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BICMARKER FOR SELECTING PATIENTS AND RELATED METHODS

The present invention relates to the field ci immunology
and, in particular, to immunotherapy of a patient against
diseases caused for example by infecticn or cancers. More

.
= <

particularly, the invention relates fo methods for predictin

whether a patient i1s or 1is not susceptible to developing

A8

prophylactic or therapeutic response, preferably immune
response, after such Immunotherapy. The present Invention
relates to methods and compoesitions for improving the
survival rate of patients to be treasted by an immunogenic

composition, in particular a therapeutic vaccine.

Traditional  vaccination  techniqgues involilving  the
introduction into an animal system of an antigen {e.g.
peptides, proteins) which can induce an immune response, and
thereby protect said animal against infection for exnample,
have been known for many vears. These technigues have further
included the develeopment of Dboth live and inactivated

vaccines. Live vaccines are typically attenuated non-
b

-

sathogenic versions of a

o]

o

h

infectious agent that are capable
priming an immune response directed agsinst a pathog

version of the infectious agent.

Numerous resezrch groups have also investigated the use
of vaccines as a petentlal therapeutic modality for various
cancer types. This specific type of wvaccine strategy is
generally referred to as immunotherapy.

In recent vyears there have been advances in the

el

development of recombinant vaccines, especially reccmbinant
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live waccines, in which foreign antigens of interest are
enceded and expressed from & vector. Among them, vectors
based on recombinant viruses have shown great promise and
play an important rele in the development of new vaccines.
5 Many vwviruses have been investigated for their ability to
express proteins from fcreign pathogens or <tumoral tissue,
and to induce specific immunclogical responses agesinst these
antigens in vivo. Generally, these gene-based vaccines can
stimulate potent humoral and cellular immune responses and
10 vizxal vectors ay be an effective strategy for both the
delivery of antigen-encoding genes and the facilitation and
enhancement of antigen presentation. In order to be utilized

as & vacclne cerrier, the ideal wviral vector should be safe
and enable efficient presentation of required pathogen-
15 specific antigens <o the immune system. urthermore, the
vector system must meet criteria that enable its production
on a large-scale basis. Several viral vaccine vectors have
thus emerged to date, all of them having relative advantages
and limits depending con the oposed application (for =&

20 review on recombinant viral wvaccines see for

2006, Front
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A general problem in wvaccine field howsver has been the
identification of a means of inducing a& sufficilently strong
immune response in vaccinated individuals to protect and/or
freat against infection and disease, and thereby to sxtend

5 the survival of patient having fatal disease, for exanmple,

Therefore there has been for example major effort in

yvears, to discover new drug compounds that act by

10 wiil serve to increasse the Iimmune response induced by
vaccines. Most 0f these compounds, referred as @ immune
response modifiers (IRMs) or adiuvants, appesr to act through
basic immune system mechanisms via Toll-like receptors (TLRs)
to induce wvarious important cytokines bkiosynthesis (e.g.,

15 intexrferons, interleukins, tumor necrosis factor, e
for example Schiller et al., 2006, Exp Dermatel., 15, 331-341).
Such compounds have been shown te stimulate a rapid release
of certain T cell, dendritic cell, or monocyte/macrophage~-
derived cyvtokines and are alsc capable of stimulating

20 lymphocyte function, such as B cells to secrete antibodies
which play an important role in the antiviral and antitumor

activities of IRM compounds.

Alternatively, vaccination strategies have been
proposed, most of them being based on a prime-boost

25 vaccination regimen. Rececording to these "orime~boost”
accination protocols, the immune system is first induced by
tering to the patient a priming composition and then

boosted by administration of a bocsting second composition

(see for sxample LP1411%74 oxr US200230181076)

30 Moreover, it has been shown in the health care context
that one treatment can be effective only in specific group of
patients. Tt is thus desirable to provide to physicians tools

and methods that will enable them to tailor optimal
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personalized patient therapies, 1.s. to
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therapy to the right pat time, to provide

higher treatment success rate, to monitor the responsse to the
treatment, to increase drug efficacy and safety, to eliminate
the unnecessary treatment of patients for whom therapy is not
appropriate, to spare the patient unnecessary toxicity and
side effects, to reduce the cest to patients and insurexs of
unnecessary or dangerous ineffective medication, and to

improve patlent guality
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managed disease, with follow up assays &s apprapriate.

these regards, literature proposes various tools

- Pharmacogensetics, which consist in the study of
individual response tc drugs as a function of genetic
cdifferences. These responses relate to how a drug functions
in any given individual, how it is metabolized, its foxicity
and dosage reguirements. With the human genome project,
pharmacogenetics has expanded into pharmacogenomics.
Pharmacogenomics goes bpeyond pharmacogenetics, with the
potential to find uses from drug discovery and development,

target discovery and validation, and clinical trials;

}__l
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~ Metabolomics can alsc be applled to the

[N
in

predictive medicine. Unliike pharmacogenetics, which

» o~ .

limited to genetic factors, pharmaco-metabolomics 1s able to

predict an individual's rssponse to a drug based not only on

drugs in the patient's body, the patient’s current state of
g -

heslth, stc.

- The role of Dbiomarkers is becoming increasingly
important in the c¢linical development of therapesutics. A
biomarker can be an indicator of normal biological processes,
disease processes, or pharmacological responses to

i
therapeutic intervention. Theilr role ranges from, strztifyin

H



better decisions thet will reduce the cost for drug

development and enable tTherapies to rzach  the mest
‘ . .

zppropriate patlent population faster

Summary of invention

in one aspect, there is provided an ex-vivo method for

testing whether a patient will respond therapeutically to a

method of frsaiment comprising administration of an Immunogeanic

composition, whersain the testing method comprises the steps of.

