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Hematopolietic Stem-Progenitor .
Cells

——— L stem cells
U Mature blood cells are short-lived
x e.g. Granulocytes: hrs-days in blood

u Till, McCulloch, Sachs, Metcalf, Thomas, N

and many others ——
x Proposed hierarchal model of hematopoiesis ::-
x Developed HSPC functional assays, providing i

HSPC footprints - ﬁ ey -

In vitro colony-forming units

In vivo transplantation
U HSPCs can be obtained for lab studies
from adult humans in health and with
hematopoietic diseases | ol

blood cells

Donor Type
Reconstitution (% WBC)

§ 3 % %

U _Problem: In vitro CFU-GM/BFU-E assays and in vivo CFU-S and
engraftment assays provided only footprints of HSPCs. For molecular studies,
need to isolate the rare HSPCs.




THE DEVELOPMENT OF BLOOD CELLS
From Undifferentiated Stem Cells to Mature Blood Cells

HSPCs comprise ~1% of marrow

Pluripotent
/W_ \
» Extremely Rore

« CD34 Positive

) @ @ zxmm

Basophils  Eosinophils  Neutrophil  Monocytes  Platelets Red Cells * Common .
Fight Allorgies  Kill Porosites  Kill Bocteria  Kill Bacterio  Blood Clotiing  Carry Oxygen * CD34 Negoive

U Decided that the most interesting hematopoietic system cells were the HSPCs that
sustain the blood-immune system: Need to isolate this needle in the haystack
subset for research and clinical transplant: Worthy target for Mab development



PURIFYING STEM CELLS WITH CD34 SPECIFIC
MONOCLONAL ANTIBODIES

v ° o N e . TABLE I
CD34-Specific Antibodies Bind to Stem & Progenitor Cells S .. . OO —
marrow cells

= b My-10- My-10-
Marrow Cells Unsorted Dull Bright
Blast cells 5.8 6.2 86.6
s c ll Promyelocytes 13.0 7.2 2.8
m Myelocytes 9.0 4.0 0.2
te e Metamyelocytes 10.6 5.8 0.6
Band Forms 5.4 5.4 0.2
Segmented neutrophils 2.6 4.2 1.0
Basophils 0.8 0.8 0.0
Eosinophils 0.0 0.2 0.0
Monocytes 10.4 5.6 6.2
Lymphocytes 27.0 35.2 1.8
Plasmacytes 1.0 0.6 0.2
Erythroblasts:
Orthochromatophilic 10.6 20.0 0.4
Polychromatophilic 0.6 1.8 0.0
Basophilic 1.2 1.2 0.0
Proerythroblasts 1.0 1.8 0.0
- Megakaryocytes 1.0 0.0 0.0
CD34-Specific
Monoclonal
- -
Antibodies
TABLE 1
Colonies in methylcellulose culture after FACS experiment
My-10- My-10-
P - Unsarted- Dull Bright
rogeniftor
Recovered viable cells: [100%]) 97%" 2%"*
CFC-GM colonies per 197 (£62) 2(x1) 11,900 (+2324)
10° cells
Recovered CFC-GM* 9.850 32 4,760
BFU-E colonies per 61 (£6) 4 (£0) 5,200 (£1189)
10° cells
Recovered BFU-E® 3,050 90 2,080

Civin, Strauss, Brovall,
M|y pature Cells Fackler, Schwartz, Shaper
\ J Immunol 1984
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Multicolor FACS Tracing Erythropoiesis

U Loken, Shah, Dattilio, Civin. Flow Cytometric Analysis of Human Bone Marrow:

|. Normal Erythroid Development. Blood 1987
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Fig8. Schematic representation summarizing the characteris-
tics of erythroid cells as they mature. The relative quantities of the

