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Evolution of cancer is more complex than the straightforward linear accumulation
of oncogenic mutations. Potentially oncogenic proliferative signals are coupled to
a variety of growth-inhibitory processes, such as the induction of apoptosis,
differentiation or senescence, each of which restricts subsequent clonal
expansion and neoplastic evolution. Tumour progression occurs only in the very
rare instances where these growth-inhibitory mechanisms are thwarted by
compensatory mutations.

The Cancer Gene Atlas

Discovery and saturation analysis of
cancer genes across 21 tumour types

Michael $. Lawrencd’, Petar Stofanov’, Cralg H. Mermel™, James T. Robinson', Levi A, Garrmaway™**, Todd R. Golub'**,
Matthew Meyerson' -, Stacey B Gabnel', Eric §. Lander'*“* & Gad Getz"**

Although a few cancer genes are mutated in a high proportion of tumours of a given type (>20%), most are mutated at
intermediate frequencies (2-20%). To cxphr:ll'nlu‘bﬂhvafcrudng a unpmhendw uzloglndune:rgmel we
analysed somatic point mutations in exome sequences from 4,742 human cancers tched normal-tissue
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samples across 21 cancer rypes. We found that largs
these tumour types. Nanalyshnhlﬂullﬂdhmﬂm Were not p y known mutal
cancer, inchiding genex related to proliferation, apoptosis, genome stability, chromatin regulation, immine evasion,
RNA processing and protein homentniy. Down - nnylllu tulyxh lldkxlcl that Larger sample sizes will reveal many
more genes mutated af clnically imp near. may be achieved with 600 -
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Conventional therapies may shrink tumours by killing mainly cells with limited
proliferative potential. If the putative cancer stem cells are less sensitive to these
therapies, then they will remain viable after therapy and re-establish the tumour. By
contrast, if therapies can be targeted against cancer stem cells, then they might more
effectively kill the cancer stem cells, rendering the tumours unable to maintain
themselves or grow. Thus, even if cancer stem cell-directed therapies do not shrink
tumours initially, they may eventually lead to cures.
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Strategies for gene therapy of cancer

Target cell Strategy Goal Therapeutic gene
Tumor suppressors (p53, Rb, BRCA1)
Innli_r;ition_ of{cancericel Restoration of cell cycle control Antisense oligonucleotides, ribozymes, SiRNAs
proliferation or intracellular antibodies against oncogenes,
cdc2, cyclins, PCNA, tyrosine kinase receptors,
Cancer cells signal transducers, etc.
Transfer of suicide genes | Specific induction of cytotoxicity in Gene activating a cytotoxic pro-drug, for
into cancer cells the suicide gene-expressing cells example HSV-TK
- Selective lysis of cancer cells by viral
Oncolytic viruses = et
Increase of antigenic stimulation by | Tumor-specific antigens (TSAs and TAAs
cancer cells (active il izati
cancer ination) Genes coding for cytokines increasing antigen
stimulation (IL-2, IL-12, IFN-y, GM-CSF)
Genes coding for immunoregulatory cytokines
(IL-2, 1L-12, 1L-7, GM-CSF, IFN-y, IL-6, TNF-a)
Cells of the Increase of the cytotoxic T-cell m o ;
immune system Immunotherapy response against cancer cells Genes coding for co-stimulatory proteins (B7,
ICAM-1, LFA-3)
Genes coding for immunogenic proteins (MHC I
and II alloantigens)
Genetic modification of effector T
cells to redirect them towards cancer | TCR genes
cells (adoptive i )
Hematopoieti Increase of the Transfer of ting toxici
lematopoietic therapeutic index of ransfer of genes preventing toxicity | -y
stem cells (HSCs) cancer chemotherapy of chemotherapy into HSCs
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Target cell Strategy Goal Therapeutic gene
Tumor suppressors (p53, Rb, BRCA1)
’“hli!;“b;‘. of cancer cell | poctoration of cell cycle control Antisense oligonucleotides, ribozymes, SIRNAs
(IEliEkiED or intracellular antibodies against oncogenes,
cdc2, cyclins, PCNA, tyrosine kinase receptors,
Cancer cells signal transducers, etc.
Transfer of suicide genes | Specific induction of cytotoxicity in Gene activating a cytotoxic pro-drug, for
into cancer cells the suicide gene-expressing cells example HSV-TK
- Selective lysis of cancer cells by viral
Oncolytic viruses e
Increase of antigenic stimulation by | Tumor-specific antigens (TSAs and TAAs
cancer cells (active it lizati
cancer vaccination) Genes coding for cytokines increasing antigen
stimulation (IL-2, IL-12, IFN-y, GM-CSF)
Genes coding for immunoregulatory cytokines
(IL-2, 1L-12, 1L-7, GM-CSF, IFN-y, IL-6, TNF-a)
Cells of the Increase of the cytotoxic T-cell N . .
immune system | Immunotherapy response against cancer cells ?ce:ﬁ lmﬂ,:%f)w CoaimERy P,
Genes coding for immunogenic proteins (MHC I
and I alloantigens)
Genetic modification of effector T
cells to redirect them towards cancer | TCR genes
cells (adoptive it )
- Increase of the " -
Hematopoietic therapeutic index of Transfer of genes preventing toxicity Mdr-1
stem cells (HSCs) cancer chemotherapy of chemotherapy into HSCs
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Locked Nucleic Acid

Ethylen-bridged

(LNA) nucleic acid (ENA)

Oligonucleotidi per la terapia genica dei tumori

Gene bersaglio Funzione del gene Nome del Struttura Tipo di tumore
farmaco dell'oligonucleotide
Bcl2 Inibitore dell'apoptosi G3139 Fosforotioato Melanoma, leucemia
(Oblimersen) linfatica cronica,
mieloma multiplo,
carcinoma del polmone
non a piccole cellule
(NSCLC)
Clusterina Chaperon delle proteine | OGX-011 Fosforotioato con Carcinoma della
modificazioni 2-metossietile | prostata, carcinoma
(gapmer) della mammella,
carcinoma del polmone
non a piccole cellule
(NSCLC)
Protein-chinasi Ca Trasduttore del segnale | ISIS 3621 Fosforotioato Carcinoma del polmone
(PKCa) non a piccole cellule
(NSCLC)
Survivina Inibitore dellapoptosi | LY2181308 Fosforotioato con Tumori solidi
modificazioni 2'-metossietile
Myb Oncogene, fattore di LR3001 Fosforotioato con Leucemia mieloide
trascrizione modificazioni 2-metossietile | cronica (purging del
midollo osseo prima del
trapianto)
XIAP (X-linked Inibitore dellapoptosi | AEG35156 Fosforotioato con Leucemia mieloide
inhibitor of modificazioni 2'-metossietile | cronica
apoptosis)
HsP27 Heat shock protein, 0GX-427 Fosforotioato con Carcinoma della
inibitore dell'apoptosi modificazioni 2-metossietile | prostata
STAT-3 Trasduttore del segnale | ISIS 345794 Fosforotioato con Diversi tumori
efattore di trascrizione modificazioni 2-metossietile




