv. 2018 Aug 14;2(15):1833-1852
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The highly specialized intestinal immune system faces the challenge of tolerating foreign nutrients and the
symbiotic microbiome, while providing protective immunity against pathogens. Antigen-presenting cells (APCs)
are key players in orchestrating intestinal homeostasis, finely tuning different immune responses by presenting
luminal antigens and inducing functional differentiation of CD4+ T cells into regulatory or pro -inflammatory
subsets. Dysregulation of this critical balance can lead to severe disease such as food allergy and inflammatory
bowel diseases (IBD) both of which lack efficient therapies. Attempts to design such treatments will benefitfrom
a deeper understanding of the nature of immune cell communication that dictates tolerance or inflammation to
food and microbes, a decades-long technical challenge in the field. Furthermore, immunological events that take
place in early life have profound and long-lasting impact in adulthood susceptibility to disease. The neonatal
intestine is a unique environment primed for establishing immune tolerance to microbiota and dietary antigens,
however we still lack detailed understanding of the cellular and molecular basis for this phenomenon. It therefore
offersthe opportunity to uncover exciting biology during this important window of opportunity to prevent diseases
before their onset.

Despite its importance, the spatial and temporal organization of APC-T cell interactions that guide intestinal
immune outcomes remains poorly understood. We recently discovered that there is a division of labor between
different APC subsets in the presentation of dietary and pathogen-derived antigens, likely as a mechanism to
prevent food-specific Th2 responses even amid strong type 2 immunity driven by helminth infection. We
hypothesize that APCs specialized for different functions exist in the intestine and that continuous dynamic
reprogramming of APCs subsets by luminal content dictate tolerance or immunity to food and microbes.
Leveraging powerful new tools that we developedthe application to study cell-cellinteractions in the intestine, we
aim to define the principles of immune education in the gut across three biologically connected contexts:
colonization by commensals, dietary antigen exposure, and maternal transmission of antigens via breastmilk.
Together, these studies will reveal how distinct APC programs shape the fate of T and B cells across
development, and how their misregulation leads to disease, enabling both the rational design of targeted
immunotherapies and opening the door to new line of investigation at the intersection of cellular communication,
mucosal immunology and developmental biology.

Selected publications:

1. Canesso MCC*", de Castro TBR, Nakandakari-Higa S, Lockhart A, Luehr J, Bortolatto J, Parsa R, Esterhazy
D, Lyu M, Liu TT, Murphy KM, Sonnenberg GF, Reis BS, Victora GD, Mucida D. Identification of antigen -
presenting cell-T cell interactions driving immune responses to food. Science. 2025 Mar. PubMed PMID:
39700315; PMCID: PMC12017586.

2. Canesso MCC, Cassini-Vieira P, Moreira CF, Luong S, Rachid MA Martins FS, Teixeira MM, Vieira AT,
Mackay CR, Barcelos LS. Dietary fiber improves skin wound healing and scar formation through the metabolite-
sensing receptor GPR43. J Invest Dermatol, 2023 Mar 23. PubMed PMID 36965576.

3. Nakandakari-Higa S, Parsa R, Reis BS, Carvalho RVH, Mesin L, Hoffmann HH, Bortolatto J, Maramatsu H,
Lin PJC, Bilate AM, Rice C, Pardi N, MucidaD, Victora GD, Canesso MCC”. A minimally-edited mouse model
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for infection with multiple SARS-CoV-2 strains. Front Immunol. 2022 Nov14. PubMed PMID 36451809,
PMC9703079.

4. Canesso MCC*, MoreiraT G*, FariaAMC*. Compartmentalization of gutimmune responses: mucosal niches
and lymph node peculiarities. Immunol Lett. 2022 Oct. PubMed PMID 36309158.
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Single Molecule Imaging of Transcription Factors Involved in Cancer, Hematopoiesis and Ageing

Human tumorigenesisis a complicated process marked by a loss of the cell’s ability to regulate critical cellular
processes, such as transcription, RNA processing and translation, leading to uncontrollable cell growth. As our
understanding of tumorigenesisbecomes more sophisticated, a combinatorial approach is necessary to better
understand the dynamic coordinated action of very large multi-subunit enzymes and protein complexes
controlling these key cellular processes. Recentadvances in single-molecule imaging provide an unprecedented
spatiotemporal window into probing dynamic functional interactions between these heterogeneous large multi-
subunittranscription assemblies and chromatin in real-time. In addition, high-resolutioncryo-electron microscopy
and genome-wide binding assays allow us to rapidly survey detailed functional interactions on physiologically
relevant substrates with limited amounts of samples. Armed with these advanced in vitro and in vivo approaches,
our lab seeks to gain a mechanistic understanding of how transcription complexes dynamically regulate
expression of tumor suppression, hematopoietic, and metabolic pathways and how these processes are altered
in disease.

Specifically, we apply these tools to mechanistically dissecthow transcription factors, includingp53, GATAZ2, and
PU.1, communicate with multiple transcription assemblies, such as chromatin remodeling factors (PBAF), core
promoter recognition factors (TFI1ID), PARP1 and RNA Polymerase Il, to circumnavigate the repressive effects
of chromatin on transcription. We are also applying these same strategies to study how oncogenic mutants of
p53 and chromatin-remodeling complexes mechanistically function to promote tumor formation. Our long-term
goal is to determine the molecular origin of cancer and additional diseases related to hematopoiesis dysfunction,
eye development and ageing using our multi-disciplinary approach centered around advanced single molecule
imaging, genome-wide studies, and structural biology.

Development of single molecule imaging systems to study how transcription factors alter chromatin
structure and requlate transcriptional bursting

Tounderstand how proteins engage chromatin at high temporal and spatial resolution, our group has established
numerous in vitro and in vivo systems utilizing high-resolution co-localization, single molecule FRET, and
dynamic live cell imaging. Strikingly, our live cell imaging studies find that transcription factors, chromatin
remodelers and metabolic enzymes, including p53, RNAPolymerase |l, PBAF and NMNAT 1, dynamically cycle
on and off the genome in spatial hubs of activity on the timescale of seconds to minutes. The chromatin structure
of underlying target sequences and enzymatic activities associated with the transcription factors/chromatin
remodelers dictate their dynamic cycling and binding kinetics. Oncogenic mutations in transcription factors can
also affect the binding kinetics of associated proteins that are being co-loaded onto the genome. In addition, we
find that single molecule kinetic binding profiles of transcription factorsare associated with different cellular states
during development. Furthermore, we have developedimaging systems to directly assess the enzymatic activity
of chromatin remodelers, metabolic enzymes, and Polymerases when bound to the genome.

In collaboration with Uli Steidl’s and Rob Singer's labs at Einstein, we have also developed alive-cell multicolor
single molecule imaging system to examine how our transcription factors dynamically regulate transcriptional
bursting of genes. Using these imaging systems, we find that patterns of transcription factor binding and
transcriptional bursting display memory effects to fine-tune expression of genes. Current work involves imaging
of mouse primary blood and eye cells from transgenic mouse models. Our studies indicate that transcription
factor dynamics change as cells differentiate allowing us to map out cell state transitions. Future work will develop
additional mouse models and live-cell image-based drug screening platforms that rapidly determine
combinatorial effects of epigenetic inhibitors in different cell types and diseased cells.
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Tumor Micro-Environment of Metastasis

Areas of Research:

Cell biology and biophysics, cancer biology, and the integration and validation of clinical imaging
platforms with high resolution intravital multiphoton microscopy. Development of multiphoton imaging
technology to identify tumor cell dissemination mechanisms in both primary and secondary tumor sites
during metastatic progression. Development of new optical microscope technology in the Gruss Lipper
Biophotonics Center. Extention of intravital imaging discoveries to cancer standard of care cliniucal

MRI for the developpment of companion diagnostics in the Integrated Imaging Program for Cancer
Research

Professional Interests:

John Condeelis'research interests are in optical physics, cell biology and biophysics, cancer biology and mouse
models of cancer. He and his collaborators developed the multiphoton imaging technology and animal models
used to identify invasion and intravasation micro-environments in mammary tumors. Integration of intravital
multiphoton imaging with computational /systems analysis of living breast tumorsidentified the dominant tumor
cell phenotypes contributing to invasion and dissemination during metastasis. This led to the discovery and
verification of the paracrine interaction between tumor cells and macrophages in vivo, the role of macrophages
inthe migration of tumor cells during HGF- dependent tumor cell streaming to blood vessels and the mechanism
of tumor cell dissemination from primary tumors via TMEM (Tumor MicroEnvironment of Metastasis)
doorways to distant metastatic sites. Based on these results, cell collection techniques, including the in vivo
invasion assay, were developed for the collection of co-migrating macrophages and tumor cells, and
disseminating tumor cells via the blood circulation. Thisled to the discovery of the mouse and human invasion
signatures, and the TMEM doorway, MenaCalc and MenalNV markers for assessing risk of metastasis and
prediction of response in breast cancer patients to both chemotherapy, and receptor tyrosine kinase and tyrosine
kinase inhibitors used to suppress metastasis.

John Condeelis has devised optical microscopes for uncaging, biosensor detection and multiphoton imaging for
these studies, and has used novel caged- enzymes and biosensors to test, in vivo, the predictions of the invasion
signatures regarding the mechanisms of tumor cell dissemination and metastasis. He is one of the founding co-
directors of the Integrated Imaging Program (IIP) dedicated to the integration and validation of clinical imaging
platforms, including digital pathology, with high resolution optical imaging in the Gruss Lipper Biophotonics
Center (GLBPC). He is now the co-Director of the Integrated Imaging Progam (IIPCR) which has extended the
work in the GLBPC and IIP to clinical applications.. The IIPCR isdedicated to curing metastatic cancer. He has
authored more than 370 scientific papers on various aspects of his research.
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Genomic Instability and Cancer in Murine Models