CD34 as an anchor to identify erythroid progenitors



Multicolor FACS Tracing B Lymphopoiesis

U Loken, Shah, Dattilio, Civin. Flow Cytometric Analysis of Human Bone Marrow. Il. Normal
B Lymphocyte Development. Blood, 1987
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Multicolor FACS ldentifying the Earliest CD38- HSPCs in the
CD34+ Cell Compartment

U Civin, Almeida-Porada, Lee, Olweus, Terstappen, Zanjani. Sustained,
retransplantable, multilineage engraftment of highly purified adult human bone
marrow stem cells in vivo. Blood, 1996
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Fig 1. Flow cytometric analysis of adult BM enriched for hematopoietic progenitor cells. Forward light scatter, orthogonal light scatter,
CD34 PerCP, and CD38 APC expression of isolated CD34" adult BM samples. The signals representing CD34"/CD38 cells are displayed in red,
CD34°/CD38  cells in blue, and CD34 cells in gray. The arrows indicate a population which remained consistently present throughout the



CD34+ cells reconstitute hematopoiesis in
transplants for cancer patients: Icon

u Civin, Trischmann, Kadan, Davis, Noga, Cohen, Duffy, Groenewegen, Wiley,
Law, Hardwick, Oldham, Gee. Highly purified CD34-positive cells reconstitute
hematopoiesis. J Clin Oncol, 1996

PURIFYING STEM CELLS WITH CD34 SPECIFIC
MONOCLONAL ANTIBODIES

CD34-Specific Antibodies Bind to Stem & Progenitor Cells

Progenitor
e Cells
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Stem Cells: Hype, Reality, Political Science?

THE NI N MAY 2 2008
— T Gartner Hype Cycle
L_J Peak of Inflated Expectations
l‘- /y -
s ‘ - - -
S (e ' 1s 9 Plateau of Productivity
D i Slope of Enlightenment

Trough of Disillusionment

1 Technology Triggerm
a |

Sometimes | wonder If there s more to life than
unlocking the mysteries of the universe




Purified CD34+ Cells for Laboratory Research

THE DEVELOPMENT OF BLOOD CELLS
From Undifferentiated Stem Cells to Mature Blood Cells

Pluripotent
Stem F: ) STEM CELLS
» Extremely Rare

« CD34 Positive
,» »
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CELLS
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CFU-Eo CFU-GM sug Rare
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Basophils  Eosinophils  Neutrophil  Monocytes  Platelets Red Cells * Common
Fight Allergies  Kill Porasites  Kill Bocteria  Kill Bacteric  Blood Cloting  Corry Oxygen  * CD34 Negative




HSC self renewal is limited, ex vivo

Requlators:

SCF TPO FL
Stem ® IL-1 IL-6 G-CSF
cells IL-3 IL-11 GM-

CSF

G-CSF IL-4 M-CSF

. IL-2 IL-6 Epo  IL-7

Multipotent

progenitors

Committed
0000000 0O

progenitors

U Limited in vitro self renewal capacity appears to be an inherent
| 1t mitation of all types of nadult st

ability to differentiate to multiple tissue types




Transcriptomic clues to molecules that might
be important in stem cells

Expression profiling of purified hematopoietic stem-
progenitor cell subsets to indentify candidate proteins and
microRNAs that might regulate stemness properties

:‘/7,5“ \:“‘ ‘/,\ |

Dotential for extensive self-renewal and differentiation / x / &

« Highly proliferative Sl N g :
gnyp Expansion Maintenarnce

Progenitors -+ Gradual loss of self-renewal capacity
* Gradual loss of multipotency with
lineage fate decisions

Translational goal: High performance
stem cells
= Morphologically recognizable

Stem Cells

Survival
Quiescence

X X X X X

Self-renewal Precursors * Committed to a single lineage
. .. * Limited proliferative capacit

Differentiation P pactty

Fate

specification \-) Mature Cells

: » Morphologically distinct
X Hommg » Committed
» Post-mitotic

Kaplan The Biomedical
Engineering Handbook 2010

(non-lymphocytes)