Due principali limitazioni degli
oligonucleotidi:

1)l'ibrido tra oligonucleotide e
MRNA & bersaglio della
RNasiH

2)funzionano in maniera
stechiometrica

Ribozymes

i and ii) Group I and II introns, which undergo splicing through an autocatalytic
process.

iiif)  The RNA subunit of E. coli ribonuclease P (RNase P), which is responsible
of the maturation of the tRNA 5' ends. In bacteria, this enzyme consists of
an RNA subunit (M1 RNA), with catalytic activity, and of a protein subunit,
having structural function (in humans, RNase P is composed by an RNA
subunit, the H1 RNA, whose enzymatic activity is only apparent under
specific circumstances, and by 10 protein subunits).

iv) Hammerhead ribozymes, present in the RNA genome of different plant
viroids and virusoids, where they are essential for rolling circle RNA
replication.

v)  Hairpin ribozymes, also naturally present in the satellite RNAs of some
plant viruses, where they participate in viral genome RNA replication.

vi) The hepatitis virus (HDV) pseudoknot ribozyme.

vii) The Neurospora VS satellite RNA ribozyme.

Chemotherapy and
total body irradiation

Anti-bcr/abl
ribozyme for

bone marrow
purging in .
chronic
myelogenous
|eukem|a Patient

Destroy patient’s
remaining bone marrow
and leukemic cells
Harvest sample of

bone marrow

Intravenous injection
of purified stem cells

Failure due to the
presence of CSC
(with bcr-abl
translocation) in the

transplanted BM
Treat with agents
that destroy the
leukemic cells
without harming stem
cells

PURGING
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- enzymatic activity: they bind, cut and move to the next target
- difficult in vivo delivery, rapidly degraded by RNase in serum
- conceived for ex vivo applications (i.e. to block infection

targeting viral receptors)
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DISCOVERIES LEADING TO FDA APPROVAL OF
STI571/Gleevec FOR TREATMENT OF CHRONIC

MYELOGENOUS LEUKEMIA

1960 — Abnormal chromosome 22 (Philadelphia
Chromosome) observed in CML patients

1973 - Chromosome 22 and 9 translocation
observed by new staining techniques

1982 — abl Proto-oncogene identified in
chromosome 22 translocation

1984-1987 — BCR-ABL protein identified as possible
cause of CML

1990 — ber-abl Gene identified as cause of leukemia

in mice
1993 — First STI571/Gleevec laboratory studies begin
1998 — First human tests begin

1999 ~ First human results reported

2001 - April: Larger study confirms earlier findings

2001 — May: FDA approves STI571/Gleevec for
treatment for CML

THERE IS NEW AMMUNITION
IN THE WAR AGAINST

L
| THESE ARE THE BULLETS.
R et 5

Youthful duo snags a swift
Nobel for RNA control of genes

Nobel prize 2006
Physiology and
Medicine to Craig

Mello and Andrew

Fire for their report

on RNAI.

Silenceis golden: Craig Mello (left) and Andrew Fire.

Conclusions of Fire&Mello’s study:

Sense ANA 2 ANA

Wild type Wild typo
C. elegans

Phenotypic effect after injection of single-
stranded or double-stranded unc-22 RNA into the
gonad of C. elegans. The unc-22 gene encodes a
myofilament protein. Decrease in unc-22 activity
is known to produce severe twitching movements.
Injected double-stranded RNA, but not single-
stranded RNA, induced the twitching phenotype in
the progeny.

1) silencing was triggered efficiently by
injected dsRNA, but weakly or not at all
by sense or antisense single-stranded
RNAs.

2) silencing was specific for an mRNA
homologous to the dsRNA; other mRNAs
were unaffected

3) the dsRNA had to correspond to the
mature mRNA sequence; neither intron
nor promoter sequences triggered a
response. This indicated a post-
transcriptional, presumably
cytoplasmic mechanism

4) the targeted mRNA disappeared
suggesting that it was degraded

5) only a few dsRNA molecules per cell were
sufficient to accomplish full silencing.
This indicated that the dsRNA was
amplified and/or acted catalytically
rather than stoichiometrically

6) the dsRNA effect could spread between
tissues and even to the progeny,
suggesting a transmission of the effect
between cells

RNA interference
(RNAI)

Potent and specific

genetic interference by
double-stranded RNA in
Caenorhabditis elegans

Androw Fire*, SiGun Xu*, Mary K. Montgomery*,
Staven A. Kostas*1, Samuol E. Driver: & Cralg C. Mallot
* Carmapie Iratitusion of Weskinghon, Depuriment of Embrrokogr.

118 West Universioy Furkway. Ralnmore, Marpbind 21210, USA

* Bvology Gradase Progrees, Jokns Mophans Unwversicy,

300 North Chardes Strect, Ralimors, Merylond 21218 USA

§ Program dn Molecudar Modicine. Deparmmon of Call Biology.

Universiey of Massechusein Cancer Comer, Twe Basech Swire 215,

373 Phawsation Sereet, Worcoter, Massadhowtes 01605, USA

Experimental introduction of RNA into cells can be used in
certain biological systems 10 interfere with the function of an
endogenous gene', Such effects have been proposed to result
from a simple antiscnse mechanism that depends on hybridiza-
tion between the injested RNA and endogemous messenger RNA
transcripts. RNA interferemce has been used in the nematode
Caenorhabditis clegans 1o manipulate gene expression™. Here we
imvostigate the roquirements for structure and delivery of the
interfering RNA. To our surprise, we found that double-stranded
RNA was substantially more effective at producing interference
than was cither strand individually. Afier injection into adult
animals, purificd single strands had at mast a modest cffect,
whereas double-stranded mixtures caused potent and specific
interference. The effects of this interference were evident in
both the injected animals and their progeny. Only a few molecules
of imjected double-stranded RNA were rquired per affected cell,
arguing against hi i with end.

30 Pablahars Lag vome NATURE|VOL 393 19 FEBFUARY 1998

R il suges g thot there could be o catalytic or amplifica
thom component in the interference process.