The maintenance of genomic integrity in all organisms requires multiple DNArepair pathways that are involved
in the processes of DNA replication, repair and recombination. Perturbations in these pathways can lead to
increased mutation rates or chromosomal rearrangements that ultimately result in cancer. DNA mismatch
repair (MMR) is one of the repair systems that mammalian cells employ to maintain the integrity of its genetic
information by correcting mutations that occur during erroneous replication. Mutations in MMR genes are
linked to one of the most prevalent human cancer syndromes, Lynch syndrome and a significant number of
sporadic colorectal cancers. At the molecular level tumors that develop in these patients display increased
genomic mutation rates as indicated by increased mutations at microsatellite repeat sequences (termed
microsatellite instability, MSI). MMR in eukaryotes is complex and involves several homologs of the bacterial
MutS and MutL proteins. In mammals, the initiation of the repair process requires two complexes formed by
three different MutS homologs (MSH): A complex between MSH2-MSHG6 for the recognition of single base
mismatches and a complex between MSH2-MSH3 for the recognition of insertion/deletions. The repair
reaction also requires a complex between the two MutL homologs MLH1 and PMS2 that interacts with the
MSH complexes to activate subsequent repair events which include the excision of the mismatch carrying DNA
strand and its re-synthesis. In addition to correcting DNA mismatches, the MMR system mediates an apoptotic
response to DNA damage and both of these functions are thought to be important for genome maintenance
and tumor suppression. We have generated gene targeted mouse lines with inactivating mutations in all the
different MutS and MutL homologs, and also in genes that function in the later MMR steps to study their roles
in genome maintenance and tumor suppression. In addition, we have generated knock-in mouse lines with
missense mutations and conditional knockout mouse lines that inactivate specific MMR functions and/or model
mutations found in humans. Our studies indicate that specific MMR functions play distinct roles in maintaining
genome stability and that defects in these functions have important consequences for tumorigenesis. These
studies have also revealed that MMR proteins play essential roles in class switch recombination and somatic
hypermutation during antibody maturation and the control of meiotic recombination in mammals. We are
currently studying the functions of MMR in intestinal stem cells (ISCs) and cancer stem cells (CSCs) in
preclinical mouse models and howloss of MMR in stemcells affects tumorigenesis and the response of tumors
to novel anticancer treatments including immune therapeutic approaches.
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BIOCHEMISTRY AND GENETICS OF CHROMATIN TRANSITIONS IN DROSOPHILA

Hundreds of millions of base pairs of nuclear DNA are packed into chromosomes. Chromatin, the
nucleoprotein filament of achromosome, has many organization levels. It is the natural state of DNA in the
nucleus and the native substrate for DNA-directed reactions, such as DNAreplication, recombination, repair
and transcription. The assembly of chromatin and dynamic conversion between its different forms are critical
stepsin the maintenance and regulation of the eukaryoticgenome. The goal of ourresearch is to understand
how chromosomes are assembled and how this process regulates the structure and activity of eukaryotic
chromosomes. To systematically study the effectors of chromatin metabolism, we use biochemical
approaches. We also dissect their function in vivo by methods of Drosophila genetics. Moreglobally, we are
trying to elucidate the roles of nuclear enzymes in the hierarchical organization of the chromosome.

1. Nucleosome assembly mechanisms and biological functions of chromatin assembly factors

In vivo, canonical nucleosomes are assembled by two families of proteins, core histone chaperones, such
as NAP-1, and ATP-dependent motor factors, such as ACF (ATP-utilizing Chromatin assembly Factor). ACF
consists of a SNF2-like ATPase ISWI and a polypeptide termed Acf1. We study ATP-dependent chromatin
assembly in vitro to elucidate molecular events that take place during the formation of nucleosomes.

In addition to ACF, two other ISWI-containing complexes, ToRC (comprising Tou, ISWI and CtBP) and
RSF (Rsf1 and ISWI), mediate similar reactions and can functionally substitute ACF in vivo. Our genetic and
cytological analyses implicate the network of ATP-dependent, ISWI-containing chromatin assembly factors
in diverse, partially redundant pathways of regulation of chromatin structure and activity. SNF2-like protein
CHD1 is another ATP-dependent nucleosome assembly factor. It is required for replication-independent
deposition of histones into chromatin in vivo. Specifically, CHD1 is essential during early embryonic
development for deposition of the replacement histone H3.3 into paternal chromatin.

2. Mass spectrometry tools for the analyses of chromatin structure and stable protein complexes

The factors of nuclear DNA metabolism rarely act as individual polypeptides but, rather, within stable
multi-subunit complexes. The existing methods to characterize native complexes suffer from several
drawbacks. Tag-affinity purification of ectopically expressed subunits is prone to an unacceptably high rate
of false-positive IDs. On the other hand, conventional chromatography to achieve apparent homogeneity is
time-consuming and can only be applied to abundant proteins. We have devised, implemented and validated
a highly innovative, streamlined method termed MS-Enabled Rapid protein Complex Identification (MERCI)
to rapidly identify stable native complexes. It relies on partial enrichment of a target protein in sequential
FPLC steps, quantitative shotgun proteomics of chromatographic fractions and correlation analyses. MERCI
allows rapid identification of scarce complexes without a loss of the precision emblematic of the classical
FPLC approach. It makes characterization of native complexes a routine laboratory technique and allows
characterization of trace amounts of protein complexes with a virtually assured result.

3. Higher-order chromatin forms

To reconstitute higher-order chromatin structures, we supplement the in vitro assembly system with
modified core histones, histone variants, linker histone (H1) and heterochromatin proteins, such as
Drosophila HP1a. Chromatin vectors can turn into useful tools in research and therapy. These studies will
also eventually lead to the discovery of techniques to reconstitute functional metazoan chromosomes.

We examined phenotypes associated with the depletion of H1 by RNAiin flies. We discoveredthat H1 is
the major component of heterochromatin and is required to establish its biochemical identity and functional
properties. Forinstance, H1 recruits HMT Su(var)3-9, which mediates methylation of lysine 9 of histone H3
(H3K9), a signature heterochromatin-specific epigenetic mark. We have also demonstrated that H1 is
essential for the faithful regulation of DNA endoreplication in Drosophilalarval cells. H1 negatively regulates
DNA replication in conjunction with a SNF2-like ATPase SUUR (SUppressor of Under-Replication), which in
turn forms a native complex (SUMM4) with an insulator protein Mod(Mdg4).

A prevalent view of heterochromatic silencing is that its physical compaction results in steric exclusion of
regulatory proteins, such as RNA polymerases. In collaboration with G. Karpen (LBNL), we have recently
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shown that the formation of heterochromatin domains is also mediated by liquid-liquid phase separation that
gives rise to a non-membrane-bound nuclear compartment. We demonstrated that HP1a and H1 undergo
demixing in vitro and nucleate into focithat display liquid properties duringheterochromatin domain formation
in early Drosophila embryos. We propose that biophysical properties associated with phase-separated
systems are critical to understanding the behavior of heterochromatin and, potentially, other chromatin forms
that regulate essential nuclear functions.

4. Sperm chromatin assembly and remodeling

In sperm, DNA is compacted with cysteine-rich protamines and protamine-like sperm nuclear basic
proteins (SNBPs) to formenzymatically static sperm“chromatin”. We have begun to analyze protein factors
that mediate SNBP deposition during spermiogenesis and their removal fromDNA after fertilization. It turns
outthat spermchromatin assembly and remodeling is mediated by a group of factors that are similar to core
histone chaperones.

Upon deposition on sperm DNA, protamines/SNBPs are extensively crosslinked via interchain disulfide
bonds. After fertilization, the egg must reverse the crosslinks for efficient eviction of SNBPs. This nuclear
reaction is mediated by specific thioredoxin (TRX) and thioredoxin reductase (TRXR) molecules. We are
investigating biological roles of the evolutionary conserved thioredoxin system in sperm chromatin
metabolism and female fertility. A number of chemical compounds are known to specifically inhibit the
function of TRXand TRXR proteins. We are currently studying their ability to suppressfertilization in the egg
in vivo and testing their utility as novel, non-hormone agents for female contraception.

Selected publications

Emelyanov, A.V., Barcenilla-Merino, D., Loppin, B., and Fyodorov, D.V. (2023). APOLLO, a testis-specific
Drosophila ortholog of importin-4, mediates the loading of protamine-like protein Mst77F into sperm
chromatin. J. Biol. Chem. 299, 105212.

Andreyeva, E.N., Emelyanov, A.V., Nevil, M., Sun, L., Vershilova, E., Hill, C.A., Keogh, M.C., Duronio, R.J.,
Skoultchi, A.l., and Fyodorov, D.V. (2022). SUMM4 complex couples insulator function and DNA
replication control. eLife 11, €81828.

Schoberleitner, I., Bauer, I., Huang A, Andreyeva, E.N., Sebald, J., Pascher, K., Rieder, D., Brunner, M.
Podhraski, V., Omer, G., Cazarez Garcia, D., Rieder, L., Keller, M.A., Winkler, R., Fyodorov, D.V. T, and
Lusser, A.t (2021). CHD1 controls H3.3 incorporation in adult brain chromatin to maintain metabolic
homeostasis and normal lifespan. Cell Reports 37, 109769.

Strom, A.R., Emelyanov, A.V., Mir, M., Fyodorov, D.V., Darzacq, X., and Karpen, G.H. (2017). Phase
separation drives heterochromatin domain formation. Nature 547, 241-245.

Andreyeva, E.N., Bernardo, T.J., Kolesnikova, T.D., Lu, X., Yarinich, L.A., Bartholdy, B.A., Guo, X., Posukh,
0.V., Healton, S., Willcockson, M.A., Pindyurin, A.V., Zhimulev, I.F., Skoultchi, A.l., and Fyodorov, D.V.
(2017). Regulatory functions and chromatin loading dynamics of linker histone H1 during endoreplication
in Drosophila. Genes Dev. 31, 603-616.

Emelyanov, A.V., and Fyodorov, D.V. (2016). Thioredoxin-dependent disulfide bond reduction is required
for protamine eviction from sperm chromatin. Genes Dev. 30, 2151-2156.

Emelyanov, A.V., Rabbani, J., Mehta, M., Vershilova, E., Keogh, M.C., and Fyodorov, D.V. (2014).
Drosophila TAP/p32 is a core histone chaperone that cooperates with NAP-1, NLP, and nucleophosmin
in sperm chromatin remodeling during fertilization. Genes Dev. 28, 2027-2040.

Lu, X., Wontakal, S.N., Kavi, H., Kim, B.J., Guzzardo, P.M., Emelyanov, A.V., Xu, N., Hannon, G.J.,
Zavadil, J., Fyodorov, D.V.T, and Skoultchi, A.l.T(2013). Drosophila H1 regulates the genetic activity of
heterochromatin by recruitment of Su(var)3-9. Science 340, 78-81.

Emelyanov, A.V., Vershilova, E., Ignatyeva, M.A., Pokrovsky, D.K., Lu, X., Konev, A.Y.,and Fyodorov, D.V.
(2012). Identification and characterization of ToRC, a novel ISWI-containing ATP-dependent chromatin
assembly complex. Genes Dev. 26, 603-614.

Konev, A.Y., Tribus, M., Park, S.Y., Podhraski, V., Lim, C.Y., Emelyanov, A.V., Vershilova, E., Pirrotta, V.,
Kadonaga, J.T., Lusser, A., and Fyodorov, D.V. (2007). CHD1 motor protein is required for deposition
of histone H3.3 into chromatin in vivo. Science 317, 1087-1090.