Genes differentially over-expressed in
CD34*/[Lin/CD38]- HSC-enriched cells

Bone Marrow: 1190Cord Blood: 889

MobilizedBlood: 605

U Special note: 81 genes were
differentially over-expressed in
enriched HSCs from all 3

tissues; these gene products
could be critic-al
nesso

Figure S2A. qRT-PCR Confirmation of Over-Expressed Genes
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gRT-PCR and Serial Analysis of Gene
Expression (SAGE) confirmed ~ all
over-expressed genes

f or HSC nstem

Georgantas Cancer Research
2004




KLF47 mice lacked inflammatory monocytes

Jon Alder, PhD

Bone Marrow

Gr-1
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One gene, one grad student?




But what is KLF4 doing in HSCs and other stem
cells?

Stem Cell
ST-HSC | ¥
Multipotent
pragenitor
Mygloid v
cru-GEMME) cup
4 v | : Committed
| Pro-B Pro-T ¢ progenitor
O wer O owr l l ' © i
Iy :
BFU-E CFU-meg  CFU-M CFU-G CFU-Eo CFU-Baso | Pre-B : v
O 0 . C} 'D C’J : o v
1 ¥
Mature
 'ofo o
am—' %0 T Cell [NK Cell
KLF2
Y

Dendritic Cell

One gene, many grad students???




Mystery intensified: KLF4 induces reprogramming of adult
human fibroblasts to pluripotent ES like state

Retroviral infection
with
OCT4/SOX2/MYC/KLF
4 or OCT4, SOX2,
NANOG, and LIN28

E—l’ﬁ—’

Mature human Transduced pluripotent Reprogrammed fibroblasts could be
fibroblasts (from gtem cells were green  propagated (maintaining undifferentiated
foreskin or adult skin) o Neo-resistant markers) for >20 passages or induced to
were engineered with undergo multilineage differentiation (to
Nanog-GFP or Oct4- form all 3 germ layers both in embryoid
Neo reporter retro- or body assays in vitro and in teratoma
lenti-vectors assays in immunodeficient NOD/SCID
Induction of Pluripotent Stem Cells mice)
from Adult Human Fibroblasts [nduced Pluripotent Stem Cell Lines Derived from Human Somatic Cells

by Defined Factors Junying Yu ™ Maxim A. Vodyauk* Kim Smmga-Otto, Jessica Antostewicz-Bourget ™ Jennfer L.

Kazutoshi Takahashi,' Koji Tanabe," Mari Ohnuki,' Megumi Narita,"? Tomoko Ichisaka,"? Kiichiro Tomoda,® T;., ] . ! A b Iy '3 . 3 N 1
and Shinya Yamanaka'-234 Coll 131, 1.12. November 80, 2007 ilﬂ}lﬁ Shld?1}£1a11: JeffNie.” Gudrun A. Jonsdottir.” Victor Ruotti” Ron Stewart” Tgor I Slukvin ™ James
 Thomson ™

SCIEncexpress /v sciencexpress org / 20 November 2007/ Page 1/ 10 1126sctence 1151526



Regulation of hematopoiesis

LT-Hsc ¢ @ Bone Marrow: 1190 Cord Blood: 889
Y Stem Cell

sT-HsC © @0 v
¥ Multipotant
progenitor
MPP ."F.. v

Myealoid

L:u?hnid
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4 x Ly oy o
[ Pro-T
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AU

Someof the results puzzled us (nexpre
U Why are so many genes required for later development already
expressed in hematopoietic stem cells (e.g. GATA-1, GATA-2, RUNXs,
PU.1)?