C. elegans is a precious tool in
developmental biology:

- it is tiny and grow rapidly

- females are composed of 956 cells

- males are composed of 1031 cells

- the fate of every cell is characterized

siRNA-based gene therapy

Disease

Target gene

Familial hypercholesterolemia

Apolipoprotein B

Age-related macular degeneration (AMD)

VEGF, VEGFR1, RTP801

ic or
multifactorial

(also dominant!!!)

Amyotrophic lateral sclerosis (ALS) SoD1
iseases | Spinocerebellar ataxia type 1 Ataxin 1
Alzheimer's disease Tau, APP

Huntington's disease

Mutated huntingtin allele

Parkinson's disease a-synuclein

Different tumors Bcl-2
- Acute myeloid leukemia (AML) AML1/MTG8

Chronic myelogenous leukemia (CML) Ber-Abl

Glioblastoma MMP-9, uPAR

Hepatitis B HBsAg

Hepatitis C NS3, NS5B, E2

Influenza Nucleoprotein, polymerase
Infectious diseases HIV-1 infection Viral or cellular genes required for viral

replication

HSV-1 infection

Glycoprotein E

Syncytial respiratory virus (RSV)

P, N, L genes




Strategies for systemic delivery of siRNAs
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Pro-drug gene therapy
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Tumor Chemosensitivity Conferred by Inserted Herpes Thymidine Kinase Genes:
Paradigm for a Prospective Cancer Control Strategy’

Frederck . Moohent

s thmiten Mot G, Stk bt 170, st Dot o Mmoo, o Ly ek o M,

ABSTRACT

The lack
issues and some tumors can theoretically be circumveated by & strategy
utilizing gene insertion prophylactically to create tissue mosaicism for
drug sensitivity, thereby ensuring that any tumor arising clooally will
differ from pact of the ormal cel population. Elements of the strategy
were (ested with neoplastic BALB/c murine cel lines bearing the herpes
Exposure to the
substrate  9-{|2-hyd
ablated the clopogeaic poteatial of the cells in virro, and administration
of this drug ta BALB/c mice beariog tumors produced by the cell Lines
uniformly Induced complete regression of the tamors. Tbe observed
cespoases 1o therapy imply that the strutegy wsay prove valuable whea
the genetic technology needed for its buman implementation
available.

tumors in the same mouse. A, Day 13 after PX, tumor inoculation into the right
Bank and TK(=) into the lef flank. Small tumors are visible at each sice. 5, Day
16. Both tamors are growing progressively. Ao 8-day course of HHEMG therapy
is begun. C. Day 23. The PK, tumor has shruok, while the TK(-) tumor has
enlarged. D, Day 37. The PK, tumor has regressed completely; the TK(-) tumor
has continued to grow.

Strategies for gene therapy of cancer

Target cell Strategy Goal Therapeutic gene

Tumor suppressors (p53, Rb, BRCA1)

Inhibition of cancer cell

N Antisense oligonucleotides, ribozymes, siRNAs
" N Restoration of cell cycle control N o i "
proliferation or nti

gainst
cde2, cyclins, PCNA, tyrosine kinase receptors,
signal transducers, etc.

Cancer cells
Transfer of suicide genes | Specific induction of cytotoxicity in | Gene activating a cytotoxic pro-drug, for
into cancer cells the suicide gene-expressing cells example HSV-TK
L Selective lysis of cancer cells by viral
Oncolytic viruses replication
Increase of antigenic stimulation by | Tumor-specific antigens (TSAs and TAAs
cancer cells (active i lizati
cancer vaccination) Genes coding for cytokines increasing antigen
stimulation (IL-2, IL-12, IFN-y, GM-CSF)
Genes coding for immunoregulatory cytokines
(IL-2, 1L-12, 1L-7, GM-CSF, IFN-y, IL-6, TNF-a)
Celisiijtne Immunotherapy Increase of the cytotoxic T-cell Genes coding for co-stimulatory proteins (B7,

immune system response against cancer cells

ICAM-1, LFA-3)

Genes coding for immunogenic proteins (MHC I
and II alloantigens)

Genetic modification of effector T
cells to redirect them towards cancer | TCR genes
cells (adoptive i )

Increase of the
therapeutic index of
cancer chemotherapy

Hematopoietic

Transfer of genes preventing toxicity Mdr-1
stem cells (HSCs)

of chemotherapy into HSCs

Terapia genica mediante I'attivazione di profarmaci

Gene suicida Profarmaco Meccanismo di azione

Timidino-chinasi del virus
dell'herpes simplex-1 (HSV-TK)

Ganciclovir (GCV), aciclovir (ACV), valaciclovir | Inibizione della sintesi del DNA

Inibizione della sintesi del DNA e
dell'RNA

Citosina deaminasi (CD) di E. coli 5-fluorocitosina (5-FC)

Enzimi del ciitocromo P450 umano | Ciclofosfamide ed ifosfamide
CYP2B e CYP3A

Agenti alchilanti del DNA

Xantina-guanina 6-tioxantina (6-TX) Inibizione della sintesi del DNA
fosforibosiltrasferasi (XGPRT) di E.

coli

Purina-deoxynucleoside fosforilasi 6-metilpurina-2'deossiribonucleoside (MeP) Inibizione della sintesi del DNA
(PNP) di E. coli (gene deoD)

5-aziridina-1-il-2,4-dinitrobenzamide
(CB1954)

Nitroreduttasi di E. coli Agente alchilante

Randomized Multicenter Trial Comparing the Efficacy of Surgery,
Radiation, and Injection of Murine Cells Producing Herpes Simplex
Thymidine Kinase Vector Followed by Intravenous Ganciclovir
Against the Efficacy of Surgery and Radiation in the Treatment of
Newly Diagnosed Previously Untreated Glioblastoma

« Brain tumors are the third leading cause of death from cancer in persons 15 to 34
years of age. Despite aggressive therapy, the prognosis is very grim (10 months
survivals).

« The strategy consists of injection of murine cells producing replication-
incompetent retroviral vectors containing the HSV-Tk gene. The mechanism of
action is that the Tk protein can phosphorylate nucleoside analogs, such as GCV, to
form nucleotide-like precursor that will block replication of DNA, thereby killing the cell.

« The central nervous system has several advantages of safety and efficacy for
retroviral-mediated gene transfer. In the brain the tumor is the most mitotically active
cell, with only macrophages, blood and endothelial cells at minimal risk. Moreover, the
brain is a partially immunologically privileged site, which should allow a longer
survival of the xenogenic cells.

« A particularly attractive feature of using HSV-Tk is the “bystander effect”, probably
due to the transfer of the cytotoxic metabolite, phosphorylated GCV, through cell
communication networks such as gap junctions. This phenomenon obviates the
necessity for transducing every cell in order to eradicate or reduce the tumor.