-~  obtaining a biological sample from the pafient;

-~ measuring levels of IL10 and IFNy in said biological sample;

-~ calculating 1L10/ IFNy ratio; and

- comparing said 1L10/ IFNy ratio with a threshold level, wherein jow 1L10/
IFNy rafio indicates that the patient will deveiop a prophylactic or
therapeutic response towards the immunogenic composition with low
IL10/ {FNy ratio being below 5.

In another aspect, there is provided the use of IL10/ [FNy ratio
as a biomarker for predicting whether a patient is or is

not susceptible to developing prophylactic or therapeutic response by
administration of an immunoganic composition.

Description of the Invention

The invention provides meterielis and methods for
a —~ o . ) - e ~ e i SN
predicting the sifficacy of & treatment dovolwving the

{i.e. immunotherspy trestment) using Dbioclogicel markers
{(biomarkers} that have been determined to be substantially
reliable signature which correlates with the desired clinicel
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(IFNY/IL10) ratio is a wvaluable tool to discriminate betwesen
nonwrejecting and rejecting patients for renal

transplantations,

Jamal

0]

t al., 2007, (Tuberculcsis, 87, 27%-287) have
shown that in pulmonary and extra pulmonary tuberculosis,

there is a direct relation S?lD between intecrferon~

i

amma/interleukin-10 (IFNY/IL1G) ratio and disease severity

ranking.
Similarly, Gomes-Silva et al, 2007, {Clinical and
Experimental TITmmunology, 149, 440-444) indicate that high

IFNy and low IL10 are associated with severity of mucosal

hocording to a first embodiment, the present Invention
relates to a method for treating a patient for human disease
by administering an immunogenic composiiion wherein saild

]

patient 1s selected in a patient population composed of

patients that have low IL10/IFNyratio.

The present Invention thus relates to a method Zor
treating a patient for human disease by administering an

immunogenic composition, saild method comprising the following

steps

- selection of one patient in a patient population

composed of patients that have low IL1I0/IFNy ratio,

- administering to szid selected patient the said

immunogenic composition.

Recording to another embodiment, tThe present Invention
relates to a method for predicting whether a peatient is or is
not susceptible to developing prophylactic or therapeutic
responge, vpreferably immune response, by administration ¢f an

immunogenic composition, sald method comprising the steps of:

- obtaining a blood sample from the patient;
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1

-~ measuring levels of IL10 and IFNy in the said blood

sample, and

~ calculating IL10/IFNY ratio, wherein Jlow TIL10/IFNy

ratio indicates that the patient 1s predicted to

I__J

5 have an increased susceptibility to develop a
prophylactic or therapeutic response, preferably

imnune response.

According to another embodiment, the present Invention

relates to & method for selecting & patient susceptible to
10 developing prophylactic or therapeutic response, preferably
immune response, by administration o¢f an immunogenic

compesition, sald method comprising the steps of:
- obtaining a blood sample from the patient;

- measuring levels of IL10 and IFNy in the saild blood

15 sanple, and

*,J—.

~ calculating IL10/IFNY

Iy
ﬂJ

o, whereln low IL10/ITNy
patient has an increased

&g

therapeutic response, preferably immune response.

R}

T
atio indicates that the
lo

susceptibility to deve prophylactic or

3 Y]

20 According to another embodiment, the present Invention
relates to a method for predicting whether a patient is or is
not  susceptible to respond positively to a treatment
comprising administration of an iwmmunogenic composition, said

method comprising the steps of:

Hh

25 -  obtaining a blood sample from the patient;

- measuring levels of IL10 and IFNy 1in the said blocd
sample, and

- calculating IL1O0/IFNY ratio, wherein low ILI0/IFNY

ratic indicates that the patient is predicted to

30 have an lncreased susceptibility te develop a
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prophylactic oxr therapeutlic response, preferably

immune response.

According to another embodiment, the present Invention

relates to a method for selecting a patient susceptible to

5 respond pesitively to & treatment comprising administration
< ) g

I 3

of an immunogenic compesition, said method comprising the

D]

steps of:
- cbtaining a blood sample from the patient;

- measuring levels of IL1i0 and IFNy in the said blood

10 sample, and

- calculating ILI0/IFNY ratic, wherein low IL10/IFHy
ratio indicates that the patient has an increased
susceptibility to developing a prophylactic or

therapeutic response, preferably Zmmune response.

15 According to another embodiment, the present Invention
relates to an ex-vivo methoed for testing whether a patient
will respond therapeutically to a methoed of treatment
comprising administration of an immunogenic composition,
wherein the testing method comprises the steps of:

20 ~ obtaining a blood sample from the patient;

- measuring levels of IL10 and IFNy in the said blood

[

sample, and

- calculating IL10O/IFNY ratio, wherein low IL1CG/IF:
O

ratic indicates that the patient will devel:

o

25 prophylactic or therapeutic response, preferably
immune response, towards the lrmunoganic

composition.

According to ancther embodiment, the present Invention
relates to an ex-vive method for testing whether =z patient

30 will respond therapeutically to a method of treating cancer
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by administration of an immunogenic composition, wherein the

testing method comprises the steps of:

e
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blood sample from the patient

{4

- measuring levels of IL10 and IFNy in the said blood

sample, and

-  c¢alculating ILIC/IFNy ratio, wherein iow ILI1O/IFNy

=

atic indicates that the patient will respon

T

nerapeutically to the method of treating cancer,

3

The present Invention further relates to an ex vivo
thed of treatment comprising adninistration o¢f @ an
immunogenic composition, wherein the testing method comprises
the step of measuring levels of IL10 and INFy in a bioiocgical
sample, sspecially biocod  sample, from the patient,
calculating IL10/IFNy ratio, wherein low ILIQ/IFNY ratio
indicates that the patient will develop a prophylactic or
therapeutic response, in particular immune response, towards

the immunogenic composition.

