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Identification of the Transforming EML4-ALK
Fusion Gene In Non-Small-Cell Lung Cancer

Manabu Soda, Hiroyuki Mano, et al.
Nature Vol.448, Aug. 2, 2007

 Small inversion within chromosome 2p results in the
formation of a fusion gene comprising portions of the
echinoderm microtubule-associated protein-like 4 gene
(EML4) and the anaplastic lymphoma kinase gene (ALK)
IN non-small-cell lung cancer (NSCLC) cells.

« Detected in 6.7%0 (5 out of 75) of NSCLC patients.
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Soda et al. Nature 448: 561-566, 2007



Nature Medicineh :&.5:20074£

Nature Medicine 13:1401,

B Lung cancers, including the poorly understood
tumors associated with smoking, may be
triggered by the fusion of two genes, Japanese
researchers reported in August. Formed by a
small chromosomal inversion, the transforming
gene fusion generates an activated kinase, and is
found in seven percent of tumors from smokers
and nonsmokers. Small compounds already
known to inhibit the kinase may be able to treat
the disease. (Nature 448, 561-566)
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, Notable advances
Some of the key papers published in 2007

B How the| heart is put together during
embryonic development has been fextensively
studied, but scientists reported a new: twist to
this story late last year. Three groups isolated
mouse multipotent progenitor cells that can
give rise to three major heart cell types—cardiac
muscle, smooth musclé and endothelial cells. The
findings may help researchers devise
treatments for congenital and adult
heart. disease, (Dev: Cell 11; 723-732;
Cell127,1137-1150; 1151-1165) |
B Platelets live for OI"IJ:Y ten days before they are
removed from the bloodstream; In March, an
Australian team revealed that anuclear apoptosis
is the secret to this platelet lifespan. Antagonism
between the proapaptotic protein Bak and the
antiapoptotic Bl-x; protein sets up the ticking
clock, and targeting this interaction could extend
or limit the life of platelets to maintain healthy
platelet counts. (Cell 128, 1173-1186)

B MiRNAs are key in the battle between viruses
and their host cells, as revealed by four papers
this year. Host cells produce a battery of miRNAs
that shut off HIV gene expression, suppressing
replication of the virus and contributing to latent
infection. But other viruses can make their own
miRNAs to hit back: human cytomegalovirus
expresses miIRNAs that promote the survival of
infected cells. (Science 315,1579-1582; 317, 376-381;
316, 1345-1348; Nat. Med. 13,1241-1247)

B The decades-long search for genes associated
with multiple sclerosis finally bore fruit this
year, as three groups reported a link between
polymorphisms in the interleukin-7 receptor
gene and the disorder. The polymorphisms may
dampen the signaling pathways
downstream of interleukin-7,
potentially affecting the survival
of some inflammatory cells. (Nat.
Genet. 39, 1083-1091; 1108-1113;
N. Engl. ]. Med. 357, 851-862)




Anaplastic Lymphoma Kinase Inhibition In
Non-Small-Cell Lung Cancer

Eunice L. Kwak, et al.

NEJM Vol. 363, Oct.28, 2010.

Most of the patients had little or no exposure to tobacco and
had adenocarcinomas.

The overall response rate was 57% (47 of 82 patients)
27 patients (33%) had stable disease.

A total of 63 of 82 patients (77%) were continuting to
receive crizotinib at the time of data cutoff
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Response to ALK Inhibition
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CH5424802 (RO5424802) for patients with ALK-
rearranged advanced non-small-cell lung cancer (AF-001JP
study): a single-arm, open-label, phase 1—2 study

Seto,T. et al

In the phase 2 portion of the study, 46 patients were
treated with the recommended dose, of whom 43
achieved an objective response (93-5%, 95% Cl 82:1—
98-6) including two complete responses (4:3%, 0-5—
14-8) and 41 partial responses (89:1%, 76:4—96-4).

Lancet Oncology 14(7),590-598,2013



Matching Tumor Types to Drugs Boosts
Lung Cancer Outcomes

Sunday, Apr.18 (2012) (HealthDay ) The number one cancer
killer, lung cancer, may be more susceptible to treatment when
doctors match up targeted drugs to tumors with key genetic
traits, a new study finds.