Strategies for gene therapy of cancer

Torgetcell | stategy ool Therapeutic gene Organizzazione del genoma di Adenovirus
Tumor suppressors (p53, Rb, BRCA1)
Inhibition of cancer cell : Antisense oligonucleotides, ribozymes, siRNAs
proliferation Restorationloficalllciislcontrol or intracellular antibodies against oncogenes, . Unita' trascrizionali precoci
cdc2, cyclins, PCNA, tyrosine kinase receptors, pi
signal transducers, etc. [ Unita' trascrizionali precoci tardive
Cancer cells ) . )
[ Unita' trascrizionale tardiva
Transfer of suicide genes | Specific induction of cytotoxicity in | Gene activating a cytotoxic pro-drug, for L5 ‘ 1V (fibra)
into cancer cells the suicide gene-expressing cells example HSV-TK L4 - 100K, 33K, VIII
- Selective lysis of cancer cells by viral
Oncolytic viruses replication L3 - VI, II (esone), Pr
L2 s 111 (pentone base), VIL V
Increase of antigenic stimulation by | Tumor-specific antigens (TSAs and TAAs E1B - 55K, 19K
cancer cells (activ L1 e 1112 12.5-6.7K, gpa1K,
cancer vaccination) Genes coding for cytokines increasing antigen E1A - 125, 135 E3 ‘ ADP, RIDo, RID,
stimulation (IL-2, IL-12, IFN-y, GM-CSF) 147K
— - X ) VA RNA I&I
Genes coding for immunoregulatory cytokines MLP
(IL-2, 1L-12, L7, GM-CSF, IFN-y, 1L-6, TNF-a) 1
Cells of the Increase of the cytotoxic T-cell N N N 5000 10000 15000 20000 25000 30000 35000
immune system | Immunotherapy e T e o Genes coding for co-stimulatory proteins (87, ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
ICAM-1, LFA-3)
Genes coding for immunogenic proteins (MHC I IR JITR
and II alloantigens) )
Genetic modification of effector T G Va2 DBP - E2A - E4
cells to redirect them towards cancer | TCR genes
cells (adoptive immunotherapy) Orf1-6/7
= P, Pol _ E2B
B Increase of the . -
Hematopoietic therapeutic index of Transfer of genes_prevenhng toxicity Mdr-1
stem cells (HSCs) cancer chemotherapy of chemotherapy into HSCs
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RESEARCH ARTICLE A controlled trial of intratumoral ONYX-015, a selectively-
falca-arionial aduiistintion ol 8 ephcation-asiecee replicating adenovirus, in combination with cisplatin and 5-
adenovirus (dI1520) in patients with colorectal fl B : .
s . ! i uorouracil in patients with recurrent head and neck cancer
carcinoma metastatic to the liver: a phase | trial P
T Read', E Galanis?, | Abbruzzese”, D Sac', | Andrews?, L Romel, M Hatficld®, | Rubin®
w{l'kw o o P A A e B FADLO R. KHURI, JoHN NEMUNAITIS®, [AN GANLY®, JAMES ARSENEAU”
- Kichmond, CA, USA; and "frperiel Camerr Krusurch IAN F. TANNOCK?, LARRY ROMEL®, MARTIN GORE®, JANET IRONSIDE®,
RH. MacDovGALL®, Camta Hese®, BRITTA RANDUEV®, ANN M. GILLENWATER', PATRICIA
Bruso®, STANLEY B. Kave', Waux Ki HONG' & Davio H. Kin*
ONYX-015 is a first i icati lecti i with a deletion in the E1B-55kDa gene, which is responsible The University of Texas M. D. Andersers Casxcer Conter,
for p53 inactivation. Thus, this mutant should be unable to overcome the p53-mediated blockade of viral replication in Divisdons of Cancer Medic nd *Surgeey, Hoenton, Texas
normal cells. In contrast, in a tumor cell lacking p53 function, the E1B-p53 protein should be expendable for p53 inhibition US. Orcolegy, Dallas, Texas
and replication should proceed. Beatson Oucology Institwte. University of Glasgow, Glagow Scotlaead
ONYX-015 has shown promise in phase | and Il clinical trials following direct intratumoral injection into recurrent head and ! yed Marsdon Hospial, Lomdom, Engheod.
neck cancers. Western General Howpital, Ediobegh, ScotLovat
Priocess Maggares Hovpial, Toroo, Ontari "ONYX Pharmacestical Rchmond,
+ Moderate fever, rigors and fatigue were the most common Tmpertal Cancer Research Fund, Loodon, Fragland
adverse events porsence shoukd be aciesied 9 F R K. el Bimemesreison
Sodydsy) e 1 4 8 2 ® 7% - Antibody titers increased significantly in all patients Commpradince should be addbessed o: FRIC.: cxmal: ShurtOedibesinsy
Treatment «Viral replication was detectable in patients receiving the highest
* ONYXOL5hali X X X X X doses
. $fiommranle. % % x *An objective response was demonstrated in combination with I e e T e e T s,
© chemotherapy in a patient who was refractory to 5-FU cate in and lyse p! icient cancer colls while sparing normal cells. Although &
Asscssmment tivity in patients with head and neck
« Pharmacokinetics x x cancer, disease recurs rapicy with either therapy sone. We undertook a phase il of a com-
+ Vinl replicatien, hedding X X i patients with re-
* Cylokine assessment XX urrent squamous cell cancer of the hesd and neck. There were subrstantial objective responses,
+ Newtralizing antibodies X X X X inchuding a high proportion of complete responses. By 6 months, none of the responding tumors
o Efficacy (CT scan, serelogle) X X X X had progressed, whereas all non-injected tumors treated with chemotherapy alone had pro-
Hepatic artery infusion of dI1520 was well-tolerated at doses gressed. The toxic effects that occurred were acceptable. Yunul biopsies obtained after treat-
resulting in infection, and ment showed lective viral

antitumoral activity



G207 Engineered Glioma !
conditionally
replicative HSV1

HSV 1716 Engineered Ghioma |
conditionally
replicative HSV1

Oryx-015 E18-deleted Head and neck |
adenovirus cancer

V01 Naturally attenuated  Advanced solid |
strain of Newcastle tumors
disease virus

MV-CEA Edmonston strainof  Ovarian I
measles virus carcinoma
engineered to express
CEA as a marker

X594 Thymidine kinase Advanced solid |
deleted Vaccinia tumors
expressing GM-CSF

IX-594 Thymidine kinase Hepatocelidar 11
deleted Vacdnia carcinoma
expressing GM-CSF