Lecording to another embodiment, the present Invention
relates to a method for inducing an immune response {(i.e. the
raised immune response) in a patient for treating human
disease by administering an immunogenic composition wherein

s
said patient is selected in a patient population compesed of

According to ancther embodiment, the present Invention
relates to a method for inducing an immune response to at
least one antigen {(l.e. the raised immune response} in a
patient for treating human disease by administering an
immunogenic composition wherein said patient is selected in a
patient population composed oI patients <that have Llow

IL1I0/IFNy ratio.

According to another embodiment, the present Invention

elates ©o a method Zfor inducing an immung response (l.e. the
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=
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thus reiates to a method for
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-~ selection of one patient in a patient population

composed of petients that have low ILIO/IFNy ratio,

X

dministering to said selected patient the saild

immunogenic compesition.

5 According te another embodiment, the present Invention
relates to a method for inducing an immune response (i.e, the
raised i1mmune response) in a patient for treating human

disease by administering an immunogenic composition whe

=

[
G!

sald raised immune respense 1s innate immune response, sald

10 method comprising the following steps

- selection of  patient dn a patient population

composed of patients that have low ILiG/IFNy ratio,

« administering to salid selected patients the said

immunogenic ceomposition.

15 According to another embodiment, the present Invention
relates to a method for inducing an immune response{i.e. the
raised I1mmune response) 1in a patient for treating human
disease by administering an immunogenic composition, sald
method comprising the following steps :

'

20 -  measuring in the patient the levels of IL1I0 and

IFNv,
- calculating IL10/IFNy ratio, and

~ administering to the patient tfhe said immunogenic

2
LN

According to another embodiment, the present Invention

relategs to a methed for iIinducing an immune response to at

3

least one antigen ({(i.e. the razised Iilmmune response) 1in a

kQ

)

patient for treating human disease by administering an
immunogenic composition, said method comprising the following

30 steps :
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-~ measuring in the patient the levels of ILL0 and

IFNy,
~ calculating IL10/IFNy ratic, and

- administering to the patient the said
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composition if said patient h
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s

s low ILIO/IFNy ratio.

According to ancother embodiment, the present Invention
relates to a method for inducing an immune response {(i.e. the
raised immune response} in a patient for treating human

dissase Dby administering an immunogenic composition wherein
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5 - administering to the patient the said immunogenic
composition if said patient has low IL10/IFNy ratio.

As used herein throughout +he entire zpplication, the
terms “a” and “an” are used in the sense that thev mean “at
20 l=ast one”, “at least a first”, “one or more” or “a
pluralitv” of the referenced compounds or steps, unless the

context dictares otherwise. For example, the term

25 number which is one or greater than one, with & special
preference for one, two or three.

The term “and/cr"™ wherever used herein includes the
meaning of "and™, "or” and "all or any other combination of
the elements connected by sald term".

30 The term “about” or “approximately” as used herein means

within 20%, preferably within 10%, and more preferably within
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5%. FPor sake of clarity, 4t is added that “about =x” is

including the x specific value.

The terms “patient”, “subiject” refer to a vertsbrats,
particularly & member of the mammalian species and includes,
but iz not limited to, domestic animals, sport animals,

primates including humans.

As used herein, the term "treatment" or “freating”
encompasses prophviazis and/or therapy. Accordingly the

immunogsnic compositions or methods of the present invention

o
are not limited to therapesutic applications and can be used

;..a
!‘J

in prophylaxis ones. This 1s covered by the term “to
developing & prophylactic or therapeutic dimmune response”
herein. “Prophylaxis” 1g not limited to preventing immediate
diseases {(e.g. infectious diseases), it further encompasses
prevention of long term conseguences ¢f these infections such

as cirrhosis or cancer.

An "effective amount”™ or a "sufficient amount of an
active compound is an amount sufficient to effect beneficial
or desired results, including clinical results. An effective
amount can be administered in one or more administrations. A
"therapeutically effective amount" is an amount to effect
beneficial c¢linical results, including, but not limited to,
alleviation of one or more symptoms assocliated with wvizral

infection as well as preventicn of disease (e.g. prevention

he terms “a patient selected in a patient population

composed of patients that have low IL10/IFNY ratioc” should be

h

understood as meaning & patient for who levels o

interleukin~i0 and interferon-gamma have been messursed a

[63]

disclosed herein, and who has low ILIQ/IEFNY ratio. When the

number of patient tested i1s above 1, the saild patients form &
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According to special embodiments, the terms “a patient
will respond therapeutically” or “a patient will respond
positively to a treestment” mean that the said patient has an
increase of survival rate (see example section).

In a preferred embodiment ©f the inventiocn, the method

of the invention comprisses an initial step censisting in

&

the immuncgenic composition.

Acceording to the ypresent invention, the
interleukin~-10 and interfercon-gamma are measured 1in &
biclogical sample obhtained from the patient. Biological
samples include but are not limited to blood and other liguid
sampiles of blological origin, solid tissue samples, such as a
blopsy specimen., In a preferred embodiment, the biological
sample is blood, plasma or serum, in which case obtaining the
samples from a patient is relatively simple and non-invasive
procedure. Methods of obtaining blood or serum are well-known

b=

in the art are not part of the invention.

In aacdition, numerous methods for detecting and

quantifying polypeptides, 1incliluding the instant biomarkers

are know Such methods include but are not limited to
antibody-based methods, more specifically monocional

antibodies~pased methods. The particular methods of detecting
and guantifying the biomarkers are not important to the
invention. For example the wmeterials and methods of the
present invention may be used with Luminex technology

(Luninex Corporation, Austin, Tex, ! or enzyme—linked

immunosorbant &

UJ

I

$ays (ELISE, numerous ELISA  kits are
able e.g. by CliniScience Diaclone,

commercially availl

Biosgource).
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According to one embodiment of the Invention, the levels
of interleukin-10 and interferon-gamme are determined by

using antibodies.