The study-the first of its kind-found that, overall, 46 percent of
patients with stage 1V (advanced) non-small cell lung
cancer gained control of their disease (a measure of overall
survival) within two months of treatment when doctors matched
chemotherapy to tumor ---
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Oncogenic and drug-sensitive NTRK1
rearrangements in lung cancer

Vaishnavi,A. et al

Both the MPRIP-NTRK1 and CD74-NTRK1 fusions lead to
constitutive TRKA kinase activity and are oncogenic.
Treatment of cells expressing NTRK1 fusions with
inhibitors of TRKA kinase activity inhibited
autophosphorylation of TRKA and cell growth.

fEICH ITAREE M I EFRZFENTRGIEES
BinF

Nature Med .2013:19(11)1469-1471






Monoclonal Antibody
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Safety, Activity, and Immune Correlates of Anti—-PD-1
Antibody in Cancer
Topalian,S.L et al .(USA)

Blockade of programmed death 1 (PD-1), an inhibitory receptor expressed by T
cells,can overcome immune resistance.

We enrolled patients with advanced melanoma, non—small-cell lung cancer,
castrationresistant prostate cancer, or renal-cell or colorectal cancer to receive
anti—-PD-1 antibody.

Among 236 patients in whom response could be evaluated, objective responses
were observed in those with non—small-cell lung cancer, melanoma, or renal-

cell cancer.

Of 17 patients with PD-L1-negative tumors, none had an objective response; 9
of 25 patients (36%) with PD-L1—positive tumors had an objective response (P =
0.006).

Anti—PD-1 antibody produced objective responses in approximately one in four to
one in five patients with non—small-cell lung cancer, melanoma, or renal-cell
cancer.

$iPD-1( programmed death 1 )HiiADEI=HT IR LR
N Eng J Med :2012:366(26)2443-2454



Safety and Activity of Anti—-PD-L1 Antibody

In Patients with Advanced Cancer
Brahmer,J.R.et al (USA)

Blockade of interactions between PD-1 and PD-L1 enhances immune
function in vitro and mediates antitumor activity in preclinical models.

207 patients — 75 with non—small-cell lung cancer, 55 with melanoma, 18 with
colorectal cancer, 17 with renal-cell cancer, 17 with ovarian cancer, 14 with
pancreatic cancer, 7 with gastric cancer, and 4 with breast cancer — had
received anti—PD-L1 antibody.

Antibody-mediated blockade of PD-L1 induced durable tumor
regression (objective response rate of 6 to 17%) and prolonged
stabilization of disease (rates of 12 to 41% at 24 weeks) in patients
with advanced cancers, including non—small-cell lung cancer,
melanoma, and renal-cell cancer.

EITHRICHTEMPD-L1EOREH LM

N Engl J Med: 2012 366(26)2455-2465



Blockade of PD-1 or CTLA-4 Slgnallng in Tumor |mmunotherapy
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Epigenetics
1) DNA methylation
2) Acetylation of Histone

3) Methylation of Histone

4) Non-coding RNA(microRNA)
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Serum miR-21 as a Diagnostic and Prognostic
Biomarker in Colorectal Cancer

Y. Toiyama et al.

High miR-21 expression in serum and tissue
was statistically significantly associated with
tumor size, distant metastasis, and poor
survival.

RKIBEDOZH. FEDbiomarkeréLTHIMMEFEMIR-21{E

Journal of National Cancer Institute 2013, Jun 19 :849



Identification of serum microRNA profiles
In colon cancer

Hofsli E,et al

Twenty mIRNAs were differentially expressed in serum
from stage IV patients compared with controls (P<0.01).

Serum miRNA expression profiling may be utilised
In early detection of colon cancer.

RKBEIZHITAMEmMicroRNADOTOI7AIL

Brtish Journal of Cancer: 2013,108,1712-1719
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BIEFEFEMOOK23 LEMEEERL, 2012 F1=6.2LEIZHTAmicroRNAE
W7 55, F®1

miRNA  REEUE  RELR{EF

FLAYA THEIL TLY S mIRNA
miR-9-1 1q22
miR-10b 2¢31.3 TIAM, HOXD10, TIAM
miR-21 17q23.1 TPM I, PDCD4
miR-27a 19p13.13 ZBTBI0, MYTI
miR-29b1 Tq32.3
miR-29c 1g32.2
miR-93 7q22.1
miR-155 21p21.3 FOXO3A, SOCS1, RHOA
miR-191 3p21.31
miR-196al  17¢21.32 ANXAI
miR-203 14¢32.33
miR-206 opll.2
miR-210 11pl3.3 MNT, RAD32
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miRNA REAVE  RBRET