Reolysin Reovinus Malignant ]

melanoma

T-VEC (originally called HSV expressing Mabgnant ]

OncoVEX-GM-CSF) GM-CSF melanoma

T-VEC (originally called HSV expressing Malignant "

OncoVEX-GM-CSF) GM-CSF melanoma

OV Orcobi Wi

A

g 329 HISV- Lt 1ESV1 vewwors. A Schomatic repeesontation of the strucuure of s 1SV 1 virion
BHISV-) pomome onpanization. The HSV-1 gemome comsists of & liscar, double-stranded DNA med
ocule of 132 kb costaining more ths 8) genes. The gemoene is composnd of wsique kog (V) and
g short (L) scgrments which ase lasked by sversod sepeats. These wre designanad as TR asd
1R (rermimal asd sternal mpent of e fong scgment, respectively) and TR and IRy (terminal asd
incrnal seput of the short sesoer). The repats surmanding U are desigratod 3b and 1'a', while
thie surmuneding Us are designatad 2°c” and ca. There are two differet origim of replicacion, ool
i the loarg segment and oeiS i the short scgment. S s duplacated. along with KN, bocause i is
founnd i the inmveried répeats surmnling the g segment. Approsimaicly half of the gcs s
evsential Soe vieal replication in ecll cullure (fnind o M, O ceher half arc mon-cerial for vieal
replicaion I celterad cells (o). Genes in blse are non-coscntial penes that e musod s the
Tepheation-compeicst vinmes w far developed aad dexcrbead in the lexk penes in rod e smmsedion:
catly (1F) g that are mutstod i Be epheatm-defective vinmes The foncene coetaitn Siree fuc
sigrods (Sown in pril avsint i packaging the vial gemomne DNA isko virions

No adverse events that could be unequivocally related
1o HSV. Some cases had radiclogic and histologic signs
of tumor response

No ewdence of encephalitis of othet adverse events.
Four of nine patients alive 14-24 months after OV
administration

Dose-limiting toxicity not reached, mild flu-like
symptoms observed. No objective responses recorded
Primarily mild flu-ike symptoms recorded. 100-fold
intensification from starting dose achieved with
objective resporsses recorded fot hagher doses
Dose-fimiting 1axicty not reached. Dose-dependent
disease stabdization in 14 of 21 patients

Dose-limiting toxicity not reached. Mild flu-lke
symptoms were the most common adverse effects
reported. B7% of tumor biopsies positive for IX-594
Randomized dase-finding study, significantly longer
survival times with higher dose (14.1 vs 6,7 months)

No objective resporses, but treatment well tolerated.
Trials in combination with cytotaxic therapies are
ongoing

Overall response rate of 26%. 1- and 2-year survivals of

58 and 52%, respectively

Significant improvement of durable response rate
compared with GM-CSF alone (16 vs 2%). Trend
towards increased survival data collection ongoing

HSV-1
and HSV-1 vectors

Gene Therapy for High-Grade Glioma

Tumor Infiltrating Lymphocytes (TIL)

Cancer Gene Ther 1995 Jn2(2)125.%6.
Genetically marking human cells--results of the first clinical gene
transfer studies.
120 M.

Cal ", Rubin.T,
& Author information

1 Department of Surgery, School of Medicine, University of Pittsburgh Medical Center,
Pennsylvania, USA.

Abstract

The both knowledgy logy have made it
o various.

diseases. alleviate or perhs for which no

‘adequate treatment now exists. One potential application is to treat genetic disease by inserting
anormal a jene. The
information could allow these cels to function properly and might reduce or eliminate the

sequelae of the disease. also be used
the For example in o
genes inserted may serve as components

cytokine-secreting tumor cells can induce a significant T-cell response in experimental animal

‘models when compared with non-gene-modified tumors, ultimately leading to a systemic

immune response. In addiion to treating patients, transferred genes also can serve as markers
about the For example,

sunvival and abilty to "home” to tumor sites. Gene markers also were transferred into
stol

P

primarily on studies using gene markers to track TILs after transfer. We will focus on the

following issues: (a) that TiLs are potent anttumor cells, mediating partial and complete

responses melanoma; por the TIL study;
in the use of

TIL studies; and (¢) other gene-marked cells

Modern oncolytic viruses
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Strategies for gene therapy of cancer
Target cell Strategy Goal Therapeutic gene
Tumor suppressors (p53, Rb, BRCA1)
Inhibition of cancer cell y Antisense oligonucleotides, ribozymes, SiRNAs
profferation Restoration of cell cycle control or T
cdc2, cyclins, PCNA, tyrosine kinase receptors,
signal transducers, etc.
Cancer cells
Transfer of suicide genes | Specific induction of cytotoxicity in Gene activating a cytotoxic pro-drug, for
into cancer cells the suicide gene-expressing cells example HSV-TK
- Selective lysis of cancer cells by viral
Crcolylicirses replication
Increase of antigenic stimulation by | Tumor-specific antigens (TSAs and TAAs)
cancer cells (active it lizati
cancer vaccination) Genes coding for cytokines increasing antigen
stimulation (IL-2, TL-12, IFN-y, GM-CSF)
Genes coding for immunoregulatory cytokines
(IL-2, 1L-12, 1L-7, GM-CSF, IFN-y, IL-6, TNF-a)
Cells of the Increase of the cytotoxic T-cell - s y
immune system Immunotherapy response against cancer cells Genes coding for co-stimulatory proteins (B7,
ICAM-1, LFA-3)
Genes coding for immunogenic proteins (MHC I
and I alloantigens)
Genetic modification of effector T
cells to redirect them towards cancer | TCR genes
cells (adoptive immunotherapy)
B Increase of the q -
oot | st oot | T e 01| e
cancer chemotherapy Py

Antigeni delle cellule tumorali

Antigene

Tumore

Antigeni presenti
esclusivamente

nelle cellule

tumorali (tumor
specific antigen,

TSA)

Antigeni specifici delle
cellule tumorali

Idiotipo dell'anticorpo

espresso dalle cellule tumorali

Linfomi a cellule B

T-cell receptor (TCR)

espresso dalla cellule tumorali

Linfomi a cellule T

processo di
trasformazione

Proteine cellulari mutate
che partecipano al

Proteina p21ras mutata

~10% dei tumori

Proteina di fusione p21Qber-abl

Leucemia mieloide cronica

tumorale | Proteina p53 mutata

>50% dei tumori

tumorali

Proteine di origine virale
espresse dalle cellule

Proteine E6, E7 del virus del
papilloma umano (HPV)

Carcinoma della cervice
uterina

Epstein-Barr (EBV)