According to one specific embodiment of the Invention,

frd

{

»
fre
jo R
—
} e

tibody

c%

arn €5

s {are) gpecific of IL10 or INFy.
According to one specific embodiment of the Invention,
said antibodies are monccleonal antibodies.
hceeording to one specific embodiment of the Invention,
said antibodies are tagged for exampie by fluorescence,

radiolabel, enzyme, blotin, or any other methods designed to

o

render cells labelled with said antibodiss detectable. These
techniques are widely used and known in the art.

In related aspects the method includes determining the
levels of interleukin~10 and interferon—gamma in a patient
prior administration of an immunogenic composition to the
patient; calculating IL10/IFNY ratio; comparing said
IL10/IFNy ratic to a cut-off wvalue; and predicting the
efficacy of immunotherapy treatment based on the

IL10/IFNy ratio compared to the cut-off value.

According to special embodiment, the said cut-off wvaliue
is about 5, preferably about 4, more preferably about 3 and

particularly about 2. According to cne preferred embodiment,
£

referably below about 3 and particularly blow about Z.
According to one preferred embodinment, said the Tlow
L10/IFNy ratio” =according to the present invention is
designating IL10/IFNy ratios ©below about 3.7, and more
preferably 1s below 3.7. According to preferred embodiment,

the levels of interleukin-10 and interferon-gamma &
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measured by Enzyme Linked Immune Sorbant Assay (ELISAY, by
Tuminex ® analysis, by lab-on-chip systems, by radico—immune
ssay ox other systems based on specific molecula

recogniticon of IL1I0 and IFNyYy using antibodies or other

'“’i’}

fic molecules

[
{T‘

%71

pec

As wused herein, the terms “immunogenic composition”
"vaccine composition®, "vaccine" or similar terms can be used
nterchangeably and mean an agent suitabl for
stimulating/inducing/increasing a patient’'s lmmune system to
ameliorate a current condition, 2.g. ¢t
rate, or to protect against or to reduce present or future
harm or infecticons (including wviral, bacterial, parasitic
infections), e.g., reduced tumour cell proliferation or
survival, reduced pathogen replication or spread in & patient
cr a detectably reduced unwanted symptom(s) associated with a
condition extend  patient survival. Seid  immunogenilc
corrposition can contalin at least (i) all or part ¢f at least
one targeted antigen and/or (ii) at least one recombinant
vector expressing in vive all or part o©f at least one
heterologous nucleotlde seguence, especially an heterologous
nucleotide seguence encceding all or part of at least one
targeted antigen. According to an alternate embodiment, the
immunogenic composition ©f the Invention comprises (1iii) at
least one immune response modlfiey, alone or in combination

with (i) and/or {ii). Exzamples of such immune response

0

lipopoclysaccharides, polyinesic:polycytidylic
(Kadowaki, et &l., 2001, J. ZImmunol, 16
polypeptides and proteins known to induce cytokine production
from dendritic «cells and/cr monocyte/macrophages. Other
exanples of such immune response modifiers (IRMs) sre small
crganic molecule such as imidazocuinclinamines,

v

imidazopyridine amines, §6,7~fused cycloalkylimidazopyridin
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amines, imidazonaphthyridine amines, oxazologuinoline amines,
thiazologuinoline amines and 1,2-bridged imidazoguincline
(see Ifor example US 4,68%,338; US 5,385,640; US
§,110,929; and U5 6,331,53%}. In another embodiment, the
5 imrunogenic composition comprises cells whnich stimulate &
patient 1lmmune response to treat a disease, such as cancer,
Said cells can be antigen presenting cells, such as dendritic
cells, combined with an antlgenic composition (e.g. Provenge
developed by bendresn  Corperation) , tumor cells (e.g. GVAX

10 developed by Cell Genesis) or lymphocytes.

As used herein, rthe term Mantigen” refsrs to any
substance, including complex antigen (e.g. tumour cells,
virus infected c¢ells, dendritic cells, etc...), that is

apable of being the target of an immune response, An antigen

15 may be the target of, for axample, a cell-mediated and/or
humoral immune response raised by a patient. The term
“antigen” encompasses for example all or part of viral
antigens, tumour-specific or tumour-related antigens,

erial antigens, parasitic antigens, allergens and the

o
W
ot

- Viral antigens include for example antigens from
hepatitis wviruses 2, B, C, D and E, HIV, herpes wviruses,

T
cyvtomegalovirus, varicella zoster, papilloma viruses, Epstein
o b [
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rubella virus, papovirus, munps virus, measles virus; scme
non~limiting examples of known wviral antigens includ

owing : antigens derived from HIV~1 such as tet, nef,
30 gpl20 or gpl€é0, gp40, pZ4, gag, env, wif, vpr, vpu, rev or

part and/cr combinations thereof; antigens derived from human

[

herpes viruses such as gH, gL gM gB gC gK gE or gD o

part

f

and/or combinations thereof or Immediate Early protein suc

oy

asICp27, 1ICp47, 1ICP4, ICP36 Zfrom HSVL or HSV2Z ; antigen

3



L

140

15

WO 2011/003905 PCT/EP2010/059635

18
derived rom cytomegalovirus, egpecially hunan
cytomegalovirus such as gB or derivatives thereof | antigens
derived from Epstein Barr virus such as gp350 or derivatives
t

hereof; antigens derived from Varicella Zoster Yirus such

W
o]
4
l.J
0
m
o]
o
Q.