UWhy doesnodot this cause HSCs to diff
to develop along the hematopoietic lineage pathways, but held in check

at some post-transcriptional step

Thus, the gene expression profiles provided direction:

U Study the 81 genes that are highly expressed in stem cells vs
progenitors to understand the key properties of stem cells: self-renewal,
differentiation, etc




And for some HSC-expressed mRNAs, the
encoded protein was not expressed

MRNA Expression Protein Expression
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U MicroRNAs (miRs) are a set of ~22bp nocoding RNAs that bind to partially
compl ementary sites in mRNAs (uswually in 3
and/or translation
x 1 miR can regulate multiple mRNAs
x 1 mRNA can be regulated by multiple miRs

(@)

U MiRs may regulate >30% of the human genome, affecting essentially every cellular
process, including cell proliferation and survival
X Which microRNAs are expressed in HSPCs and which mRNAs do they regulate?




Informatic prediction that miRs might negatively regulate
hematopoietic differentiation, like a coiled spring

Self-renewal
LT-HSC

ST-HSC
|

MPP\
p il 128a/181a
mir-146 / \

. bd
= ~ i
CLP CMP
mir- 103107 / "r \ mir-16
‘ EH'Mac GMF MEP
J oT call NK bi-potential
pm-genltur Pro E cell
miri223  Meg F’f°9 mir-221/222
Differentiation
T cells MK Calla B DEI||E| Macrophage Granulocyte Magﬂkarwata Erytnrooytes

Georgantas PNAS 2007




Several thermodynamically-predicted microRNA
targets were verified by luciferase assays

Assay for mRNA specific miR Function 200
y p 1 g ..

180
100-

SCMV Luciferase 3' MCS BGH pA

——]

o Luciferase Cloned 3' UTR BGH pA
| I ] ]| [ ]
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No speciiemR ——— e S 40-
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@ 82y F 00 =z
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microRNAs

Regulation of systems of molecular pathways




MIR-155 over-expression blocked myeloid and
erythroid colony formation from primary cells

FUGW control FUGW-mIiR-155
Myeloid
=
£

Normal donor CD34+ HSPCs were lentivirally transduced with hsa-miR-155/GFP dual
promoter expression constructs. Transduced cells were sorted based on GFP
expression, and grown in standard CFC assays



MIR microarray profiling in HSPC subsets

Selected differentially HSPC-expressed miRs using F-test in
Limma:

U Defines significance of expression changes by comparing between-
group variation to within-group variation (replicates)

U 12 candidates chosen (10a, 146a, 125a, 125b, 99a, 99b, 582, 338 149,
486, 223, 451) i

Due to rarity of these
populations,abone fcr ush

method was used (Scadden Lab O LT-HSC

Journal of Visualized KSL CD34-
Experiments) and 20 mice were FLT3-
pooled for each replicate. ~ R l

Magnetic depletion for lineage AKSLO -KIT+ N
markers (B220, CD3, Terl19, SCA+) @ ST-HSC
GR-1) was followed by KSL CD34+
enrichment for c-kit, a marker i FLT3-

expressed on all HSPC
populations of interest. Enriched

cells were then stained for . L
subset-defining cell surface Kit+Sca- FcRa-mid O MPP KSL CD34+ Diane Heiser

markers and FACS-sorted. CD34-mid / \ FLT3+ lan Kaplan PhD

CMP @ Kit/Sca-mid

IL7RU+
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or my lab tocollaborate with
ustry and investoron microfluidic cell

purification for diagnosis and therapy
2 ongoing NIH STTR grants shared with GPB LLC

PrincetonDeptof Physics
Microfluidic Processing of Leukocytes for Molecular Diagnostic Testing
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MiR-27a and miR-10a were downregulated in many

miR-27a

T-ALL #5
T-ALL #4
T-ALL #3 O
T-ALL #2
T-ALL #1
KARPAS45
MOLT16
MOLT3

(QV

ALL and AML cell lines and human patient samples

: HHHH Uneal I a .H.H.H.H.n.n.ﬂ.”. .n.H.f.n.n.n.H.mn.ﬂ.n.