Proteina EBNA-1 del virus di

Morbo di Hodgkin
Linfomi EBV-positivi

Proteine normali

espresse

abnormemente

dalle cellule

tumorali (tumor-

associated

antigens, TAA)

elevati

Proteine normali
espresse a livelli molto

PSA, HER2/neu, MUC-1

Diversi carcinomi

Antigeni oncofetali

CEA, AFP

Diversi carcinomi

Antigeni di

Melan-A/MART-1, tirosinasi,
differenziamento gp100

>50% dei melanomi

Antigeni CTA (cancer-
testis antigens)

Proteine delle famiglie
BAGE, GAGE, LAGE,
PRAME, NY1-ESO-1,

MAGE, | Melanoma, tumore della
vescica, tumore del

etc. polmone non a piccole
cellule, ed altri tumori




Immunotherapy of cancer

Antigenic analysis
of biopsy or surgical
sample

Adenoviral
vectors
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Plasmids or viral vectors
coding for TSAs or TAAs

Recombinant proteins or
peptides from TSAs or TAAs

Irradiated tumor cells from
patient or allogenic
Tumor cell lysates

Virosomes
Reinfusion of
activated APCs
Recovery of APCs
Costimulatory
ules
Immunostimulatory
cytokines
\ Reinfusion of
Recovery of T-cells ?'::.1“'” mocmed.

Genetic retargeting of T-cells

TRENDS IN VECTOR USAGE
(1988-2001)
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Vaccinazione con DNA tramite “Gene Gun”

DNA vaccination for HIV

Stud) pe DNA vaccines may protect
aganst experimental infection with MIV- (pages 526-532).

RoNALD C. KeNNEDY

NEWS & VIEWS

Naked DNA: New shots for allergy?

Injection of an allergen geme into rat muscle peevents specific gk
production and aithmati reactions (pages $40-544).

of asthma and aliergc
2 the most frequent af
n soctery. The medical

Mizaam MoFiaTT &
WiLLiam CooksoN

Genetic vaccination: The advantages of going naked

Manipulating the immune system with DNA vaccines shows promise for protecting
against and supp 9 disease (pages 888-905).

Adenovirus genome organization
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First generation Adenoviral vectors

Advantages Limitations

Broad target cell repertoire: Tr i gene exp!
re-administration

1 and pr

i) Natural tropism for a variety of cell

types. Strong host immune response to viral

i) Ability to infect proliferating and proteins and cytotoxicity

quiescent cells. (CD4+, CD8+ T-cell activation, neutralising

antibodies)

High efficiency of in vivo transduction

. . Technically:
Remain episomal Limited cloning capacity (<8 kb)

RCA ti
Technically: SICELE
High titre production levels (up to 1011-1012
pfu/ml).

Quite stable, manipulation friendly genome.
Well understood molecular biology and host
cell interactions.



Virus treatment questioned after gene therapy death
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Replication-defective Adenoviral vectors

First generation (E1 deletion)
« Cloning capacity < 6 kb
« Blocking of virus genetic program can be leaky (cytopathic
effects)
« High level expression of transgene in transduced cells

Second generation (e.g. E1 + E4 deletions)

« Cloning capacity extended to 9 kb

« Profound blockage of viral gene expression
* Reduced vector-induced cytopathic effects
« Vector persists longer in transduced cells

« Expression of transgene impaired
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G utl ess Virus helper Vettore qutless
. Low® Loxp Gene terapeutico
Adenovn"al R ] [TR ITR e ] [TR
¥ pE1 v
vectors *
Cellule 293/Cre
g DNA del vettore,
R O contenente il segnale y
i ITR e IR
I vettori gutless, che contengono A o 5 : T
solo le sequenze terminali invertite R TR
(ITR, Inverte_d_ Term?nal _Repeals), il Y pEr e} o) O
segnale di incapsidazione e la { O
cassetta d'espressione, richiedono Loxs DNA del virus hel
un virus helper (difettivo per TTR M TR ot O
I'incapsidazione) che fornisca in DEL 3

trans le proteine virali necessarie
per la sintesi della particella virale
infettiva nella cellula produttrice. Il
virus helper pud poi essere rimosso
dalla preparazione di vettore
mediante un processo di
purificazione, con efficienza
superiore al 99,9%.

Gane Thecagy (1999 6. 350 26)
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Helper-dependent Adenoviral vectors

Advantages

Reduced toxicity and nearly eliminated
immune responses

Higher levels and prolonged transgene
expression

Increased cloning capacity (up to 36 kb)

Limitations

Low but significant helper virus
contamination

Error prone not robust production system
(susceptible to recombination and instability)

RCA and defective viral particle production
(1:10 or 1:200 ratio)

'ﬁZvAA'J Proteine indispensabili per la

S replicazione del DNA e
incapsidamento

@ Virioni contenenti il
genoma del vettore
ﬁ gutless

aa © 1965 Steblon Press Al s seerved 03651179 $12.00
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Adenovector-mediated gene delivery of interleukin-2 in

metastatic breast cancer and melanoma: results of a
phase 1 clinical trial

Direct injection into subcutaneous deposits of melanoma or breast cancer (23 patients
injected at 7 dose levels)

*60% local inflammation
*24% incomplete local tumor regression,
but no conventional clinical responses

at biopsy

+IL-12 mRNA and protein detectable at 48
hrs (only transcript at day 7)

*This trial therefore confirms the safety of
use of adenoviral vectors for gene
delivery in humans and demonstrates

ful transg expression even
in the face of pre-existing immunity to
adenovirus

<Tumor necrosis and lymphocytic infiltration

All benefits of F.G adenoviral vectors Massive-scale production restrictions for

clinical use due to purification restrictions

i)

Science vs. Anecdote

Untreated Treated

Survival



Science vs. Anecdote

Untreated

€€ ¢
t\t

Treated

P (probability that difference is by
chance) > 0.05 (5%)

Recombinant T-cell Receptor

Chimeric antigen receptors

Endogenous T-body
TCR
Ligand-binding L
o domain (scFv) % ¥
Signaling
domain
S | — |
TCR CD3

Chimeric antigen receptors (CARS, also known as chimeric immunoreceptors, chimeric T cell receptors, artificial T cell receptors or CAR-T) are
engineered receptors which graft an arbitrary specificity onto an immune effector cell (T cell). Typically, these receptors are used to graft the specificity of a
monoclonal antibody onto a T cell, with transfer of their coding sequence faciltated by retroviral vectors. The receptors are called chimeric because they are