MATTHEW GAMBLE, Ph.D.
Professor

Golding BLDG. - ROOM 203
718 430-2942
matthew.gamble@einsteinmed.edu

MacroH2As, histone variants with diverse roles in gene expression and DNA damage responses
— The macroH2A-type histone variants (which include macroH2A1.1, macroH2A1.2 and macroH2A2) have roles
in tumor suppression, cellular senescence, activation and repression of transcription, promotion of DNA repair
and suppression of the reprogramming of differentiated cells into stemcells. MacroH2As are typified by a histone
H2A-like region fused by aflexible linker to a C-terminal macrodomain, a ligand-binding domains whose functions
is modulated by binding to poly(ADP-ribose) produced by afamily of poly(ADP-ribose)polymerases. MacroH2A1
regulates the expression of genes found within its large chromatin domains which can span hundreds of
kilobases. Through changes in its expression and/or alterations in its genomic localization, disruption of
macroH2A1’s tumor suppressive functions are common in cancer; alterations of macroH2A transcription and
splicing occur in a variety of cancers including those of lung, breast, colon, ovaries, endometrium, bladder,
testicles, and melanocytes. Consistently, macroH2A1 loss in primary cells is sufficient to trigger an oncogenic
gene expression profile. We are interested in many aspects of macroH2A biology. 1) How are macroH2As
targeted to specific regions of the genome? 2) How does macroH2A1.1 in collaboration with PARPs regulate
gene expression? 3) How does macroH2A1 regulate chromatin accessibility at enhancers? 4) How does
macroH2A participate in DNA repair? 5) What regulates macroH2A1’s alternative splicing?

Genomic context and enhancer function — Enhancers are key regulatory elements that can affect the
transcription of their target gene even when found many kilobases upstream or downstream of the promoters
they regulate. Consequently, enhancers can reside both in intergenic regions of the genome and within gene
bodies. Our recent work demonstrates that the rule governing enhancer function are distinct for intergenic and
gene body enhancers. In order to regulate transcription enhancers must maintain the accessibility of their
chromatin, mediate the recruitment of critical cofactors and interact with target promoters over long linear
distances through looping. We have shown that the histone variant macroH2A1 promotes the accessibility
specifically of intergenic enhancers. In addition, we have demonstrated that acetylation of histone H2B on lysine
120is critical for the recruitment of the transcriptional cofactor, BRD4, to intergenic enhancers but not gene body
enhancers. By utilizing machine learning models, we continue to explore the distinct factors that regulate the
function of these two classes of enhancers.

Interplaybetween transcriptional elongation rates and alternative splicing — Alternative splicing is a crucial
aspect of gene expression, allowing agene to yield functionally distinct products, the abundance of which are
regulated by cellular cues. Splicing dysregulation is central to several cancers and developmental diseases.
Alternative splicing can be regulated through the recruitment of splicing factors which promote or repress distinct
splicing events. Splicing largely occurs co-transcriptionally, and so, splicing outcomes are also affected by
aspects of the transcription process and chromatin environment. The local elongation rate of RNA polymerase I
is one aspect of transcription with important consequences on splicing outcomes. A barrier to progress in the
field has been the lack of a high-throughput assay to measure splicing rates in mammalian cells. To address
this, we have developed SKaTER-seq (Splicing Kinetics and Transcript Elongation Rates through sequencing).
With this assay, we are exploring a myriad of factors that regulate splicing, including elongation rate, gene
architecture, binding sites for RNA binding factors, chromatin structure and histone modifications. With this
powerful approach we will determine the underlying causes of spicing alterations in disease.
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Kinase signaling pathways in adult blood development and blood cancers

My lab studies the signal transduction pathways that affect the early fate decisions of adult
hematopoietic stem cells (HSCs) as they progress from an undifferentiated multipotent state to the
generation of differentiated blood cells. When these early fate decisions go awry, this can lead to the
formation of leukemic stem cells, which can initiate leukemia and contribute to relapse after treatment.
We use a combination of genetically modified mice, cell lines, and patient samples to explore the
mechanisms by which signaling pathways maintain both normal and leukemic hematopoiesis. We are
also interested in other post-translational modifications that regulate self-renewal and differentiation
decisions in leukemic stem cells.

Roles of the PI3 kinase isoforms in adult blood development

PI3 kinase (PI3K) is a lipid kinase that is important for the regulation of metabolism, the cell cycle,
apoptosis, protein synthesis, and autophagy. In hematopoietic cells, there are four isoforms of the
catalytic subunit of PI3K, each encoded by a separate gene. Emerging evidence suggests that these
isoforms have unique functions in normal and cancer cells, but may substitute for each other in some
contexts. We have generated a series of mouse knockout models that allow us to study the roles of
each of these isoforms individually in adult hematopoiesis. We have found that deletion of multiple PI3K
isoforms impacts normal HSC function, including self-renewal, proliferation after infection or
chemotherapy treatment, and differentiation along different blood lineages. Strikingly, we found that
deletion of all 3 PI3K isoforms that are needed to transduce cytokine and growth factor signals results
in a phenotype resembling human myelodysplastic syndrome (MDS), a pre-leukemic disease in which
blood production is impaired. We are now using this PI3K triple knockout mouse model to study the
mechanisms of MDS initiation and progression to acute myeloid leukemia (AML) and to identify new
therapeutic targets for MDS.

Roles of signaling pathways in blood cancers and their interaction with the microenvironment

Activation of the PI3K pathway has been reported in up to 80% of acute myeloid leukemia (AML) cases,
and we have found that leukemic cells have specific dependencies on PI3K isoforms that are not
observed in healthy blood cells. We are now exploring how PI3K cooperates with epigenetic regulators
in LSCs, and how PI3K in leukemic cells can promote evasion of the immune system. In addition, we
recently discovered that RON kinase can be a new potential therapeutic target in a blood cancer called
myeloproliferative neoplasms (MPN). Future work will focus on understanding the mechanisms of RON
signaling and regulation in MPN cells, and on strategies for therapeutic targeting of RON inthis disease.

We are also identifying and studying the roles of new secreted factors and their signaling pathways in
the bi-directional crosstalk between HSCs or leukemic cells and their bone marrow microenvironment.
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My lab is interested in two interlocking areas of stem cell biology and cancer biology: the molecular
pathways that regulate the normal stem-cell fate in the mammary gland, and the role of stem cell
fate/pathway dysregulation in breast cancer pathogenesis.

Role of stem cell plasticity in tumorigenesis

Using in vitro organoid culture and in vivo lineage tracing strategies, we have identified novel unipotent
stem/progenitor cells that are responsible for the development of distinct mammary epithelial cell
lineages and may serve as origins of distinct breast cancer subtypes. We have also uncovered a crucial
role of de-differentiation of these unipotent cells to multipotent stem-like cells in breast cancer malignant
progression. Our ongoing work focuses on determining the mechanisms of de-differentiation to
multipotency, dissecting the interaction of de-differentiated stem-like cells with the host immune system,
developing strategies for targeting these pre-cancer stem cells.

Function of stem-cell pathways in breast cancer progression and metastasis

Emerging evidence suggests that normal stem-cell pathways often get activated aberrantly in cancers
and contribute to aggressive cancer behaviors. Identification of key normal stem cell regulators provides
us a framework to understand how breast cancer stem cells are regulated. We are particularly interested
in understanding the role of stem-cell regulators in controlling metastatic colonization, a rate-limiting step
of the metastatic cascade that involves cancer stem cells. We recently identified a key role of epigenetic
regulator MLL3 mutation in enhancing stem cell activity and promoting the formation of aggressiv e
cancer cells with hybrid epithelial-mesenchymal characteristics. In addition, we are interested in how
cancer stem cells are regulated by and interact with the tumor immune microenvironment.
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The central research goal of the Ito Lab is the expansion of our understanding of the regulatory pathways
controlling the equilibrium of healthy and malignant hematopoietic stem cells. At the core of ourwork is the
process of stem cell division, and the resulting balance between self-renewal and differentiation, which directly
impacts tissue homeostasis. We are also devoting increased attention to targeting cellular metabolism and/or
mitochondrial physiology as atherapeutic strategy and are cutting a path along the leading edge of research into
the role of epigenetic-microRNA crosstalk, including physiologically relevant Ten-eleven translocation, in the
pathogenesis of myelodysplastic syndrome. We believe our expertisein stem cell biology, hematology, and the
bone marrow microenvironment, combined with our development of single cell approaches and live imaging
to track stem cell fate in vivoand leukocyte behavior in sickle cell disease animal models will facilitate
a major contribution to theimprovement of transplantation ef ficiency and the development of new therapies, and
potentially even cures, for many forms of hematologic pathology.
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Cell Death and Mitochondrial Biology: Fundamental Mechanisms and Roles in Heart Disease

Past work

The most basic decision that any cell makes is to grow, differentiate, or die. Our laboratory studies
fundamental mechanisms of cell death and the roles of celldeath in heart disease. | had the opportunity to
help establish the field of cardiac cell death research and have focused on this areafor the past ~30 years.
Although my ultimate goal is to impact cardiac disease, | have taken a basic approach to discovery. Our
past work has resulted in the following findings:

Fundamental contributions

* Delineation of anovel class of death-fold interactions (Molecular Cell, 2004)

* Delineation of a signaling pathway through which mitochondrial state is sensed to set cellular
sensitivity to ferroptosis (Molecular Cell, 2024)

* Development of the first mitofusin modulators, their structural basis of action, and effects on
metabolism and cell death (Nature, 2016; Science, 2018; Nat Commun, 2022).