B-ALL #16
B-ALL #15
B-ALL #14
B-ALL #6
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B-ALL #1
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NALM6
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AML#42
AML#40
AML#33
AML#27
AML#14
AML#8
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AML#1
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miR-10a
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B-ALL #6
B-ALL #4
B-ALL #2
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1M

 E—
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U937
MO7e
KGla
KASUMI1
HL60
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0 — 0 O
i

CD34+HSPC
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MiR-27a and miR-10a levels in acute leukemia cell lines and patient samples
determined by gRT-PCR and normalized to levels in normal CD34+ HSPCs.

A: AML,; B: B precursor ALL (B-ALL); C: T cell ALL (T-ALL)
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OncomiRs and TS miRs

U MiRs play pathophysiologic roles in many
cancers, including leukemias, as

oncogenes or tumor suppressors.

X MIR-17~92 cluster level is upregulated in
lymphomas (Cooperates with MYC, targeting
E2F1, BIM and PTEN to act as an oncomiR)

x MiR-181a is downregulated in poor prognosis CLL
and AML (Targets TCL-1, BCL-2, CD69 and
TCRU, and T8miR)s as a




Hypothesis: MIR-27a and miR-10a function as
TSMIRS In some acute leukemias

MiR-27a

U MiR-27ais found in the miR-23a cluster (consisting of 3 coordinately
transcribed miRs --miR-23a, miR-27a, miR-24-2 -- which are all down-
regulated in many (but not all) cases of AML and ALL).

U Overexpression of the miR-23a cluster induces apoptosis in human
embryonic kidney cells.

0 RUNX1 and BMI1, targets of miR-27a, are essential for normal
hematopoiesis and play important roles in ALL and AML.

MiR-10a

U MiR-10a has recently been found to be downregulated in CML
and to promote USF2 (transcription factor; direct target of miR-
10a)-mediated cell growth.

U HOXAL, a direct target of miR-10a in K562 cells, inhibits
hematopoietic differentiation and contributes to cellular
transformation.



MiR-27a re-expression in acute leukemia cells

slowed growth and promoted cell death
B —— L ——————

MiR-27 resulted in decreased cell growth over time; the effect
was dependent on t-B/e Andoseo of mi
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MiR-27a targeted 14-3-3-d

1.5+

-
T

normalized protein
expression
o
<
|

0.0-
control miR-23a miR-27a miR-24
.- -- 14‘3‘3 9 Kara A. Scheibner, PhD
Asst Professor, UMSOM
— — — v-tubulin §




MIRSINn cancer treatment

But since inefficient clinical delivery of miRs is
problem, drugs that regulate miR levels might
potentially serve as superior antileukemia age

Systemically administered miRs, including 134dR

have cancer treatment efficacy in mice




MIR-34 family members are important
mediators of tumor suppression by p53

oncogene
activation

replication

stress Bcl-2

Cyclin D1

apoptosis
CDK4
- Sy -
2 c-MYC
E2F3
i
SIRT1 ‘ inhibition of
etc. migration

RNA
interference

DNA damage

=
B
S 3

micro-
processing

telomere

N-Myc
shortening,

oxidative stress

From ATBd Mmamily i n c an#elermeiingdCelbDeaihpphdddferentiation.
(2010)




FL-miR-34a reporter

Drug upregulates miR- l
- Mature miR ]

MiR-34a binds to miR
trap transcript

Entire transcript miR binding
degraded by RNA sSequence
mechanism

FL signal decreases

Xiaochun Chen PhD




Conducted high-throughput screen (HTS)

Johns Hopkins Clinical Compound Library: ~4000 approved
drugs

Seed reporter cells in 384-well plates

Add compounds (final concentration:
10e M)

Incubate cells at 37°C for ~48
hours

Lyse cells and add
substrates (robotic)




HTS data analysis

FL/RL of drug-treated cells was
divided by average FL/RL of
vehicle-treated cells to normalize
to obtain % control signal