Strategies for gene therapy of cancer

Target cell Strategy Goal Therapeutic gene
Tumor suppressors (p53, Rb, BRCA1)
Inhibition of cancer cell y Antisense oligonucleotides, ribozymes, siRNAs
proliferation Restorationioficelllc/delcontral or intracellular antibodies against oncogenes,
cdc2, cyclins, PCNA, tyrosine kinase receptors,
signal transducers, etc.
Cancer cells
Transfer of suicide genes | Specific induction of cytotoxicity in | Gene activating a cytotoxic pro-drug, for
into cancer cells the suicide gene-expressing cells example HSV-TK
L Selective lysis of cancer cells by viral
Oncolytic viruses replication
Increase of antigenic stlmulatlon by | Tumor-specific antigens (TSAs and TAAs
cancer cells (active i
cancer vaccination) Genes coding for cytokines increasing antigen
stimulation (IL-2, IL-12, IFN-y, GM-CSF)
Genes coding for immunoregulatory cytokines
(IL-2, 1L-12, 1L-7, GM-CSF, IFN-y, IL-6, TNF-a)
Cells of the Increase of the cytotoxic T-cell i o i
immune system dmminotherapy) response against cancer cells ?&ﬁ fnf;:?;)m co-stimulatory proteins (B7,
Genes coding for immunogenic proteins (MHC I
and II alloantigens)
Genetic modification of effector T
cells to redirect them towards cancer | TCR genes
cells (adoptive immunotherapy)
Hematopoietic g'\;:a:gcf ::sex of Transfer of genes preventing toxicity Mdr-1
stem cells (HSCs) cancepr chemotherapy of chemotherapy into HSCs

Rationale for CART immunotherapy

CART culs recognias tumar
setgens insepandent
O MHC expression

CART colls are introdoced
state, bypassing
the need for dendritic ce
sctmation

composed of parts from different sources.

Target antigen Disease CAR signaling domain ClinicalTrial. gov identifier Clinical center
co19 BCLL C028-COX NCT00466531 MSKCC
co19 BALL C028-COX NCT01044069 MSKCC
co19 Leukemia C028-COX NCTO141697 MSKCC
co19 Leukeatymphoma CO28-COX NCT00924326 NCI
co19 Leukeaatymphoma CO28-COX NCT01087294 NCI
co19 Leukeemiatymphoma COZ8-COX vs. COX NCT00585391 8CM
co19 B-NHLICLL CD28-COX vs. COX NCT00808270 BCM
co19 Advanced BNHUCLL CD28.COX vs. COX NCT00709033 BCM
co19 ALL postHSCT CD28-COX NCT00840853 8CM
co19 Leukomiafymphoma CD137CDX NCT01028366 up
co19 84ymphoid makgnancies CD28C0X NCT00968760 MDACC
co19 8-ineage malgnancies CD28-COX NCT01362452 MDACC
€020 Mantie cell lymphomavindolent 8-NHL CD28-CO137COK NCT00621452 FHCRC
PMSA Prostate cancer C028-COX NCTOT140373 MSKCC
CcEA Breast cancer C028-COX NCT00673829 RWMC
CEA Colorectal cancer C028-COX NCT00673322 RWMC
Her2/neu Lung cances C028COX NCT00889954 8CM
Her2/neu Osteosarcoms C028-COX NCT00902044 BCM
Her2/neu Globlastoms C028-COK NCT01100095 BCM
Ksppa light chain B-NHL and B-CLL CD28.COX vs. COX NCT00881920 BCM

MSKCC, Momcrial Skoan-Ketering Cancer Center; NCI, National Cancer Institute; BCM, Baylor Colege of Medicine: RWIAC, Roger Wiliams Medical Center; UF
University of Pennsylvanis; MOACC, M.0. Anderson Cancer Center; FHCRC, Frod Mutchinson Cancer Research Centor.

(A) Release of cell debris and tumor antigens from malignant cells activates a cascade of host antitumor immune responses, initiated by innate immune cells that release
pro-inflammatory cytokines and contribute to tumor cell destruction. Among these cells are dendritic cells, which capture tumor antigens, mature in response to the pro-
inflammatory cytokines in the environment, and travel to lymphoid tissues to stimulate T-cell proliferation and activation of antigen-specific adaptive immune responses
leading to tumor death. (B). Tumors often develop adaptations to evade detection and destruction by the host immune system. Through the recruitment of suppressive
leukocytes and elaboration of immunosuppressive cytokines, tumors inhibit the function of infiltrating immune cell, including dendritic cells. Incompletely matured DCs are
unable to effectively activate naive T cells, instead inducing T-cell anergy, apoptosis, or tolerance to antigens. i
machinery and the development of antigen-Ioss variants enable tumor cels to escape detection by infitrating immune cels. (C) CAR T-cels, which recognize antigens via a
mechanism distinct from TCR stimulation, bypass the need for DC antigen presentation and are unaffected by MHC downregulation. CAR structure and culture conditions can
also be optimized to create CART populations with superior cytotoxicity and resistance to tumor-induced suppressive influences.

Ideal antigens for CAR generation

1)tumor exclusive
2)expressed by all malignant cells
3)function crucial to tumor growth and survival

Results

1)maximize tumoricidal capacity

2)prevent immune evasion

3)reduce the risk of toxicity stemming from
CART destruction of antigen-expressing
healthy cells



Evolution of CAR structure U NOVARTIS
Basel, August 30, 2017

- Novartis receives first ever FDA approval for a CAR-T cell

Pt et s dmmeten T Comersies therapy, Kymriah(TM) (CTLO19), for children and young adults

L setvcodomein with B-cell ALL that is refractory or has relapsed at least twice

ALL prognosis is poor. Patients often undergo multiple treatments including chemotherapy, radiation, targeted
- therapy or stem cell transplant, yet less than 10% of patients survive five years
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| Trangmembrane Kymriah is an innovative immunocellular therapy that is a one-time treatment. Kymriah uses the 4-1BB
domain costimulatory domain in its chimeric antigen receptor to enhance cellular expansion and persistence.
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Originally derived from the CD3{ chain of the traditional TCR, CAR
endodomains have undergone generational changes to include one or
more costimulatory domains, most commonly CD28 and 41BB, to
enhance the persistence and cytotoxicity of CAR-expressing cells

I n CAR-T and Solid Malignancies

Tisagenlecleucel in Children and Young
Adults with B-Cell Lymphoblastic Leukemia

S.L. Maude, TW. Laetsch, J. Buechner, S. Rives, M. Boyer, H. Bittencourt
P. Bader, M.R. Verneris, H.E. Stefanski, G.D. Myers, M. Qayed, B. De Moerloose,
H. Hiramatsu, K. Schlis, K.L. Davis, P.L. Martin, E.R. Nemecek, G.A. Yanik,
C.Peters, A. Baruchel, N. Boissel, F. Mechinaud, A. Balduzzi, . Krueger,
C.H.June, B.L. Levine, P. Wood, T. Taran, M. Leung, K.T. Mueller, Y. Zhang,
K. Sen, D. Lebwohl, M.A. Pulsipher, and S.A. Grupp

—
Overall remission rate of 81% among 75 patients with A Oursionof Remission
at least 3 months of follow-up after a single infusion of !
52 Wereemvoled tisagenlecleucel ol

The remissions were durable, with a 6-month relapse-
[wecommd ] free survival rate of 80%
e wsgenleceucel

1 i was inis as a single infusion,
and most toxic effects were observed only during the
first 8 weeks after infusion.