FLAATHEADLTLIVSmIRNA

let-7 RAS, HMGAZ2, MYC
miR-17 13g31.3 AIBI, CyelinD1, E2F
miR-2{a 13q31.3

miR-34 1p36.22

miR- 100 11g24.1

miR-125a 19q13.41 ERBBZ, ERBB3, BAK, CRAF, MUCI, ERA, RTKN
miR-125b 11g24.1 ERA, ERBB3
miR-141 12p13.31

miR-143 5q32

miR-145 5q32 KTNK, MUCI, ERA
miR-200a/b 1p36.33

miR-205 1g32.2 HER3, VEGFA
miR-206 6pl2.2 ERA

miR-429 1p36.33

miR-497 17p13.1

BIEZFEFEMOOK23 LEMAERA, 2012; F1Z6.2EIZHI1TAmicroRNAZE 55 F*1



BNARBEICBITAMBP/NMAT—h—ELT DmiRNA

HWMEB(RRE) miRNA

. miR-17-5p, miR-21, miR-106a,
Tujiura M (2010)* miR-IOﬁbp (B, let-7a (KA
miR-1, miR-20a, miR-27a,
miR-34a, miR-423-5p (HSIM)
miR-187%*, miR-371-5p,
miR-378 (&Em)

LiuR (2010)

LiuH (2012)™

Konishi H (2012)' |miR-451, miR-486 (3&70)

*areas under receiver-operating characieristics curve

BEFEFEMOOK23 MEpiLsEdt 2012; F1EFI.BMNAIZEITHMIRNAEZHE, 73 &2



BEDFEZEERET LB I AMB P DmIRNA
MEE (RRE) miRNA
LiX (2010)* miR-10b, miR-21, miR-223, miR-338, let-7a, miR-30a-3

Ueda T (2010)"  |let-7g, miR-433, miR-214

Nishida N (2011)* |miR-[25a-5p

Zhang X (2011)® [miR-375, miR-142-5p

KogoR (2011)* |miR-146a

Brenner B (2011)* |miR-195, miR-199a-3p, miR-451

BIEFEEMOOK23 RIER&sEM 2012; E1ZI.EMNAIZEITSAmicroRNAZE, 73 &1
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Identification of microRNASs in the cerebrospinal
fluid as biomarker for the diagnosis of glioma

Baraniskin,A.et al. (Germany)

Inclusion of miR-15b and miR-21 in combined expression
analyses resulted in an increased diagnostic accuracy with
90% sensitivity and 100% specificity to distinguish patients
with glioma from control subjects and patients with primary
CNS lymphoma.

X 8% B D microRNAD glioma (X BIE) MDbiomarkerlZ7% 5

Neuro Oncol.2012;14(1)29-33



DNA Methylation Predicts Survival and Response
to Therapy in Patients With Myelodysplastic
Syndromes

Shen,L. et al

We found that patients with higher levels of methylation,

compared with patients with lower levels, had a shorter
median overall survival

DNA Methylation M™5MDSEE DEFEEI U IZAEITK
TAHEREFHTHENAEETHS

J Clin Oncol 2010:28(4),605-613



MicroRNA-21 in Pancreatic Cancer: Correlation with
Clinical Outcome and Pharmacologic Aspects Underlying Its
Role in the Modulation of Gemcitabine Activity

Giobannetti.E et al, (Netherland)

MicroRNA-21 (miR-21) was reported to be overexpressed
and contributes to invasion and gemcitabine

resistance in pancreatic ductal adenocarcinoma (PDAC).
The aim of this study was to evaluate whether

mMIiR-21 expression was associated with the overall survival
(OS) of PDAC patients treated with gemcitabin.

MicroRNA210) iz BB & [ 2% 9~ Hgemcitabine D
AMECRIETHE

Cancer Res;2010,70(11),4528-4538
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Therapeutic silencing of miR-10b inhibits
metastasis in a mouse mammary tumor model

Reinhardt,L.F. etal. (MIT)

Here we show that systemic treatment of tumor-
bearing mice with miR-10b antagomirs—a class of
chemically modified anti-miRNA oligonucleotide—
suppresses breast cancer metastasis both in vitro and
In Vivo.