+ Demonstration that the mitochondrial ATP synthase is a negative regulator of the mitochondrial
permeability transition pore (PNAS, 2023)

Contributions to understanding cell death in heart and related diseases

» First demonstration that most cell death during reperfused myocardial infarction (MI/R) is mediated
by regulated cell death programs (JCI, 1997, Circ Res, 1999; JMCC 2000; Circulation, 2000, 2003,
2003; AJP 2003)

+ First demonstration that cardiomyocyte death contributes mechanistically to the pathogenesis of
heart failure (JCI, 2003)

+ Discovery that BAX, whose canonical function in apoptosis is permeabilization of the outer
mitochondrial membrane, promotes Ca2*-induced opening of the inner mitochondrial membrane
permeability transition pore, triggering necrosis duringMI/R, and the underlying mechanism. (PNAS,
2012)

+ Discoverythat RIPK3, which mediates necroptosis and pyroptosis during MI/R, is activated by ZBP1
—not by RIPK1 as had been previously assumed — providing the first evidence that Z-conformation
(left-handed) nucleic acids are involved in ischemic signaling (Circulation, 2025)

» Discovery of an essential role for BAXin apoptosis, necrosis, and cardiac dysfunctionin doxorubicin-
induced heart failure and development of the first small molecule allosteric inhibitors of BAX that
attenuate doxorubicin-induced cardiomyopathy without compromising anti-cancer efficacy (Nat
Chem Biol, 2019; Nat Cancer, 2020)

* Delineation of roles of the death suppressor ARC in heart disease, diabetes, and cancer (PNAS,
2007; JBC, 2007; Circulation 2011; Cancer Res, 2011; Diabetes, 2013; Sci Rep, 2017)

* Delineation of a novel pathway of pancreatic (3-cell death in type 2 diabetes (Developmental Cell,
2021)

+ Demonstration that peptides which perturb mitofusin 2 conformations can acutely alter ER/SR -
mitochondrial spatial relationships in cardiomyocytes to limit infarct size (Nature, 2016; Nat
Cardiovasc Res, in revision)

Current Work

Over a dozen cell death programs have been recognized to date. Little is understood about how they
interconnect mechanistically or functionally. The overarching goal of our current basic work is to create
a unified framework of cell deaththat integrates seemingly “individual” cell death programs. Our hypothesis
is that these cell death programs are components of an integrated celldeath response that has arisen over
evolution. Our goal is to delineate molecular connections among these cell death programs and to apply this
knowledge to understand myocardial infarct generation and develop therapies to reduce infarct size.


mailto:richard.kitsis@einsteinmed.edu

We are pursuing this theme through the following projects:

1.

Mechanism and therapeutic targeting of RIPK3-driven cell death in MI/R

RIPK3 (receptor interacting protein kinase 3) is a director indirect activator of the four mostimportant cell death programs
that mediate myocardial infarct gen eration: necroptosis, pyroptosis, ferroptosis, and mitochon drial permeability transition-
driven necrosis. As such, RIPK3is aprimetherap eutic targetto red uce infarct size, the clinical importance being that infarct
size is a major determinantof post-infarct heart failure and sudden cardiac death, the drivers of mortality in ischemic heart
disease. Indeed, gen etic deletion or pharmacological inhibition of RIPK3 markedly red uces infarct size in mouse models
of MI/R. Although RIPK3 may be reg ulating several relevant cell death programs within the same cardiomyocyte, our single
cell an alyses suggest the un expected finding that different cardiomyocytes in the same infarct are killed by activation of
different cell death programs. This observation raises the possibility that RIPK3 is activating different cell death programs
in different cardiomyocytes. We are currently working to understand this complex cell death signaling because we believe
thatitwill provide critical insights into infarct gen eration and therap eutic strategies. In addition, we are building up on our
finding that ZBP1 (a sensor of Z-conformation (left-han ded) nucleic acids), rather than RIPK1 as was previously believed,
is the activator of RIPK3 in the context of MI/R (Circulation, 2025). We hypothesize that identification of the specific Z-
nucleic acids thatbind ZBP1 — en abling ZBP1 to activate RIPK3 — will providean entry pointto dissectthelink between
ischemia/rep erfusion and the cell death machinery. From a therap eutic perspective, we plan to complement our mouse
studies showing pharmacological RIPK3 inhibition is cardioprotective using large animal models of MI/R and, pending
ongoing safety studies, apply foran IND to conduct first-in-human trials.

Identification of a novel CASP9-mediated necrosis pathway

CASP9 (caspase-9) is the sole initiator caspase in the mitochondrial apoptosis pathway. It is activated within the
apoptosome, amultiprotein complex in the cytoplasm, which is the only known platform for CASP9 activation in higher
eukaryotes. CASP9 then cleaves and activates effector CASP3 and CASP7, which hydrolyze hundreds of cellular
substrates to bring abo utapoptotic celldeath. We have discovered that CASP9 also mediates necrotic cell death through
a distinctmechanism. CASP9 enzymatic activity is required for necrosis asitis in apoptosis. However, CASP9-mediated
necrosis is indep end ent of APAF 1, the scaffold ofthe apoptosome, and ind epen dentof CASP3 and CASP7, the substrates
of CASP9 that mediate apoptosis. Weare currently attempting to identify the platform that activates CASP9 in necrosis,
the downstream pathway, and the switch that toggles CASP9 between apoptosis and necrosis. CASP9-mediated necrosis
operates in avariety of cell types. Importantly, gene knockout studies show that CASP9 is critical for infarct gen eration
during MI/R, and this involves its necrosis function (independent of APAF1 and CASP3/7). Viable pharmacological
strategies exist to specifically inhibit CASP9 activation. We aimto pursue IND-enabling studies to allow testing in humans.

Manipulating ER/SR-mitochondria relationships to reduce cardiac damage during MI/R
We have previously developed novel peptides and small molecules that conformationally activate or inhibit mitofusins

(Nature, 2016. 540(7631):74-79; Science, 2018. 360(6386):336-341), which arelarge GTPases involved in mitochondrial

fusion and ER/SR-mitochondria tethering. We have employed these reag ents to perturb mitofusins and alter the distance

and overlap between ER/SR and mitochondria, ER/SR to mitochondria Ca2* transfer, cardiomyocyte death, and infarct size

in the context of MI/R (Nature Cardiovascular Research (in revision)). Using these approaches, we have shown that

peptide-mediated mitofusin inhibition red uces infarct size even when administration of the peptide is delayed until

rep erfusion. We plan IND-enabling studies to allow testing in humans.

Molecular determinants of senescence/cell death decisions and implications in aging
Cellular senescence is defined by cell cycle arrest, resistance/altered vulnerabilities to cell death, and an
inflammatory/immunogenic secretory program (SASP) in a metabolically active viable cell. Senescence plays
important functions in development and wound healing, but excessive senescence load isthought to beadriver
of aging through the SASP. We have employed genome-wide CRISPR-based and proteomics screens to identify
mediators thatadjudicate whether a cell under stress becomes senescent or dies. We have used hits from this
screen to identify novel targets for the development of senolytics (drugs that selectively kill sen escent cells). In addition,
we are studyinghow various driversofaging (e.g., lysosomal dysfunction) interact with sen escence-cell death decision
nodes that we have identified. Finally, most senolytics kill by inducing apoptosis. Recently, we have explored the
possibility of utilizing non-apoptotic cell death programs for senolysis. We have found that ferroptosis can be used to
selectively kill sen escent cells. Conversely, we have discovered that resistance to ferroptosis is important in the
acquisition of the senescence state. We are currently delineating the relevant mechanisms.

Function of the mitochondrial ATP synthase in vivo

The mitochondrial ATP synthase catalyzes the formation of morethan 90% of the ATP in eukaryotic cells. To assess the
importance of the mitochon drial ATP synthase foren ergy gen eration and cellularfunction ofan en ergy-demanding cell, we
grad ually depleted this 28-subunit complex in cardiomyocytes of mice in vivo starting at 5-6 weeks of life. This was
accomplished by deleting Atp5/ encoding subunit g, one of the sup ernumerary membrane subunits. Loss of subunit g
preclud es formation of new mitochondrial ATP synthase complexes. Already existing ATP synthase complexes degrade with
a half-life of ~30 days. Mice with cardiomyocyte-specificdeletion of Afp5/remain clinically normal for ~12 weeks post-gene
deletion, atwhich time only ~10% of mitochondrial ATP synthase remains. Cardiac systolic function also remains normal,
although moderate exercise deficits can be elicited by treadmill testing. Quite un expectedly, cardiac ATP concentrations
also remain normal. We are currently performing radioisotope flux studies to understand the compensatory mechanisms
that make this possible. Beginning at 13-14 weeks post-gene deletion, mice begin to demonstrate signs of heart failure,
and echocardiograp hy shows marked systolic dysfunction. Strikingly, cardiac ATP concentrations still remain normal. By
16 weeks post-genedeletion, all micedie. We are currently working to elucidate the mechanism ofthis decompensation,
as it does notappearto be mediated by en ergetic deficits. Ourstudies thusfarindicate activation of a cardiomyocyte death
program, which we are currently attempting to causally link with existing metabolic abnormalities. Thus far, the data show
that there is tremendous reserve in the mitochondrial ATP synthase and that this complex serves critical functions beyond



simplyinsuring ad eq uate ATP gen eration. We have also used these micein other studies to testwhether the mitochondrial
ATP synthase servesin asecond capacity as the mitochondrial permeability transition pore, as proposed by Bernardi and
colleagues. We found that, rather than serving as the mitochondrial permeability transition pore, the mitochondrial ATP
synthase is instead a negative regulator of this pore (PNAS, 2023. 120(51):2303

Publications
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Cell Survival:

Targeting BCL-2 family proteins in leukemias. Our lab has a long-standing interest in targeting BCL-2
family proteins in leukemia. Pre-clinical studies have demonstrated high activity of BCL-2 inhibitor
venetoclax in acute leukemias and have transitioned into clinical trials and eventually FDA approval of this
agent used in combinations for older unfit for chemotherapy AML patients. In the laboratory, we have
focused on mechanisms of resistance to venetoclax and have identified FLT3/MCL-1 and
RAS/MAPK/MCL-1 pathways. We are studying novel RAS and FLT3/RAF inhibitors in the pre-clinical
models of RAS/FLT3 mutated AML, alone and in combination with venetoclax. In ALL and more recent
in subsets of AML, we have demonstrated a role of BCL-XL in addition to BCL-2, in control of apoptotic
threshold. Studies with dual Bcl-2/XL inhibitor and novel -2/XL degraders are ongoing in AML and ALL
models.

Defining BAX activation to overcome apoptotic resistance in AML. Resistance to apoptosis is a hallmark
of AML and a major mechanism underlying resistance to both conventional chemotherapy and targeted
therapies such as venetoclax. Our work aims to define how the pro-apoptotic effector BAX is activated and
restrained in AML cells, and how this knowledge can be leveraged therapeutically. We are developing
functional single-cell approaches to directly measure BAX activation and

apoptotic competence in primary patient samples, enabling identification of leukemia cells that
remain resistant despite treatment. In parallel, we are investigating the molecular mechanisms governing
BAX regulation by anti-apoptotic BCL-2 family proteins and evaluating novel BAX-activating
compounds in combination with BH3 mimetics to overcome apoptotic blockade. These studies seek to
establish BAX activation as both a predictive biomarker of therapeutic response and a targetable
vulnerability, ultimately guiding more effective precision therapies for patients with AML.