75 Underwen nfuson Cytokine release syndrome
A condition that may occur after treatment with some

7Died
3 Had adverse events

types of such as monoclonal Nestak @ d o mw w8106
7 Dicstnued antibodies and CAR-T cells. Cytokine release syndrome & cammmiomm
S Pt lack ofeffcacy is caused by a large, rapid release of cytokines into the u
fe| s Undemvent new thrapy blood from immune cells affected by the
for ALL whil in complete immunotherapy. Cytokines are immune substances that
2 Wi o wer withdravn have many different actions in the body. Signs and
by guardan symptoms of cytokine release syndrome include fever,

nausea, headache, rash, rapid heartbeat, low blood

s e olowas pressure, and trouble breathing. Most patients have a o o
mild reaction, but sometimes, the reaction may be o A I s
severe o life threatening. P T e
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CAR for glioblastoma multiforme

H |
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! ) ) ) ) Regression of Glioblastoma after Chimeric | . O A N A )
Strong positive correlation between the degree of intra-tumoral infiltration with antigen-specific cytotoxic T-cells Antigen Receptor T-Cell Therapy o L R R M ]
(CTLs) and overall patient survival Christine E. Brown, Ph.D., Darya Aliza na N
L WD jamie [ i

o

Antigen targets: EGFRVIII, IL-13Ra2, and HER2

EGFRuvlll is a mutated form of the epidermal growth factor receptor (EGFR), resulting from a tumor-specific in-
frame deletion creating a constitutively active surface receptor protein. Present in approximately 30% of GBMs,
this mutant receptor enhances glioma cell proliferation, angiogenesis, and invasiveness and is independently
associated with a poor prognosis SUMaARY
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30 Behnam Sadie, .0

CAR-snined T il rrgeing s omoraacined aign mteukin 3
receptoralpha 2 (1L13Ra2l Muliple ifusions of CAR T cells were adminisered

RESEARCH ARTICLE e 30 dos o o il dey rous — s

infusions of IL13Ra2taeted CAR T cels were ot asocited with any toic e

e . o g he ATt AR i o o s
Rational development and characterization of o
humanized anti-EGFR variant Iil chimeric antigen Preclinical studies have established: o ki s el s oo o s e

continued for 75 months st the iniation of CAR.Tel terapy. (Funded by

receptor T cells for glioblastoma
Laura . Johnson'* John Schaller' Takayuki Ohkari” Akemi Kosaka. PrachiR. Pl

Shannon E. McGetrigan Arben K. Nace Tavete Dentchev, Pramod Thekkat” Andress Loew” - the ability of T-cells targeting this unique, i Lo ik
iy Bostuan i - g oo han s . Pt ) . :
R ey e o tumor-specific epitope to proliferate and :
Hiden Okt e etr . g, Mrcls V. o release cytokines in response to stimulation ““ i
edrea T . s with the mutant EGFRVIII antigen, but not =
et wild-type EGFR
P - EGFRuvlll-targeting CARTs effectively traffic to )

e tumor sites and suppress the growth of glioma
Ehs R il il sty xenografts in murine models . 'Z" e s s
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Analysis of pre- and post-treatment tumor samples
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Barriers for CART in solid tumors

1. Selection of TAA

Solid tumors are comprised of highly molecularly heterogeneous subpopulations expressing a
diverse, overlapping profile of unique TAAs
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Heterogeneous mutations
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T cells only recognize
part of the tumor

Heterogeneous neoantigens

Enhancing CART cytotoxicity against epitopes not restricted to malignant cells is limited by the
danger of simultaneously promoting CAR recognition of target antigen expressed by healthy
tissues. Toxicities secondary to unintentional destruction of non-cancerous cells has been
observed to varying degrees following CART therapy targeting overexpressed self-antigens like
CEA, a tumor-associated antigen that is also expressed in normal gastrointestinal epithelium
(severe inflammatory colitis in all treated patients, due to the destruction of healthy epithelial
cells).

The Important Role of the non-signalling hinge and trans-membrane

domains in CAR Design
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recognition domain

__— Hinge domain

> Transmembrane spacer

. — Intracellular signaling domain

“CAR”

CAR-T cell

Barriers for CART in solid tumors

Barriers for CART in solid tumors

2. Lymphocyte trafficking

In contrast to the simplicity and ease of encountering of malignant cells in hematologic cancers, CARTs
for solid tumors face the additional challenge of migrating to and infiltrating tumor sites. In humans and
mice, CART persistence and intratumoral accumulation following systemic adoptive transfer is
characteristically poor, with some studies showing initial trafficking to organs such as the lung, spleen,
and liver, without any preferential accumulation in tumor sites

3. Tumor-induced immunosuppression

Immune checkpoints

1) programmed cell death-1 (PD-1)
2) cytotoxic T-lymphocyte antigen-4 (CTLA-4)

Activation of CTLA-4 receptors expressed by naive T cells prevents their initial activation and
stimulation of PD-1 on activated T-cells induces anergy, apoptosis, or development of
immunosuppressive regulatory T-cells (Tregs). By upregulating PD-L1 and enhancing T-cell CTLA-4 and
PD-1 expression, tumor cells are able to suppress the activity of incoming immune cells
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To better understand the effect of the hinge domain on CAR T cells, this research generated two versions of CARs, with or without a hinge domain,
targeting CD19, mesothelin, PSCA (prostate stem cell antigen), MUC1, and HER2 (human epidermal growth factor receptor 2), respectively. In vitro
migration assay showed that the hinges enhanced CAR T cells migratory capacity. The T cells expressing anti-CD19 CARs with or without a hinge had
similar antitumor capacities in vivo, whereas the T cells expressing anti-mesothelin CARs containing a hinge domain showed enhanced antitumor
activities. Hence, this results demonstrate that a hinge contributes to CAR T cell expansion and is capable of increasing the antitumor efficacy of some
specific CAR T cells. These results suggest potential novel strategies in CAR vector design.