3 erived from a hepatitis
virus such as hepatitis B , hepatitis C or hepatitis B virus
antigen {e.g. env protsin El or EZ, core protein, NS2, NS3Z,
NS4z, NS4b, NSBa, N85k, p7, or part and/or combinations
thereof of HCV) ; antigens derived from human papilloma
viruses (for example HPVE,11,1¢,18, e.g. L1, 12, El, EZ, EZ,

E4, E5, E6, E7, or part and/or combinations thereocf) ;

antigens derived from other viral pathogens, such a=
Resplratory Syncytial virus (e.¢g. F and G rotelns  ox
derivatives thereof), parainfluenza virus, measles virus,

mumps virus, flaviviruses {(e. g. Yellow Fever Virus, Dengue
Virus, Tick-borne encephalitis virus, Japanese Encephaliti
Virus) or Infivenza wvirus cells (e.g. HA, N?, NA, or M
proteins, or part and/or combinations thereof);

-  tumor-specific or =-related antigens include but
are not limited to, carcinoma, lymphoma, blastoma, sarcoma,
and leukemla. More particular examples of such cancers
include Dbreast cancer, prostate cancer, colon cancer,
sguamous cell cancer, small-cell lung cancer, non-small cell
lung cauncer, gastrolntestinal cancer, pancreatic cancer,

glioplastoma, cervical cancer, ovarian cancer, liver cancer,

carcinoma, salivary gland carcinoma, kidney cancer, liver
cancer, wvulval cancer, thyrold cancer, hepatic carcinoma and

various types of head and neck cancer, renal cancer,

malignant melanoma, laryngeal cancer, prostate cancer. Cancer
antigens are antigens which «can potentially stimulate

apparently tumor-spscific immuns responses. Some of these
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though not necessarily expressed, by

normal cells. These antigens can be characterized as those
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which are normally silent (i.e., not expressed) in normal
cells, those that are expressed only at low levels or at

a

C

®

rtain stages of differentiation and those that are
temporally expressed such as embryonic and fetal antigens.

Cther cancer antigens are encoded by mutant cellular genes,

such as oncogenes {e.g., activated ras oncogens), suppressor

e}

ftn

genes (e.g., mutant p53), fusion proteins resulting from

internal deletions or chromosomal translocations. Still other
cancer antigens can be encoded by viral genes such as those
carried on RNA and DNA tumor viruses. Some non-limiting
examples of tumor~specific or -related antigens include MART-
1/Melan-4, gplil0, Dipeptidyl peptidase IV (DPPIV), adenosine

deaminase-binding protein (ADAbp), cycicphilin b, Colorsctal

el

associated antigen (CRCY-CO1T7-1A/GAT33, Carcinoembryonic
Antigen (CEA} and its immunogenic epitopes CAP-1 and CAP-2,
etvé, amll, Prostate Specific BAntigen (PSA} and its
immunogenic epitopes PSA~1, PSAR-2, and PSRE-3, rostate-
specific membrane antigen (PSMA), T-cell receptor/CD3~zeta
chain, MAGE-family of tumor antigens (e.g., MAGE-AIl, MAGE-AZ,
MAGE-A3, MAGE-~A4, MAGE-AL, MAGE-AG, MAGE-A7, MAGE-AB, WMAGD-
A%, MAGE-AL(Q, MAGE~All, MAGE-AL1Z, MAGE-XpZ (MAGE-BZ2), MAGE-
Xp3 (MAGE~B3}, MAGE~Xp4 (MAGE-B4), MAGE-CLl, MAGE-{2, MAGE

]
1
(@}
[

MAGE-C4, MAGE-C5), GAGE-family cf tumor antigens {e.g., GAGE~

1, GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE~-&, GAGE-7, GAGE-8,

tyrosinase, p53, MUC family (e.g. MUC-1), HER2/neuw, pZlras,

Q_s
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E~cadherin, alpha-catenin, beta-

NY-ES30-1, cdc27, adenomatous polyposis coli protein (APC),
fodrin, Connexin 37, Ig-idioctype, pl3, gp75, &M2 and GD2
gangilosides, viral products such as human papilloma wvirus
proteins, Smad family of tumor antigens, Ilmp-1l, PlA, EBV-

encoded nuclear antigen (EBNA)~1, brain glycogen
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phosphorylase, 88¥-1, 8S8SX-2 (HOM-MEL-40}), SSX-1, 8S8X-4, S84~

5, SCP~1 and CT-7, and c-erbB-Z;

- bacterial antigens includes for example antigens
From Mycobacteria causing TB and leprosy, pnsumecci, aercbic
gram negative bacilli, mycoplasma, staphyloccocal infections,

streptococcal infections, salmenellae, chlamydiae,

nelssariae;

- other antigens incliudes for example antigens from

malari

W)

] leishmaniasis, trypanocscmiasis, toxoplasmosis,

.

ariasis;

j35]
th

[

schistosomiasi £1

i
[63]
-

- allergens refer to a substance that can induce an
allergic or asthmatic response in & susceptible patient. The
list of allergens is enormous and can include pollens, insect
venoms, animal dander dust, fungal spores and drugs (e.9.
penicillin). Examples of natural, animel and plant zllsrgens
include but are not limitec to proteins specific to the
following genuses: Canine {Canis familiaris);
Dermatophagoides (e.qg. Dermatophagoides farinae): Fells
({Felis domesticus); Ambrosia (Ambrosia artemiisfclia; Lolium
{e.g. Lolium perenne or Lolium multiflorum): Cryptomeria
(Cryptomeria Jjaponica); Alternaria (Alternaria alle
Alder; Alnus {Alnus gultinocasa); Betula ({(Betula verrucosa);

Quercus {Quercus albaz); 0Olea {Olea eurcopa); Artemisia

judaica); Blattella (e.g. Bliattella gexmanical; Apils (e.qg.