Metabolism:

Targeting mitochondrial metabolism in leukemias. Based on pre-clinical findings of high OxPhos
dependency in AML, oxidative phosphorylation (OxPhos) inhibitor TACS-010759 was tested in a first-in-
human Phase I clinical trial in relapsed/refractory AML and showedtargetmodulation, but was discontinued
due to toxicities. The ongoing studies are focusing on exploration of other OxPhosinhibitors in combination
with chemotherapy and targetagents. We demonstrated metabolic dependency of Notch-mutated T-ALL on
OxPhos and sensitivity to [ACS-010759, alone and in combination with chemotherapy (Nature Comm 2022)
and MCT]1 inhibitors. We have an ongoing collaboration on novel mitochondrial inhibitors. We continue
studies aimed at understanding the role of glutamine metabolism and targeting glutamine transporter
SLC38A1 in combination with hypomethylating agents in MDS.

Targeting fatty acid metabolism in AML. Acute myeloid leukemia (AML) cells exhibit a high degree
of metabolic plasticity and rely heavily on OxPhos, fatty acid metabolism, and amino acid metabolism
to sustain their growth, survival, and resistance to therapy. Acetyl-CoA carboxylases are key regulators
of lipid metabolism. We are studying whether targeting key regulators of fatty acid metabolism compromises
the metabolic fitness of AML cells and potentiates Venetoclax-induced apoptosis.

Leukemia Stem Cells and Immune Therapies: Studying the role of CD200 as a novel AML and

MDS LSC marker conveyingimmune-suppressive properties of AML cells. We identified CD200 as

a highly expressed marker on AML LSC and demonstrated that overexpression reduced cytokine
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production and metabolism of T-, NK-cells and macrophages. Targeting CD200
usinga toolanti-CD200 IgG1-antibodyinduced single agent activity and eliminated AML
in immune-reconstituted AML in vivo models, and potentiated efficacy of
Azacitidine/venetoclax in immune-deficient AML PDX models. We are currently
developingnovel anti-CD200 antibodies.Ongoing projects studying therapeutic efficacy of
CD200 targeting in MDS models and the role of CD200 in MDS stem cell biology.

Minimal residual disease and dormancy: In AML, cures with chemotherapy are rare, and
relapses are caused by the persistence of residual dormant AML cells not eradicated by
cytotoxic chemotherapy. To understand mechanisms of persistence and dormancy, we have
generated doxycycline-inducible H2B-GFP AML cells to track non-proliferating cells and
have performed initial unbiased transcriptomic and metabolomic analysis of AML persisters
surviving cytarabine (AraC) chemotherapy. Ourrecent findings indicate that AraCinduces a
senescence-like program accompanied by early activation of the UPR, while prolonged
survival of these cells is associated with enhanced autophagy and lysosomal activity. This
adaptive transition may representa new therapeutic vulnerability in residual AML.

Immune therapies. Our lab has performed pre-clinical studies to determine efficacy and
feasibility of proceeding towards clinical trials of several immune conjugates and CARTs
against AML stem cell antigens. We are testing anovelcombinatorialactivity of CD123 NK-
engager, allogenic NK cells and HMA/Ven in AML pre-clinical models.

Clonal Hematopoiesis:

Association of Clonal Hematopoiesis with micronutrients. Our lab investigates the role of
nutritional and metabolic factors in the developmentand progressionof clonalhematopoiesis
(CH), an age-associated condition that predisposes individuals to hematologic malignancies
such as myelodysplastic

syndromes (MDS) and acute myeloid leukemia (AML). Using large population-scale
genomic resources, includingthe All of Us Research Program and the UK Biobank, we
examine how circulating micronutrients, particularly vitamin B12, vitamin C, and retinol
(vitamin A), as well as metabolic biomarkers, influence CH prevalence, clonal expansion,
mutation-specific patterns, and progression to hematologic disease. By integrating
genomic, clinical, laboratory, and biomarker data from hundreds of thousands of
participants, our research aims to identify modifiable nutritional and metabolic
determinants of CH that may improve risk stratification, early detection, and
prevention of CHIP-associated diseases.
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Gene requlatory mechanisms that mediate lung cancer evolution

Lung adenocarcinoma(LUAD) is the most common subtype of non-small cell lung cancer and remains a
leading cause of cancer-related death. Next-generation sequencing studies have identified a number of
recurrent genetic drivers (such as mutations in KRAS and TP53); however, this somatic variation does
not fully explain key features of cancer evolution including progression toward metastasis and
intratumoral heterogeneity. Our group aims to understand how non-genetic mechanisms contribute to
lung cancer initiation and progression through the lens of chromatin biology.

In genetically engineered mouse modeling studies, cell-type specific transformation of alveolar type I
(AT2) cells with Kras®’2P and loss of Tp53 lead to a natural cancer evolution process that recapitulates
phenotypic hallmarks of human disease. Using this model, our recent work employed single-cell
epigenomics to study dysregulation of chromatin state across lung cancer evolution. We identified a
continuumof heterogeneous chromatin states with reproducible epigenomic features across individual
lung tumors, suggesting conserved routes of cancer progression. Using both functional and
computational approaches, we annotated transcription factor (TF) regulators and downstream gene
programs associated with these diverse chromatin profiles. These discernable generegulatory modules
were linked to certain aspects of cancer progression including loss of cellular identity, inflammation, and
metastasis. Our work also identified the emergence of a pre-metastatic gene regulatory program that
arises in a rare cell population in primary tumors and primes cells for metastatic seeding. We identified
RUNX2 as an important regulator of this cell state and are developing new models to study the role of
RUNX TF biology in lung cancer progression.

Cellular identity is dictated by chromatin structure, which is maintained by a complex network of cis-(e.g.,
enhancer, promoters, and insulators), and trans- (e.g., chromatin modifiers, TFs, and adaptors) factors.
Our previous work found that early stages of LUAD progression are associated with the loss of AT2
identity and the acquisition of epigenomic states similar to developmentally related cell types. We seek
to further understand how lung cancer initiation ultimately leads to decoupling froman AT2 cell identity
and increased epigenomic plasticity. We have recently foundan unexpected connection between lineage
identity and circadian rhythm. In addition, we are interested in investigating how disruption of the tumor
microenvironment influences LUAD cell state. To address these questions, we pairlung cancer modeling
with epigenomic technologies (includingsingle-cell ATAC-sequencing, single-cell multiomic analysis, and
spatial approaches) to dissect mechanisms important for the maintenance and persistence of
dysregulated cell states in lung cancer. We flexibly use genetically engineered mouse models, alveolar
human and murine organoids, and cell-based assays to perform functional studies. We continue to
expand our technological and modeling toolkit to study early and late stages of lung cancer progression
with the overarching goal of better understanding and targeting lung cancer progression.

Research directions in the lab:

1. Perturbation of candidate chromatin regulators associated with aberrant cell states in lung cancer
2. Interrogation of mechanisms that drive epigenomic plasticity and cell identity shifts in LUAD

3. Investigation of the role of the tumormicroenvironment and loss of tissue homeostasis in shaping cell
state in lung cancer cells

4. Utilization of varied single-cell epigenomic technologies to deciphergene regulatory networks in
normal lung and lung cancer cells
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Hematopoietic niches at the crossroads of aging and hematologic malignancies

Our goalis to understand the cellular and molecular regulators of stem cell niches inthe hematopoietic
system. Wef ocus on primary lymphoid organs, the bone marrow, which provides a supportive niche for
hematopoietic stem cells (HSCs), and the thymus, which is essential for the lif elong productionof T
cells.

HSCs are long-lived stem cells responsible for generating billions of red blood cells, white blood cells,
and platelets. These critically important cells reside within the bone marrow in a microenvironment
("niche") that supports their survival, prolif eration, and diff erentiation. Improper control of HSC
maintenance results in awide range of clinical conditions, including anemia, thrombocytopenia, immune
dysfunction, and hematological malignancies. A fundamental aspect of thymopoiesis is the migration of
early T cell progenitors (ETPs)from the bone marrow to the thymus, where they settle in specialized
niches that coordinate T cell lineage commitment, TCR gene rearrangement, and positive and negative
selection, ultimately yielding mature T cell subsets. Disruption of the thymic niche and dysregulation of
thymopoiesis are common f eatures of aging, leading to immune system dysf unction.

Lab projects encompass a broad scope of hematopoiesis biology, ranging from the neural and circadian
regulation of hematopoiesis and thymopoiesis to redox signaling and mitochondrial dynamics in niche
cells. Ourlab's primary focus is to tease apart the interactions between stem and progenitor cells and
their niche. We envision that our novel discoveries will provide a roadmap for developing treatment
strategies to help millions of individuals and theirfamilies suf f ering f rom hematological diseases and
immune disorders.

Lab projects:

|.  Circadian oscillationof hematopoietic stem cells (HSCs) and progenitor egress to peripheral blood is reg ulated
by the Sympathetic Nervous System (SNS). Signals from sympathetic nerves reg ulate circadian rhythms
by targeting mesenchymal stem cells (MSCs) and vascular endothelial cells, respectively, to express

chemokines and cytokines and adhesion molecules. We seek to decipher the mechanisms un derlying circadian

oscillations inthe HSC niche and their impact on hematopoiesis and on pathologies such as aging
and myeloproliferative disorders.

Il.  Our previous work established that signals from SNS control hematopoietic aging and highlight niche-
derived factors as critical reg ulatorsof HSC longevity, therejuven ation of which can directly ben efitag ed stem
cells (Maryanovich et al., Nature Medicine 2018). Future efforts are focused on identifying targets downstream
of the SNS that regulate niche and HSC aging.

Ill.  Myeloid malignancies elicit alterations to the bone marrow niche that promote oncogenic expansion and
eradication of healthy stem cells. The SNS was shown to be protective ag ainst myeloproliferation, as sympathetic
denervation or deletion of B-adrenoreceptors accelerated the development of myeloproliferative disease. Our
work has demonstrated that SNS signals restrainimmune suppression in the leukemic bone marrow niche, and
our ongoing projectfocuses on deciphering mechanisms of immune suppression downstream of the SNS. In
addition, we have identified nociceptive nerves in the bone marrow to protect ag ainst leukemic development and
are investigating the mechanisms involved.

IV. Metabolic activity of niche constituents perturbs their ability to support hematopoiesis. We aim to elucidate the
role of mitochondrial dynamics and metabolism in regulating MSC function both in vitro and in vivo. We are
particularly interested in many aspects of mitochondrial function and theirrolein dictating MSC phenotypes and
HSC support.