FL signal was divided by RL

signal to normalize for cell
number

Potential miR-34a upregulator
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UARIE| 0.6815] 0.7707 |[WISAS) 0.8664] 1.2612| 1.0228| 0.7563| 1.0071| 0.8186| 0.7812] 1.4575| 0.9762| 0.7841] 1.2436] 0.93a1] 1.0846
09033 09348 0.7103| 0.88%6| 0.74%K| 0.8631| 0.5040| 06897 0.736| 0.8728| 0.8012| 1.0711| 1.6588[ 1.1304| 0.7598| 0.7808| 0.7823| 0.8877] 1.0232] 0.9001
0.5667 [ OAGM0| 1.1212| 0.8K17| 1.002R| 0.7355| 0.8483| 0.7917| 1.2253| 0.6517| 1.1181| 0.9K07| 1.0685| 0.9635| 0.837%| 1.0537| 0.7306] 1.1177| 0.6H06] 0.9232
059106 | @4T33] 0.5105]| 1.1602] 0.9978] 0.9250] 0.9711| 0.7565| 1.2482| 1.1125| 1.092%| 1.1141| 0.5322] 1.0028] 0.8115] 0.7843] 0.8268] 0.9737] 0.6822] 0.8472
10093 | 1.0017] 0.6377| 0.7691] 0.9190] 0.5805| 0.9685| 0.7275| 1.2328| 0.9995| 1.1227| 0.6546| 1.0032| 1.0532| 1.0380] 1.7605| 0.8315] 0.9510] 0.7661] 0.7720
05255 09161 1.0022] 0.8760] 0.9265| 1.0216| 1.0732| 1.3356| 0.9092| 1.2423| 0.9424 | OMSH2| 13761 | 0.958K| 1.2971| 0.8RS0| 0.8691] 0.7871] 0.7702] 0.6H56
WAleT| 0.6092] 1.0214] 1.0653] 1.2177] 1.0%81| 12082 0.7764 [D0NSRGS| 0.6957| 1.0335 | 04386| 0.9150] 09111 | 0.7716] 1.0643] 0.8541] 0.9018] 0.7200] 0.7628
0.9406 | 0.8273| 0.6333| 0.9272] 0.9246| 1.2593| 0.7990| 1.0975| 1.0T10| 1.1097| 0.7963| o.67s0| 1.2688| 0.8R26] 1.1002] 1.1766] 1.4067| 0.8305]| 0.6753] 0.6375
0.6434] 0.6482] 0.7802 12176 1.2080| 0.8550] 0.9957 | OMS48| 0.702%| 0.9627| 0.780G| 1.0852| 0.6860| 0.8914] 0.6772| 0.7600] 0.9687| 0.999%| 0.7RET| 1.0026
07578 1.1205]| 0.5132] 0.8613] 0.8867] 1.1314] 1.0423] 11644 0.7752] 0.7310] 0.7043| d.68e1| 0.7245] 0.7501] 0.7687] 0.7034] 1.1093] 0.7923 ] 0.7068] 0.6753
05950 0.9557| 1.155%| 1.1433] 1.25%7| L019%| 10212 0.8573| 0.9208| 0.8540| 1.0293| 0.0044| 13876| 0.5713] 1.0RO3 | 0.5793| 0.9764] 0.569%] 0.8098] 0.9295
0.8706] 1.2365| 1.2362 | OSSRE| 1.5283| 1.9365| 0.7413| 1.4341| 0.8564]| 1.0109] 0.9144 [DSMee| 0.7775| 09312 0.9153| 1.0195| 0.8483| 0.8371] 0.8637] 0.9001

— Potential miR-34a downregulator ( Hito )

N\

Found 244 drug hits that up- or downregulated one or more
of the target miRs (10a, 27a, 344, 150)



Artemisinins

Artemisinin is the active
compound in a But the natural plant

traditional Chinese
herbal treatment for

compound has poor
pharmacological

! properties
malaria
Semisynthetic
derivativesArtesunate Artesunateis the
and Artemether are WHGrecommended
now in use as anti drug for severe malaria
malarial drugs
.. ARTwas most active
Artemisininshave also A 2001 study tested against leukemia