Apis multiflorum); Cupressus (e.g. Cupressus Ssempervirens,
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ecyparis obtusa); Periplaneta (e.g.
Periplaneta americana); Agropyron (e.g. Agropyron repens);
e

Y3 Triticum ({(e.g. Trizicum
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agstivum); Dactylis (e.g. Dactylis glomerata); Festuca (e.g.
e.g. Poa pratensis or Poa compressa);
Avena (e.g. Avena sative); Holcus (e.g. Holcus lanatus);
t

Anthoxanthum ({(e.g. Anthoxanthum odora

-~

Phleum (e.g. Phleum pratense); Phalaris (e

According to one specizl embodiment, said antigen is
»ncoded by an  heterclogous nucleotide seguence and 1is
expressed in vivo by a recombinant vector.

In a particularly preferred enbodinment the

eotide seguence of the present invention,

1

heterologous nucl
encodes one or more of all or part of the following antigens
HRV~PreSl PreS2 and Surface env proteins, core and polHIV-

b
H

gpl20 gp40,gplsd, p24, ocag, pol, e

]

v, vif, wvpr, vpu, tat,
rev, nef; HPV-El, E2, E3, E4, E5, E6, E7, EB, L1, L2 (see for
example WO 90/10459, WO 98/04705, WC 29/03885); iCV env
protein El or E2, core protein, NS2, NS3, NS4a, NS4b, NSz,
N35b, p7 {see for example WO2004111082, WO2005051420); Muc-1
{see for @xample Us 5,861,381; US6,054,438; WOLB/04727;
Wo98/370%5

Accerding to variants of the invention, the
immuncgenic composition contains at lsast two antigens, or an
heterologous nucleotide sequence encoding at least two

ntigens, or at least two heterologous nucleotlde seguences
encoding at least two antigens, or any combination thereof.

(1

According to ancther special enbodiment, sald
heteroleogous nucleotide seguence of the present invention,

encodes all or part of HPV antigen{s) selected in the group

3

e
consisting of Eé early coding region of HZV, E7 early coding

region of HPV and derivates or combination thereci.
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The HPV antigen encoded by the recombinan vector
according +to the invention 1s selected in the group
consisting of an HEPV E6 polypeptide, an HPV E7 polypeptide or
poth an HPV E& polypeptide and an HPV E7 polypeptide. The
present invention encompasses the use of any HPV E6
polypeptide which binding to p33 is sltered or at least
significantly reduced and/or the wuse of any HPV EB7

y

peptide which binding tc Rb is altered or at least

zl., 1892, J. Virocl. €6, 2148-2427). A non-oncogenic HPV~16
E6 wvarient which is suitable for the purpose of the present
inventicn 1s deleted of one or more amino acid residue
located from approximately position 118 to approximately
position 122 (+1 representing the first methionine residue of
the native HPV-16 E6 polypeptide), th a special preferenc

for the complete deletion of residues 118 te 122 (CPEEK). A
norn~oncogenic HPV-16 E7 variant which is stuitable for the
purpose of the present invention is deleted of one or more

Ls}

amino acid residues located from approximately position 21 to
approximetely pesition 26 (+1 representing the first aminc
acid of *he native HPV~-16 E7 polypeptide, with a spscial

preference for the complete deletion of residues 21 to 26

(DLYCYE) According to a preferred embodiment, the one or
more HPV~16 early polypeptide(s) in use in the invention
is/are further modified sc as to improve MHC class I and/or

MHC class I presentation, and/or to stimulate anti-HPV
immunity. HPV B6 and E7 polypeptides are nuclezar proteins and
it has been previcusly shown that membrans presentation
permits to improve thelr therapeutic efficacy (see fox

example WO32/03

ot
]

88
ast one c¢f the HPV early polypeptide(s) so as to be

anchored to the c¢ell membrane. Membrane anchorage can be
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eazsily achieved by incorporating in the HPV early polypeptide

. B s x

a membrane-anchoring seguence and 1f the native polypept

.

ae

L_x_

(D

lacks 1t a =secrestory seguence (i.e. a signal peptid
Membrane-anchoring and secrstory seguences are known in the
art. 2riefly, secretory seguences are present at the N-
terminus of the membrane presented or secreted polypeptides

and initiate their passage into the endoplasmic reticulw

—
=

(ER) . They usually comprise 15 to 35 essentially hydrophobic

amino acids which are then remcved by a specific ER-located
endcpeptidase to give the mature polypeptids. Membrane-

anchoring seguences are usually highly hydrophokic in nature
and serves to anchcr the polypeptides in the cell membrane

(see Ffor example Branden and Tooze, 1891, in Introduction to

The choice of the membrane-anchoring and secretory
seqguences which can be used in the context of the present
invention is vast. They may be obtained from any membran

sing

i_-i.

anchored and/or secreted polypeptide compris it (e.qg.

IQ

cellulaxr or viral polypeptides) such as  the rapies
glycoprotein, of the HIV virus envelope glycoprotein ox of

the measles virus F protein or may be synthetic. The membrane

anchoring and/cxr secretory seguences serted in each of the
early HPV-16 polypeptides used according to the invention may
have a common or different origin., The preferred site of

insertion of the =secretory the N-terminus

¥
@
£
v
D
w3
0
O

‘._l..

downstream of the codon for initiation of translation and
that o©of the membrane-anchering seguence is the C-terminus,

for example immediately upstream of the stop codon.

The HPV E€ polypeptide in use in the present invention

is preferzbly modified by insertion of the secretory and

membrane-anchoring signals of the measles F protein.