V. We are investigating the role ofthe SNS in reg ulating thymus seeding by early T cell progenitors (ETPs) and its
rolein controlling T cell lineage commitment and thymic niche function. Weare developing toolsto study thymus
innervation and thymic niche constituents in the context of thymus regeneration and age-dependent thymic
involution.
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RNA MODIFICATION AND ORGANELLE FORMATION IN HUMAN DISEASE AND
REPRODUCTION

All ribosomal and other stable RNAs are heavily modified by small nucleolar ribonucleoproteins
(snoRNPs). We are studying these processes and how they contribute to the formation of the nucleolus
and other nuclear organelles throughphase separation. Amino acid substitutions in some of the snoRNP
proteins cause genetic diseases, e.g., the bone marrow failure syndrome dyskeratosis congenita with a
predisposition to cancer. We are investigating the mechanisms underlying these diseases on a cellular
level.

SnoRNPsrely on short guide RNAs to specify nucleotides formodification in target RNAs. There are two
major classes of snoRNAs, H/ACA and C/D, guiding pseudouridylation (g) and 2’-O-methylation (CHj3) of
RNA, respectively. Each of these several hundred RNAs are stabilized by the same four snoRNP core
proteins for each class. Some of the core proteins share similar intrinsically disordered domains (IDRs),
that are highly charged and rich in nuclear
localization signals (NLSs) or glycine-arginine-rich
(GAR). The nucleolar snoRNP chaperone Nopp140 ‘/
binds to both the NLS and GAR IDRs of the | “0¢ | o, P
snoRNP core proteins. Additionally, we identified a nucleolus ; &\ {
similar charged NLS IDRin the C-terminal tail of the Pol T \ .
RNA polymerase | subunit PAF49 that also binds to ("100/98"8)
Nopp140 and can mediate interaction with —
snoRNPs. Since RNA polymerase | exclusively
transcribesribosomal DNA, this interaction network
links the rRNA modification machinery to rDNA
transcription explaining the cotranscriptional rDNA : d
modification of rRNA. All these reactions and RNA Polymerase T
interactions occur in the densely packed yet highly
dynamic dense fibrillar component (DFC) of the nucleolus. Transmission electron micrographs of wild
type, Nopp140 knockdown and rescue cells confirmthat the dense organization of the DFC depends on
the presence of Nopp140. We are analyzing this phase separated organelle in vitro and in vivo to
understand the basic mechanism of ribosome biogenesis.

B pre-rRNAs

snoRNPs
/(~200/1x)

We are also investigating the roles of snoRNPs and Nopp140 in other nuclear phase separated bodies,
Cajal bodies, where they modify spliceosomal small nuclear RNAs (snRNAs), required for pre-mRNA
splicing, and where they stabilize telomerase RNA, required for telomere length maintenance.

Finally, we study the function of nucleolar channel systems (NCSs) in human reproduction. NCSs are
micron-sized membranous organelles in the normally membrane-free nucleus. During each menstrual
cycle, they transiently develop during the height of receptivity in endometrial epithelial cells. NCSs are
implicated in the preparation of the endometriumfor uterine attachment of the fertilized egg. We identified
molecular markers for NCSs and exploit them to understand the cellular biology of these enigmatic
organelles and their regulation and function in uterine biology, e.g., the timing of embryo transfer in in
vitro fertilization cycles to boost IVF success rates.
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Genetics of hematopoietic stem cell (HSC) clonal dynamics and leukemia predisposition

Every day, each one of us produce hundreds of billions of specialized blood cells through a process of
hematopoietic differentiation originating fromapool of long-lived hematopoietic stemcells (HSCs). As we
age, some HSCs acquire mutations that causes them and their progeny to expand resulting in the
formation of their own distinct “clones”. This condition known as clonal hematopoiesis is ubiquitous with
advancing age affecting 10%-20% of population by the age of 70 years. Individuals with clonal
hematopoiesis have an increased risk hematological malighancies such as leukemia
and myelodysplastic syndromes. If we could identify and prevent such clones from expanding this can
dramatically reduce risk for blood cancers. Despite its importance, we still don’t understand why these
clones emerge only in some individuals and why only a small subset of such carriers’ eventually
progresses to cancer?

Our laboratory leverages human genetic studies such as genome-wide association studies
(GWAS) and studies on rare families to address these questions. Our goalis to identify and experimentally
study germline risk variants that predispose individuals to clonal hematopoiesis and myeloid malignancies.
Our recent work has uncovered a previously unappreciated mechanism by which inherited genetic
variants influence clonal blood disorders by modulation of HSC function and self-renewal (Bao et al.,
Nature 2020; Bick et al., Nature 2020).

We routinely model geneticrisk variants into primary human hematopoietic stemand progenitor cells using
CRISPR/Cas9 approaches and study their impact on stem cell function and clonal expansion of mutant
HSCs. We are developing engineeredmouse models to study mechanisms of blood cancer predisposition.
Since the majority of these genetic variants are in noncoding genomic regions, we are employing high
throughput approaches that we have developed to systematically test their effects on transcriptional
activity (Nguyen etal., bioRxiv2026, Ulirsch et al., Cell 2016). Our studies will provide critical insights
into how germline variants influence the emergence of clonal hematopoiesis and its progression to
hematological malignancies.

Research Directions

1) Mechanisms of germline predisposition to clonal hematopoiesis and leukemia.

2) Investigation of the role of interactionsbetween germline and somatic variants in shaping
hematopoietic stem cell clonal fitness.

3) Genome engineeringof human normal, preleukemic and leukemic hematopoietic stem and
progenitor cells using CRISPR/Cas9.

4) Application of multiplexed functional assays and genetic screens to prioritize germline genetic
variants underlying clonal blood disorders.
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RNA Processing — Mechanisms and Disease
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Intron removal, adefining feature of eukaryotic cell biology, is catalyzed in two chemical Esnu A—nc EXTER
steps by the spliceosome, a 60S complex composed of 5 snRNAs and >100 proteins. PemRNA l@ Caralyncsrep 1
Our lab studies spliceosome function — components that contribute to the active site

and to substrate selection and positioning — and spliceosomal mutations found in C 8 il

cancer. How do human genetics elucidate critical, but previously unkown, steps in
spliceosome function? We think about the spliceosome a complex engine and want
to understand how it works. C%_AG L —

excised intron mRNA
Catalytic centerinteractions. RNA—RNA base pairing of U2 snRNA to the intron branch site (BS) is essential
for spliceosome assembly and first-step catalysis. We developed an orthogonal system, wherein a second-
copy U2 with a grossly substituted branch recognition sequence mediates splicing of acognate reporter gene.
This produces a non-essential second spliceosome that can be characterized in vivo. These propertles
allowed us to test whether the BS-U2 duplex exists at the time of first-step ()
catalysis. (It does.)
This subsequently allowed us to ask: How is the 3’SS selected for entry to

@ Catalytic Step 2

the second-step catalytic core? This is so far, unknown. The BS-U2 duplex xcrcf ] i
does not remain for the second step. We are using our orthogonal systems to AR —:
elucidate a 3'SS binding site on U2 snRNA, demonstrating that the first-step mons V() U2
branch structure becomes partially unpaired fromU2-GUAGUA, allowing the 3'SS ’1—‘;31‘35“ uac RN

to bind on U2 snRNA. This W-C pairing can then release the 3'SS into the second- First-step core

step core.

Do variant snRNAs make variant spliceosomes? One ‘black hole’ in RNA biology
is the identification of 50-300nt RNAs, missing in modern-day sequencing datasets. Length| Loci
Vertebrate genomes reveal hundreds of snRNAgene loci; with few exceptions, only  uy1 163 143
the most abundant canonical snRNAs have been investigated. We found that vz 190 70
expression of variant-snRNAs changes greatly during development. We are u4 143 91
investigating how these variants impact splice site choice. Us 116 32

U6 106 1333
Splicing and disease. U2 snRNP protein SF3b1 and other U2 proteins are highly U4atac 127 18
mutated in myelodysplastic syndromes, AML, and othercancers. However, there has U6atac 126 41
been no information regarding U2 snRNA mutations. Our analysis of U2 variant loci and novel bioinformatic
pipelines allowed us to interrogate U2 RNA mutations in >1000 whole genome sequences (WGS) from the
Cancer Genome Atlas (TCGA). We identified mutations in both U2-1 and U2-2 snRNAs, within the branch-
recognition stem-loop (BSL), recurrent in bladder cancer (BLCA), lung cancer, and others; we identified the
same mutations in bladder cancer organoid lines (Lee et al., Cell 2018). The BSL contributes to recognition
of the branch site aswellas 3'SS. Using CRISPR-Cas9 edited human celllines, we are investigating molecular

BLCA consequences of these U2 mutations
U2l Bl HH and the mechanism of resultant splicing
23 BN changes, which so far suggests
j| [l [ previously unsuspected functions for U2

— L b4 [a] [ semi [ semw[] snRNP —including a novel role for U2

17 84 99 105112 144147 184187 SNRNPs in splice site repression, rather

BSL = branch recognition stem-loop than on Iy aCt|Vat|On .
BMSL = branch helix-mimicking stem-loop: Wojtek Galej, Science 2022
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Molecular mechanisms of pulmonary vasculature in lung homeostasis, injury
response, repair and regeneration

Endothelial cells (ECs) have increasingly been found to function not only as vascular conduits, but also as
coordinators of organ homeostasis, regeneration, and repair. Endothelial identity is directed during
development and stress adaptation through the coordination of key cell-specific transcription factors, growth
factors, and cell-specific receptors. Endothelial derived autocrine and paracrine signaling are shown to be
critical in homeostasis, injury response, and repair and regeneration in an organ-specific manner. Pulmonary
capillary endothelial cells are fundamental components to the alveolar structure and the establishment of
successful gas exchange. Prior work examining the role of the lung vasculature in murine injury models of
fibrosis revealed that pulmonary ECs are critical for epithelial health and lung repair and regeneration. Our
prior studies, show that re-establishing the pulmonary vascular niche in murine lungs perturbs the development
of emphysema. However, the precise mechanisms that support a healthy lung vascular niche and a disease
state are poorly understood and under studied.

Research into how pulmonary ECs contribute to maladaptive niches in both malignant and non-malignant lung
diseases is a rapidly evolve and critical area of study. Understanding these mechanisms holds the key to
develop effective therapeutic strategies for various lung diseases.

We investigate these fundamental questions using models of Chronic obstructive pulmonary disease (COPD),
pulmonary arterial hypertension (PH), idiopathic pulmonary fibrosis (IPF), and malignant disease states (non-
small cell lung cancer). These diseases have high mortality and patients suffer from lack of advanced
personalized therapies to thwart or reverse disease progression. We use several disease murine models and
in vitro modelsincluding alveolar organoids co-cultured with pulmonary capillary ECs (human and mouse). We
have used these methods to identify key pathways of interest and utilize inducible knock-out and over
expressing murine models in ECs to investigate the functional relevance of these pathways. We perform both
in vivo and in vitro vascular function assays to determine the impact of these pathways on vascular health.