ArtesunateQa | OG A ©.
against 50 cancer cell
lines

6YSIFY DLpnY m>al0 | YR
colon cancer cell lines
oYSFEY DLpnanY H>abd

been shown to have
anti-cancer activity:

ART838is a new. more Obtained from Posner,

7z A y . with whom we have
LJ2 U S Y U2 a0 S established a

derivative collaboration
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rtemisininsinhibited growth of HL60
and ML2myeloid leukemiacell lines
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rtemisininsinhibited growth of 14/14 tested
lymphoid andmyeloid acute leukemiacell lines

Table 1. Sensitivity of human acute leukemia cell linesfidemisinins

Leukemia Type 1G;, (V1) Potency relative to ART***
_ ART ART838 ART8324 ART838 ART8324
ML2 AML 2.1 0.05 0.06 42 35
B-ALL 1.2 <0.06 0.004 20 300
AML 4.3 0.11 0.10 39 43
T-ALL <10.0 0.22 0.07 45 143
B-ALL <20.0 <0.25 <0.06 80 333
AML* 1.0 0.25 0.05 4 20
B-ALL <20.0 <0.5 <0.12 40 167
B-ALL <20.0 <0.5 <0.12 40 167
AML** <20.0 <1.0 <0.06 20 333
B-ALL <20.0 <1.0 <0.12 20 167
AML <20.0 <1.0 <0.25 20 80
REH B-ALL <20.0 <1.0 <1.0 20 20
AML <2.0 ND ND ND ND

CEM T-ALL <20.0 ND ND ND ND
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cell growth

1.5%10%=  Kk5E2 1 -5"1006: K562
J ART 1 ART-838
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— 06 = 06
E 10907 e 202uM E 1061077 & 120uM
8 = Vehicle g -5 Vehicle
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Ime course ofArtemisineffects on

leukemia
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rtemisininsreducedK562 and HL60 colony
formation

. HLG60 - K562
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A cytocidal not merely cytostatic effect: apoptosis = cellular mechanism?
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rtemisininsinhibited growth of
primary human AML and ALL cells

2.5
g 2
o
i
Z 15
£ m AML Case 38
a1
% B AML Case 201
o
o 05 - W B-AlLLCase 1
e
© W B-ALL Case 4
= 0 -

§30

Q




=
l | UNIVERSITY of MARYLAND
Ul SCHOOL OF MEDICINE

olecular mechanism? Signalimgathways possibly activated
by Artemisinin-inducedreactive oxygen species (ROS)

Artemisinins

I

ROS

DNA repair DNA damage

2
! l
BER NHE.

XRCC1 DNA-PKcs l l
Ligase Il PARP-1
o) o

l

But K562 and HL60 leukemia cells lack functional TP53 miR34
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IR-34atransduced cells were progressively cu

competed byuntransducedcells during culture
K562 GFP Competition Assay
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rtemisinintreatment increased pAMiR-34a
and miR34a expression in K562 cells

pri-miR-34a Mature miR34a

on
=]
=
—
]
P
=3

o ART {} -E

g 6001 o me Emn- g /rres
s g .
M + U8«
% 400- g

: ? 60

£ 3001 z

i E 404

a 200 S

] =

2 100 5 20-

r 0 i T + -

0 12 % 3% 48 60 72 0 12 24 36 48 60 T2
Hours Post-Treatment Hours Post-Treatment



=

[ERrsr et
nowncisandtrans regulators of

mIR-34a transcription
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rtemisininsactivated transcription of primiR-34a through 2
segments of its upstream genomic sequence

A Exon1l Intron 3 Exon 2 Relative fold change of
Chr: | Pre-mir-34a FL/RL
1p36 1/ [ I |