Opticnally or in combination, the HPV E7 polypeptide 1in use

J

g preferably modified by insertion

(SN

in the present invention
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of the secretory and membrane-anchoring signals of the rabies

glycoprotain

The therapeutic efficacy of the recombinant vector can
glso be improved by using one or more nucleic acid encoding
immunopotentietor polypeptide(s). For example, 1t may be
zdvantageous fto link the HPV early polvpeptide(s) <o a
polypeptide such as calreticulin (Cheng et s1., 2001, J.
Clin. Invest. 108, 669-€78), Mycobacterium tuberculosis heat
shock protein 70 ({HSP70) {Chen et al., 2000, Cancer Res. 60,

0 guitin {(Rodrigusz et al., 1997, J. Virol. 71
3487-8503) or the transliocation domain oI a bacterial toxin
such as Pseudomonas aerugincsa exctoxin A (ETA{dIII}} (Hung

et al., 2001 Cancer Res, &1, 3698-37G3).

According to another and preferred embodiment, the
recombinant wvector according te the invention comprises a

nucleic acid enceding one or more early polypeptide(s) a

£n

above defined, and more particularly HPV-16 and/or HPV-18
early E6 and/cr ET polypeptides.
According to another special and preferred embodiment,

said heterclogous nucleotide sequence of the present

invention, encocdes all or part of MUC 1 antigen or derivates

thereof.
According to another special embodinent, said
heterclogous nuclectide seguence of the present invention,

encodes one or more of all or part of the followings: HCV env

protein Bl or E2, core protvein, NSZ, NS3, NS4z, NS4b, NS5a,
N85b, p7 or derivates thereof. According to another special

enbodiment, sald heterclogous nucleotide sequence of the

present invention, encodes one or more fusion protein wherein

ot

ca 87

},..J

the configuration is not native in the sense that at
one of the NS5 polypeptides appears in an order which is

disgtinet from that of the native configuration. Thus, if the

e

i

fusion protein comprises a NS3 polypeptids, a  NS4A
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polypeptide and a NS5B polvpeptide, the native configuration
would he NS3-NSZA-NS5B with NS3 at the N-terminus and NSSB at
the C-terminus. In contrast, a non-native coanfiguration can
be NSLER-NS3-NS4A, NSSB-NS4A-NS3, NS4A-NS3-NSLB, NS4A-NSEB~NS3
or NS3-NSS5B~NS4A. In particular, the fusion protein according

to the invention comprises at least one of the followings:

o A NS4A pclypeptide fused directly or through a
linker to the N-terminus of a NS3 polypeptide;

c A NS3 polypeptide fused directly or threough =a
linker to the N-terminus of & NSLB polypeptide;

o A NS4B poclypeptide fused directly or through a

linker to the N-terminus of

o))

N35B polypeptide;

o A NS4A polypeptide fused directly or through a
e

linker to the N-terminus of a NS3 polypsptide which

is fused directly or through a linker to the N-
terminus of a NS4RBR polypeptide; and/or

o A NS3 polypeptide fused directly or through &
Iinker to the N-terminus of a HNE4B porypeptide
which is fused directly or through a linker to the
N~terminus of a NSEB polypeptide.

In such specific portions of the fusion protein of the
invention, each of the NS polypeptides can be independently
native or modified. For example, the NS4A polypeptide
included in the NS4A-N83 portion can be native whereas the

N33 polypeptide comp least one of the modifications

"’:5
s_l_
ur
O
0
u
ot

cescribed below.

If needed, the nuclelic acid molecule in use in the
invention may be optimized for providing high level
expression of the targeted antigen (e.g. HPV  early
polypeptide(s)) in a particular host cell or organism, €.y¢. 2
human host cell or organism. Typically, codon optimisation is
performed by replacing one or more “native” (e.g. HPV} codon
corresponding to a codon infrequently used in the mammalian

host cell by one or more codon encoding the same aminoc acid
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- 3

which is more frequently used.

]

‘....v.

n can be achieved by
conventional mutagenesis or by chemical synthetic techniques
{fe.g. resulting in a synthetic nucleic acid). It is not
necessary to replace all native codons corresponding to
infregquently used codons since increased expression can be
achieved even with partial replacement Moreover,  some
deviations from strict adherence to optimised codon usage may
be made to accommodate the introduction of restriction

site{s).

Az used herein, the term "recombinant vector™ refers to
viral as well as non viral vectors, including
extrachromosomal (e.g. epilsome), multicopy and integrating
vectors (i.e. for being i1ncorporated into the  host
chromosomes) . Particularly important in the contezxt of the
invention are vectors for use in gene therapy {i.e. which are
capable of delivering the nucleic acid to a host organism) as
well as expression vectors for use in wvaricus expression
systems. Suitable non wviral wvectors include plasmids such as
pREP4, pCEP4 (Invitrogsne), pCl (Promega), pCDMB (Seed, 1987,

Nature 329, B840), pVAX and pgWiz (Gene Therapy System Inc;

s
»
oot

i et &l., 2002, J. Virxol. 76, 12735-1274¢). Suitable
viral wvectors may be derived from a variety of different
g. retrovirus, adenovirus, AAV, poxvirus, herpes

g
virvs, measle virus, foamy virus and tThe I

t__:.
b
O
23
o
{
D
Q.

herein, the term "viral vector" encompasses vector DNA/RNA as
]

well as viral particles generated therecof., Viral

o
€}
4
m
irat
A
Tomsd
F de
O
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or
-

on-cempetent, or can be genetically disabled so
as to be replication-defective or replication-impaired. The

.

term "replication-competent” as used herein encompasses

s
U

and conditionally-replicative wviral
vecteors which are engineered to replicate Dbetter or

selectively in specific host cells (£.g. tumoral cells).