Project areas in the lab include:

e Pulmonary EC derived mechanisms of COPD at the level of the capillary subtypes defined as aerocytes
and general capillaries

¢ |dentification of pulmonary EC identity factors (transcription factors)and their role in homeostasis and
disease pathogenesis

¢ Understanding crosstalk within the alveolar-capillary niche that allows homeostasis, proper injury
response, and disease states

¢ Development of disease model systems using vascularized organoid models

e Assessment of key pulmonary EC function in human samples (tissue, plasma, urine) frombiopsies and
collected in consortiums (e.g Spiromics or PHA consortium)

¢ Identification of downstreamtranslatable therapeutic targets to provide EC therapy as an alternative to
the limited therapies available for these disease states
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Prostate cancer is the prevalent new cancer diagnosis for men in the United States. While early diagnosis has
played an important role in improving patient outcomes, it is expected that about ten percent of new diagnoses
will succumb to the disease. Since must patients who die of prostate cancer develop bone metastasis, our lab
seeks to understand the mechanisms by which the bone microenvironment fosters cancer colonization,
dormancy, and metastatic growth.

The current standard of care formetastatic disease focuses onsuppressing cancer growth. However, thanks to
its unstable genome, the cancer cell is a moving target capable of developing resistance to treatment. In
comparison, the cells surrounding the tumor are genetically normal and respond to the cancer’s presence by
mimicking normal wound repair responses and creating areactive microenvironment. We helped establish that
the same proteins - related to normal wound repair - are made by both the cancer-associated fibroblasts in the
primary tumor and the osteoblasts in the metastatic bone. We hypothesize that this congruent extracellular
matrix composition between the primary tumor and metastatic microenvironments is a key player in cancer
growth, disease progression, and resistance to therapy.

Project areas in the lab include:

Perturbations in bone health as mediators of metastatic dormancy escape. Bone metastases can be
dormant for years, thanks to signals produced by the surrounding healthy bone cells. Understanding how
cancer cells escape dormancy is essential to improve patient outcomes. We hypothesizethat when the bone is
wounded due to cancer treatment (anti-hormone therapy, radiation), or advanced age, bone cells lose the
ability to suppress cancer growth as they shift to a repair mode.

Development of tractable, humanized, in vitro, and in-vivomodes forreactivemicroenvironments. We
have developed several in vitro systems to model the bone microenvironment including bone organoids,
humanized bone scaffolds, and calcium matrices coated on titanium. We use chicken eggs as hosts for
cancer-bone metastasis xenograft modeling.

The role of genome architecture in malignancy progressionand bone biology. Adequate folding of the
long DNA strand within the confined space of the nucleus is essential for normal gene regulation. We use
chromosome conformation capture(Hi-C), transcriptomics and epigenomics to defineareas of the genome that
become misfolded during cancer progression or during stem cell differentiation.
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A major interest of our lab is the organization and regulation of the DNA replicationprogram in
mammalian cells and its effect on gene expression. One area we have been concentrating on the
role of DNA replication in neuronal diseases such as Alzheimer's. Alzheimer’s disease (AD) is a
neuro-degenerative disease that has been studied for more than three decades. Surprisingly after
all this effort, there is still no unequivocal treatment, and the cause is not known.

We are also focused on understanding the role of genomic instability at human chromosomal
fragile sites in cancer and aging.

Genome instability occurs in the early development of many cancers and other diseases and is
thought to be caused by replication fork stalling. This is clinically relevant since most current
cancer therapies are based on radiation or chemotherapeutic agents that stall or block forks.
Manipulating cellular responses to fork stalling may therefore prove crucial in improving
effectiveness of current chemotherapies.

Long term interests:

* Difficult to replicate regions accumulate secondary structures which, if
not properly resolved, may block DNA replication fork movement and
lead to genome instability. We are studying mechanisms to resolve these
barriers for efficient and faithful DNA replication.s The role of DNA
replication of genes involved in neurological diseases such as Alzheimer's.
* Genome protection by telomeres.

* Aneuploidy leading toinfertility and pregnancy loss.

* Mechanisms leading to breaks at sites that result in chromosomal
rearrangements frequently detected in cancer cells.

Current projects include a wide range of interests:

* The replication of genes that exacerbate that Alzheimer's disease. .
* The DNA2 nuclease/helicase can cleave G-quadruplex structures
which are one of the most common non-B structures present in A
DNA. We study the effect on the deletion of DNA2 on DNA MOLECULES EROM CELLS SHOWING

replication.
* Replication of the alpha satellite DNA at centromeres of specific DIRECTION OF REPLICATION

human chromosomes. These include chromosome 21 and the Y chromosome. The Y chromosome is
lost with aging and Alzheimer's disease, and we are studying the replication of this chromosome to
understand more about this loss.
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FOLLOWING THE TRAVELS OF RNA

Our work is focused on the expression and travels of RNA within the cell: from the site of its birth
to its ultimate biological destiny in the cytoplasm where it makes proteins in specific locations.

Our new technology, based on in situ hybridization allows us to visualize specific nucleic acid
sequences within individual cells. Synthetic nucleic acid probes are labeled with fluorochromes.

Subsequently these molecules are hybridized to the celland detected using high
resolution digital imaging microscopy.

We have developed imaging methodologies and algorithms capable of detecting
a single RNA molecule within a cell. This enables the detection of specific nucleic
acid molecules for comparison between normal or cancer cells. This method of
molecular diagnosis is the clinical application of the technology. As an additional
result of this approach, we have found specific RNA sequences located in Single mokculss ofmw
particular cellular compartments. An example is the messenger RNA for beta- being synthesized and
actin, which is located in the periphery of the cell where actin protein is needed (’“',';:,i:‘,o:’;,/m:gg,k"
for cell motility. These transcripts are not free to diffuse, and appear to be

associated with a cellular matrix or skeleton from the moment of their synthesis
through translation.

We are investigating how this spatial information is encoded within the gene and how the RNA
transcript is processed within the nucleus and then transported to its correct compartment in the
cytoplasm, resulting in asymmetric protein distribution.

RNA localization also occurs in yeast. During budding, a nuclear factor represses mating type
switching asymmetrically, only in the daughter cell. This is because the factor is synthesized only in
the bud because the mRNA was transported there by a motor, myosin. This discovery has provided
a model by which to investigate the mechanisms responsible for moving RNA within the cell. For
example, we have constructed genetically altered yeast and vertebrate cells in order to elucidate
the sequences responsible for mMRNA localization. A reporter gene can be "delivered" to a variety of
cellular compartments by using specific sequences, or "zipcodes" from the mRNAs found in those
compartments. These "zipcodes" consist of short sequences in the 3' untranslated region of the

Recently we have developed technology that allows us to image RNA
movement in living cells and tissues and characterize how the motors
connect with and drive the RNA. Recent developments have allowed us
to visualize transcription and RNA life cycle from birth to death in
transgenic mice, including translation of single mMRNAs. We have labelled
a number of genes in mice that are important in neuronal function and can
¢ oty image their mRNAs in cultured neurons and in brain tissue. The imaging
reveals a complicated pathway for the mRNAs to arrive at sites of synaptic
Detection of mRNA movement in contact and translate in order to consolidate proteins into local “hotspots”.
living yeast (Bertrand et al, 1998) | This represents the molecular basis of memory formation.
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Our laboratory is interested in understanding the mechanisms controlling mammalian development
and cell differentiation. We study the epigenetic functions of chromatin proteins and transcription factors in
control of gene expression. Our approaches involve directed gene inactivation and transgenesis in mice and
cultured cell lines. Currently, most of our work is focused on understanding the functions of the H1 linker
histone gene family that encode the most abundant chromatin binding proteins in mammalian cells.

Role of H1 Linker Histones in Chromatin Structure, DNA Methylation, the Histone Code, Gene
Expression and Development in Mice. Recent studies show that posttranslational modifications of core
histones (H2A, H2B, H3, H4) (the Histone Code) play a very important role in control of gene
expression. The H1 linker histones are more diverse than the core histones. Mice and humans express 11
H1 histone proteins including differentiation-specific and tissue-specific subtypes. Mutations in H1 histone
genes are associated with human diseases including many cancers. H1 linker histones are responsible for
the final level of packaging DNA into the compact chromatin structure but we know very little about their role
in gene expression and development. We are studying the functional roles of H1 linker histones by
inactivating (knocking-out) specific H1 genes in mice and cultured mammalian cell lines. We are also
reintroducingmutant H1 linker histones into H1 depleted mammalian cell lines, to perform structure-function
studies. Ourwork has established newrolesfor H1 linker histones in controlling the epigenetic landscape in
chromatin, including in DNA methylation, genomic imprinting, the establishment of the core histone code,
gene transcription and pre-mRNA splicing.
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Molecular Mechanisms in Normal, Pre-Malignant. and Leukemia Stem Cells

Hematopoiesis maintains a life-long supply of the entire spectrum of highly specialized blood cells
dependent on systemic needs. This process relies on a tightly regulated balance of self-renewal,
commitment, and differentiation of a small number of pluripotent hematopoietic stem cells (HSC).

Myelodysplastic syndromes (MDS) and acute myeloid leukemias (AML) arise from transformed
hematopoietic stem (HSC) and progenitor cells. Cell-intrinsic as well as cell-extrinsic aberrations give
rise to a heterogeneous pool of pre-leukemic stem cells (pre-LSC), preceding the formation of fully
transformed leukemia stem cells (LSC). This pool of pre-LSC and LSC is characterized by a relative
resistance to therapy and thereby contributes to treatment failure. As a consequence, and despite the
introduction of newer agents that transiently reduce the tumor burden, relapse continues to be the
most common cause of death in most subtypes of MDS and AML. Defining the molecular
characteristics, plasticity, and regulatory mechanisms governing pre-LSC and their subclonal
heterogeneity, dynamics, and progression is critical to understanding the genesis of leukemia and to
developing therapeutic strategies by which these processes can be interfered with.

Recent findings from our own group and others have demonstrated a critical role of key transcriptional
regulators and mediators of aberrant signaling in the genesis and function of pre-LSC and LSC in AML
and MDS in mouse and human model systems.

The goal of our research is to delineate mechanisms in HSC that drive formation, progression,
and therapeutic resistance of pre-LSC and LSC. To identify and functionally study implicated pathways
we are utilizing stem and progenitor cell subsets isolated by means of multi-parameter high-speed
fluorescence-activated cell sorting. We are using approaches such as quantitative biology at a single-
molecule level, advanced imaging, as well as molecular biological and pharmacological methods for
activation or inactivation of molecular targets, and in vitro as well as in vivo assays for stem and
progenitor cell functions. This allows for assessing the function of candidate mechanisms in normal
and leukemic stem cells.