-2411 -573 +1

ol 0 3 5 9 12
PAP-FL | ' Firefly Luciferase | Wmm
}{ £ 2 4 5 5 o ||
PAP-FLbam (BamHimutation) [ B Veiceny Luciterase | PPPP022999 2222727227222,
PAP-FLdel (6 bpdetetion) [ X |riretly Luciterase | £222eeeeeeereeeeresereeceess
—> | g OVehicle  WART
p-FL (promoteriess) — ey @ART-838 BART-832-4
B Exon 2’ Intron 2 Exon 1 Intron 3 i
Chr: Relative fold change of
1p36 [ 1 | FL/RL
-1331 -330 +1 +31+132 +291 +985 0 3 6 9 12

NFkBE MFKE p53 ELK1 e

PNPE-FL | '.' . Firefly Luciferase |

—

— .
p-FL (promoteriess) — Firefly Luciferase ] . OVehicle BART
e WART-838B EART-832-4




Determine lead compound effects on human
leukemia cell lines and primary cases, including
primary xenografts ( fprimagraftso)

U Secondary and tertiary validation assays of lead compounds

U Dose titration of best several lead compounds on a panel of human
AML and ALL cell lines in vitro

U Test the best few lead compounds on primary AML and ALL cases
In vitro, including colony-forming assays

U Test the best upregulatory lead compounds and the best
downregulatory lead compounds by primagraft assays



Titrations of transplanted cell dose to quantitate
precursor B ALL LSC frequencies: ALL case#1

ALL case#l

1.E+06 —/U1

1.E+05 »
o 1.E+04 d
8 W Primary 1
E 1.E+03 ' A Primary 2
Q@ ® Dose titration
O 1E+02 °®

OSecondary 1
1.E+01 L AN A Secondary 2
1.E+00 T T T T T T T T T
25 45 65 85 105 125 145 165 185 205

TIme to leukemia (days post-transplant)

- . U
' Ty The transplant of 10 cells was sufficient to

e elicit the generation of a leukemia-like
proliferation in NSG recipients

Time to leukemia was dose-dependent

Unpurified ALL blasts: 106,
10°,104,10% ,10%,10, 1
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Potential for my lab tocollaborate with

iIndustry and investors to discover an
develop drugs that regulateniRs

A Drugs already discovered
A Newdrug screening

-
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unctional assay for growtmhibiting

TSmiRsind growth-promoting OncomiRs
[OC 55T cuture of a cel e

V gg{?é'} Human miR lentivirus library (SBI)

~20% GFP-positive cells expressing 1 miR (or miR cluster) per cell

OOO O Infected population is ®(8§> O
OO O O® cultured for multiple passages O CEQ
O > OO0
@ 2O OGO

Reference (tg) Experimental (t)

Genomic DNA isolation and PCR amplification of lentiviral integration
loci with the external common forward and reverse primers

GRE-qPCR assays to quantify the abundance of each miR-overexpressiong cells

CXC)

1s

(ty/ty)

‘X,
th t 6 1

Fold change
in abundance

§

Wen-Chih Cheng PhL
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entiviralmiRlibrary and quantitation
by nestedgPCR

GFP loading control gPCR assay

—
external common GFP probe e external common
forward primer * GFP primers =» <= reverse primer
S o D) N o I I g ) %

internal miR-specific primer ==p- - internal common reverse primer

= jnternal commeon probe

GRE-qPCR assay

/
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Sizes of the populations containing eacl
miRwere sensitively and reproducibly

monitored by nestedgPCR P

8 § i
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expected ratios of miR-155/miR-222 Corrected Ct values of GRE-gPCR assays

determined using the first batch of PCR amplicons

P as templates
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Patterns of dropdown in population size
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chemicallystabilizedmiR mimics
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Potential for my lab tocollaborate with

iIndustry and investors to attack nove
miRdtargets

Goals:
A Kill leukemia/cancer cells
A Expand stem cells: e.qg.

hematopoieti(:,(:amia/
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