MiR-10D;E M %I T 2 LELIEDEREHEET H(THR)

Nature Biotechnol;2010, 28 (4), 341-348



miRNAs that contribute to metastasis (Mouse)




Therapeutic microRNA Delivery Suppresses
Tumorigenesis in a Murine Liver Cancer Model

Janaiah Kota, et al.

Cell Vol.137, June 12, 2009

MIRNA-26a In a mouse model of HCC using
adeno-associated virus (AAV) results Iin
Inhibition of cancer cell proliferation, induction
of tumor-specific apoptosis, and dramatic
protection from disease progression without
toxicity.



AAV-Mediated miR-26a Delivery Suppresses
Tumorigenesis in tet-o-MYC; LAP-tTA Mice
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UH Biochemist Works to Revolutionize Ovarian Cancer Treatment
Preethi Gunaratne Wins Key Grants to Unleash Body’ s Natural Cancer-fighting Agents

December 21, 2010-Houston- The day

when an ovarian cancer patient can treat
her tumor with a single, painless pill instead
of a toxic drug cocktail is the ultimate goal of
the pioneering research of a University of
Houston (UH) scientist.

Preethi Gunaratne, assistant professor in
the department of biology and biochemistry,
is studying a class of tiny genetic molecules

known as microRNAs and pinpointing those

that could unleash the body’ s natural A strong proponent of student success, Preethi Gunaratne
cancer-fighting agents. Additionally, she is is pictured with one of the many students from her lab.
Here, she points out the lllumina Genome Analyzer, a key
piece of equipment used in her research, to graduate
deliver this treatment to the targeted cells by | student Ashley Benham. (Photo by Thomas Campbell)

developing a novel method to effectively
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MicroRNAs 103 and 107 Regulate
Insulin Sensitivity

Mirko Trajkovski,et al.

Nature doi:10.1038/nature10112

- Here we show that the expression of microRNAs 103
and 107 (miR-103/107) is upregulated in obese mice.

- Silencing of mIR-103/107 leads to improved glucose
homeostasis and insulin sensitivity.

microRNA 103&107MRAMV R B ERATH (R R)



MicroRNA-Mediated In Vitro and In Vivo Direct
Reprogramming of Cardiac Fibroblasts to
Cardiomyocytes

T.M.Jayawardena,et al

We identified a combination of miRNAs 1, 133, 208, and 499
capable of inducing direct cellular reprogramming of
fibroblasts to cardiomyocyte-like cells in vitro.

Importantly, administration of miRNAs into ischemic mouse
myocardium resulted in evidence of direct conversion of
cardiac fibroblasts to cardiomyocytes in situ.

MicroRNAIZ & 510 R $R 4 SF MR D 1D A Hl AT

A~ @) in vitro, in vivo reprogramming (¥ X)

Circul Res 2012:110:1465-1473



Plasma microRNA signature as a honinvasive
biomarker for acute graft-versus-host disease

Xiao,B.et.al

Here, we show that plasma samples from aGVHD
patients have a distinct microRNA (miRNA)
expression profile. We found that 6 miRNAs (miR-
423, miR-199a-3p, miR-93*, miR-377, miR-155, and
miR-30a) were significantly upregulated in the
plasma of aGVHD patients (n5116) when compared
with non-GVHD patients.

I 5% 1 D microRNAD / A3 —2 IV R £ GVHD D biomarker| 2755

Blood .2013:122(19),3365~3375



MicroRNA-140 plays dual roles in
Both cartilage development and homeostasis

Miyaki,S. et al. Japan,USA.

miR-140~/~ mice showed age-related OA-like changes
overexpressing miR-140 in cartilage were resistant to
antigen-induced arthritis.

We show that miR-140 regulates cartilage development and
homeostasis, and its loss contributes to the development of
age-related OA-like changes.

MicroRNA-140I3ER B D E R ETEEE DO FICNE

Genes & Development 2010;24,1173-1185
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Clinical trials of antimiR—122 in the
Treatment of HCV

Reviews Rooji,E. van. and Olson R.N.