Overall, our studies in longitudinal models of the preleukemic to leukemic transition in mouse
and human systems provide novel functional and mechanistic insights, as well as lay the groundwork
for the development of targeted preventative intervention strategies (‘leukemia interception’, ‘precision
prevention’) for patients in the future.

Project areas in the lab include:

¢ Mechanisms of leukemia pathogenesis at the (pre-leukemic) stem cell level

e Identification and study of novel molecular mechanisms and pathways governing normal and
malignant hematopoiesis, including stem cell subclonal heterogeneity, plasticity, and competition
(focusing on transcription dynamics and signaling, incl. single-molecule and single-cell studies)

¢ Niche-mediated, cell-extrinsic mechanisms of stem cell regulation and identification
e Development and preclinical testing of novel therapeutics targeting aberrant stem cells

e Translational data science (e.g. integrated analysis of scRNA-seq, CUT&Tag, ATAC-seq, CITE-
seq, spatial transcriptomic and proteomic, advanced niche imaging data; including from
longitudinally sampled, sorted / single stem cells from patients and mouse genetic models)

e Computational biology (e.g. studies of molecular noise, single-molecule tracking +imaging)
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Using CRISPR-mediated Chemical Genetics to Define Oncogenic Transcription Networks
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Degron tags promote rapid degradation of endogenous
proteims. (A) The strategy for editing the AML1-ETO locus
utilizes Cas9, gRNA targeting the last exon, and an HDR
plasmid that will integrate an FKBP-based degron tag,
2xHA, and an mChemry sclectable marker. (B) The resulting
AML1-ETO-FKBP12F36V js then sensitive to the bifunctional
small molecule, dTAG-47. One half of the molecule binds
the the FKBP tag and the second half binds and recruits the
CREN E3 ubiquitin ligase, leading to AMLI-ETO
degradation. (C) dTAG-47 treatment results in the rapid

The disruption of normal gene expression programs is a
hallmark of all cancers. One common way in which this occurs is
through chromosomal translocationthat results in the generation of
gain-of-function transcription factor fusion proteins. For example,
PAX3-FOXO1, arises from the t(2;13) translocation, and is the

defining feature of a subset of highly aggressive, pediatric
rhabdomyosarcoma (RMS), while AMLI1-ETO arises from the
t(8;21) translocation in acute myeloid leukemia (AML). Both of
these translocations target transcription factors that regulate critical
cell fate decisions, and both are thought to be the initiating event
and an ideal therapeutic targetin the cancer in which they arise.
Thus, it is essential to understand how these oncogenic transcription
factors alter transcriptional programs to drive cancer development.
Historically, our ability to understand how  sequence-
specific transcription factors rapidly and specifically alter
transcriptional programs has been limited by atoolbox of very slow
genetic and knockdown strategies that take days to weeks before
transcription factor activity can beassayed. Therefore, while direct
transcriptional effects occur within minutes to hours, these models
take days to establish, which results in the detection of secondary
and/or compensatory transcriptional changes that often mask the
direct/immediate effects of transcription factor disruption. In order
to overcome these technical limitations, we use CRISPR-mediated
genome editing to introduce degron tags into endogenous
transcription factor loci. This chemical-genetic approach allows
rapid transcription factor degradation (minutes to hours) following

PREFRE s G TR EEF i Rire above) treatment, and effectively collapses the timeframe for assaying
transcriptional changes, chromatin states, and genome-wide transcription factor occupancy from days to hours.
We also incorporate proteomics-based methods to identify associated protein complexes and cooperating
transcription factors. Combined, these approaches are allowing us to define the mechanism of action of specific
oncogenic transcription factors (e.g., AMLI1-ETO and PAX3-FOXO1). Moreover, we aim to address fundamental
questions in the transcription field including how oncogenic transcription factors are influenced by and exert
influence over the chromatin landscape, how multiple sequence-specific transcription factors cooperate to fine-
tune gene expression, and how enhancer activity functions to control gene transcription.
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MECHANISMS OF STEM CELL AGING AND TRANSFORMATION

Key Words: Hematopoietic stem cells, cell fate determination, hematopoietic malignancies.

Hematopoietic stem cells (HSC) maintain blood formation throughout our lif etime. Balancing stem cell
regeneration and diff erentiation commitment to produce mature blood cells is quintessential for a healthy
hematopoietic system. Dysregulation of such HSC f ate determination processes can lead to loss of immune
f unction, bone marrowf ailure, and malignant transf ormation during aging. Up to date, very little is known about
the molecular events driving age-related HSC changes and how they contribute to disease. Understanding age-
associated molecularalterations will not only uncover f undamental mechanisms guiding f unction of HSC, but
may also allow for therapeutic intervention to “rejuvenate” aged hematopoietic systems and possibly even
prevent age-associated hematopoietic diseases. Our mission is to clarify the central mechanisms
establishing and guarding sustained hematopoietic stem cell function, particular those that drive
leukemogenesis, if disrupted. We develop innovative genetic mouse models, use ex vivo and in vivo primary
mouse and human stem cell assay systems, exploit lentiviral gene transf er, and apply state-of-the-art molecular
biology and next generation sequencing techniques.

Identification of novel molecular safeguards of adult and cancer stem cells
We previously uncovered a key role of the amount of readily accessible intracellular iron (termed labile iron
pool, LIP) in HSC regeneration (Kao et al., Science TM 2018). Follow-up work elucidated the underlying
molecular mechanism of action and discovered anovel fatty acid metabolism-dependent generegulatory circuit
which erodes during aging (Kao et al. Cell Stem Cell 2024). We moreover described an important role for
another superordinate regulator of fatty acid metabolism, chaperone-mediated autophagy (CMA), in the
maintenance of functional HSC (Dong et al., Nature 2021) in collaboration with Dr. Ana Maria Cuervo and team.
Furthermore, we demonstrated a causative role of minimal dosage alterations of a key transcription f actor
instructing hematopoiesis, PU.1, observed inhematopoietic stem cell aging to myeloid leukemia evolution (Will
et al., Nature Med 2015). Our current ef forts focus onunderstanding how such slight deviations f rom optimal
PU.1 dosagelead to the erosion of PU.1-dependent gene expression programs (Aivalioti et al., Blood Cancer
Discovery 2022), and whether these changes can be used as biomarkers f or myeloid leukemia and early cancer
interception. We also investigate how CMA as well other stress-related and iron-dependent molecular def ense
mechanisms drive leukemic stem cell evolution and maintenance.

Improving stem cell-directed therapies

In collaboration with the late Dr. Paul Frenette, and Drs. Ulrich Steidl and Xin Gao (U Madison), we have recently
uncovered that HSC employ trogocytosis (unidirectional active transf er for membrane material) f rom
macrophages to achieve bone marrow residency (Gao, Carpenter, Boulais et al., Science 2024) opening new
avenues foraugmenting pharmacologic stem cell mobilization protocols which are the bedrock of successful
hematopoietic stem cell transplantation-based therapies combatting life-threatening diseases including cancer,
immune def iciency syndromes, and bone marrowf ailure. Last but not least, we actively engage with academic
and commercial research partners to develop, test and evaluate novel therapeutic options f or patients with
hematologic malignancies (Kao et al., Science TM 2018; Shastri et al., JCI 2018; Okoye-Okafor et al., JEM
2022).
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Transcription Regulation and Cell Signaling Control in Normal B/T Cells and Lymphomas
Molecular pathogenesis of lymphomas situates at the crossroad of lymphocyte development,
and cancer genetics, and involves all aspects of tumor-host interactions. Thus, we constantly draw
upon the most recent advances in these fields to address mechanism questions that are related to
lymphoma initiation, development, and therapeutic response. As each lymphoma entity often relates
to a specific B/T cell activation/differentiation state that is phenotypically “frozen” by the malignant
transformation process, our research also provides valuable insights to the regulatory processes that
govern the normal immune system. Our studies have three major goals: to better understand B and
T cell development in molecular terms, to decipher how this process is perturbed during
lymphomagenesis, and to develop mechanism-based novel therapies to improve patient outcome.

After nearly 2 decades’ of research investigating oncogenic pathways in mature B cell
lymphomas and B cell development, since 2016, the major focus of our research program has
switched to adult T-cell leukemia/lymphoma (ATLL), a fatal malignancy that is uniquely situated at
the crossroad of virology, cancer, and immunology. ATLL is a disease of malignant CD4* T cells that
develops in 4-5% of individuals infected with the human T-cell lymphotropic virus 1 (HTLV-1). The
medium survival of ATLL patients diagnosed in North America is only about 7 months, pointing to an
urgent unmet need in the therapeutic space. Because of the Bronx’s immigrant makeup, the
Montefiore Medical Center treats a sizable fraction of all ATLL cases in the U.S., and thus we have
unique access to ATLL patient samples and unmatched opportunities to perform preclinical and
clinical studies. We recently reported that ATLL patients diagnosed in North American (NA-ATLL)
have a distinct genomic landscape compared to the Japanese cohort (J-ATLL). Specifically, NA-ATLL
is characterized by a much higher frequency of prognostic epigenetic mutations and is targetable
preclinically with DNA de-methylation drugs. Ongoing studies in our laboratory support the concept
that NA- and J-ATLL share similarities in clinical behavior and pathogenesis but also have clear
distinctions in mutation pattern, cell cycle regulation, immunophenotype, and response to
experimental therapeutics. Since host anti-HTLV-1/anti-ATLL immune response plays a key role in
ATLL development, we have also begun to examine how host immunity, in particular CD8* cytotoxic
response, is impacted during ATLL development and therapeutic response. Our preliminary findings
support the concept that for an ATLL treatment to be most effective, ATLL-induc ed
immunosuppression must be overcome along with functional restoration of anti-ATLL CD8* T cell
effector and memory responses. Looking forward, insights uncovered from our ongoing projects are
expected to pave the way for novel pathway-targeted and immune-modulatory therapies for ATLL
patients and possibly other types of T-cell malignancies.

Collaborating with several Einstein-Montefiore research teams as well as other U.S. and
international collaborators, we are working on the following research topics:

1. How do the key ATLL driver mutations contribute to the pathogenesis and cell identity of NA-
ATLL? We are focusing on genes frequently mutated in NA-ATLL cases, including EP300

(encoding p300) and PRKCB (encoding PKCp).
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2. How do the ATLL leukemic cells drive Ag-specific CD8+ T cells into functional exhaustion
during ATLL development?

3. Develope genetically engineered mouse model(s) for ATLL to investigate tumor-immune
interactions.

4. Noveltargeted therapies for NA-ATLL.
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