AntimiR therapeutics (inhibitors of microRNAs)recently became a reatity when
Santaris Pharma reported both the safety and efficacy of its antimiR against
the microRNA miR— 122, miravirsen,

HCVRF X Zxt 9 BantimiR-122N B EzNE (ER)

Natre Reviews Drug Discover :2012,11 ,860-872
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Japan Gets Serious About Creating Its Own NIH

Major Research Initiatives Under
Japan's Health and Medical Strategy*

Cancer: $215 million

Neuroscience: $100 million
Infectious diseases: $61 million
Incurable diseases: $96 million
Medical technologies: $167 million
Regenerative medicine: $164 million
Genomic medicine: $130 million
Drug discovery: $310 million

: . Al SCIENCE
Medical devices: $167 million 2013:341 1053

*proposed 2014 spending
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Accelerating Medicines Partnership(NIH)

National Institutes of Health has partnered with 10 drug
companies and several nonprofit groups to speed development of
biological ways of diagnosing and treating common chronic
diseases.

The first diseases targeted by the Accelerating Medicines
Partnership are Alzheimer's, type 2 diabetes and two autoimmune
disorders, rheumatoid arthritis and lupus.

The partnership will invest more than $230 million over five years
on these initial projects. The data and analyses that result will be
made available to all biomedical researchers.

SOURCE: U.S. National Institutes of Health, news release, Feb. 4, 2014
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Expediting Drug Development —
The FDA’s New
“Breakthrough Therapy”
Designhation

Sherman,R.E et al

New Engl J Med 2013:369(20),1877-1880



FDA Safety and Innovation Act of 2012(FDASIA)

FDA Safety and Innovation Act of 2012 (FDASIA)

1. This designation can be applied only within the context of
a serious or life-threatening disease or condition.

2. It must be predicated on “preliminary clinical evidence
indicating that the drug may demonstrate substantial
improvement over existing therapies on 1 or more clinically
significant endpoints”.

3. Data from studies in animals or conducted in vitro showing
that a drug has promise are not sufficient to justify this
designation. Data from clinical trials in humans are needed.



Drugs with Breakthrough-Therapy Designations Announced as of September 30, 2013

Investigational Drug Designated

as Breakthrough Therapy Indication
Ivacaftor Cystic fibrosis
Ivacaftor—-lumacaftor combination Cystic fibrosis
LDK378 Metastatic non—small-cell lung cancer
Ibrutinib Mantle-cell ymphoma, Waldenstrém’s macro-

globulinemia,chronic lymphocytic leukemia,
small lymphocytic lymphoma

Palbociclib Breast cancer
Lambrolizumab Advanced melanoma
Daclatasvir—asunaprevir—-BMS-791325 Chronic hepatitis C
triple combination

SD-101 Epidermolysis bullosa
Daratumumab Multiple myeloma

Sherman,R.E et al
New EnglJ Med 2013:369(20),1878 Table-1



Drugs with Breakthrough-Therapy Designations Announced as of September 30, 2013.

Investigational Drug Designated
as Breakthrough Therapy

Indication

ABT-450/r—ABT-267—ABT-333 triple
Combination

Obinutuzumab

Sebelipase alfa

Asfotase alfa

Serelaxin

Drisapersen
Sofosbuvir-ledipasvir combination

Bimagrumab
Amifampridine phosphate
Entinostat

Ofatumumab

Volasertib

Alectinib

Genotype 1 hepatitis C
Chronic lymphocytic leukemia
Lysosomal acid lipase deficiency

Hypophosphatasia
Acute heart failure
Duchenne’s muscular dystrophy
Hepatitis C
Sporadic inclusion-body myositis
Lambert—Eaton myasthenic syndrome
Advanced breast cancer
Chronic lymphocytic leukemia
Acute myeloid leukemia

Advanced non-small-cell lung cancer

Sherman,R.E et al

New EnglJ Med 2013:369(20),1878 Table-1




Once a drug is designated as a
breakthrough therapy,

the FDA commits to working particularly
closely with the drug sponsor to devise the
most efficient pathway for generating
additional evidence needed about safety
and efficacy.

Sherman,R.E et al New Engl J Med 2013:369(20),1878
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SPARK

AT STANFORD

Daria Mochly-Rosen
Department of Chemical & Systems Biology

An Expanded Role for
Drug Development in Academia

Daria Mochly-Rosen , Spark at Stanford BRRKZFEFSVAL—1a3F )L —F AT T4TFE4EIURD DL 2013.12.13
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