In one aspect, the recombinant vector in use in the
e
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see “Adenoviral vectors for gene therapy”, 2002, Ed D. Curiel

and J. Douglas, Academic Press). It can be derived Zfrom a

variety of human or animal sources and any serotype can be

employed from the adencvirus serctypes 1 through 5l.

5 Particularl ferred are human adenoviruses 2 {Ad2), 5
5

Y
(Bd5), o (ade), 11 (Adll), 24 (AdZ24) and (Rd35) ., Such

.

adenovirus are available from the ZAmerican Type Culture

b

Collection (ATCC, Rockville, Md.}, and have been the patient

of NUMErous publications describing their seguence
10 organization and methods of producing, aliowing the artisan
te apply them (see for sexample US 6,133,02%; US 6,110,735; WO

02/40665; WO 00/50573
Virol. 77, B8263-8271).

7

6
P 1016711; Vogels et =al., 2003, J.

The adenoviral wvector in use in the present invention
15 can be replication-competent. Numerous examples of
replication-competent adenoviral vectors are readily
available to those gkill in the art (see, for exanmple,
Hernandez-Zlcoceba et al., 2000, Human Gene Ther. 11, 200%-
2024; Nemunaitis et al., 2001, Gene Ther. 8, 746-759; Alemany
20 et al., 2000, Nature Biotechnology 18, 72 3 727). For example,
they can be engineered from a wild-type adencvirus genome by
deletion in the EIA CR2 domain (see for example WO00/24408)
and/or by replacement of the native El and/or E4 promoters
th

tissue, tumer or cell s

[
Lh

T
example US 5,998,205, WO99/25860, US 5,698,443, WOO0/46355,
WO00 /15820 and WO01/36650) .

Alternatively, the adencviral wvector 1in use in the

~

invention is replication-defective (see for example

Wos4/28152; Lusky et al., 1898, J. Virol 72, 2022-2032).
30 Preferred replication-defective adencviral vectors are EI
defective (see for example US 6,136,594 and US 6,013,638},
with an El deletion extending from approximately positions
459 to 3328 or from approximately positions 458 to 3

reference to the seguence of the human adenovirus type 5
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disclosed in the GeneBank under the accessicn number ¥ 73260
and in Chroboczek et al., 1892, Virol., 186, 280-28%). The

clonin capacity can further be improved by deleting

83

additionel portiocn{s) of the adenoviral gencme (all or part
of the non essentizsl E3 regilon or of other essentliszi Ez2, E4
regions). Insertion of a nucleic acid in any location of the
adencviral vector c¢an be performed through homologous
recombination as described in Chartier et al. (19%6, J.
Virol. 70, 4805-481C¢). For example, the nucleic acid encoding
the HPV-1€ E6 polypeptide can be inserted in replacement cf
gion and the nucleic acid encoding the HPV~16 EJ

<
polypeptide in reglacement of the E3 region or vice versa.

In ancther and preferred aspect, the vector in use in
the invention is a poxviral vector (see for sxample Cox et
al., in “Wiruses in Human Gene Therapv” Ed J. M. Hos, Carclina
Academic Press). According to another preferred embodiment it
is selescted 1in the group ccnsisting of vaccinia virus,

uitable wvaccinla viruses include without limitation the
Copenhagen strain {Goebel et al., 1880, irol. 17%, 247-266
and 517-563; Johnson et al., 19893, Viroi. 196, 381-401), the
Wyeth strain and the highly attenuated attenuated virus
derived thereof including MVA (for review see Mayr, A,, et
al., 1975, Infection 3, €-14) and derivates thereof |

S
(ECACC V00120707 -~ US 6,913,752,

(@1
=1

MVA wveaccinis strain 57

NYVAC {see WO ©2/1067Z - Tartaglia et al., 1992, Viroclogy,
188, 217-23Z). Determination oI the complete sequence of the
MVA genome and comparison with the Copenhagen VV genome has

=
jo]
=
¢}
[@]
P
13
{
[N
o,

allowed t entification 0f the seven deletions (
to VII) which occurred in the MVA genome (Antoine et eal.,
1988, Virclogy 244, 365-3%6), any of which can be used to
insert the antigen-encoding nucleic acid. The vector may also
from ‘any other member of the poxviridas, in
particular fowlpox {e.g. TROVAC, see Paocletti et al, 1995,

63

"

; canarypox (e.g. ALVAC, WC

=

;ma

Dev Riol Stand., 84, 159~
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9% /27780, Paoletti et =21, 19885, Dev Biol Stand., 84, 155~
163); pigeonpox; swinepox and the like. By way of example,
persons skilled in the art may refer to WO 92 15672
{incorporated by reference} which describes the production of
expression vectors pased on poxviruses capable of expressing
such heterclogous nucleotide seguence, especially nucleotide

gequence encoding antigen.

replication compeatent poxrvirus, especially replication
competent vaccinia virus. Examples of these virus are
provided in W09531105 (e.g. products JX5%4, VV TK- GMCST or

J¥963, VV TR- VGF- GMCSF), WO0073479, WO2009/063547,
WO2009/065546.

The basic technique for inserting the nucleic acid and
associated regulatory elements required for expression in a

poxviral genome is described in numerous documents accessible
to the man skilled in the axrt (Paul et al., 2002, Cancer gene
Ther. 9, 470~477; Piccini et 2l1., 1987, Methods of Enzymoiogy
153, 545-363 ; US Uus 4,772,848 ; US 4,603,112 ;

Us 5,100,587 and US 5,178,98983). Usually, one proceed through

s
O
~
w
w
<
~e

homologous recombination between overlapping sequences (i.e.

desired insertion site) present both in the viral genome and

a plasmid carrying the nucleic acid to insert.

The nucleic acid encoding the antigen of the Invention

=)

is @preferably inserted in a nonessential locus of the
pexviral genome, in order that the recombinant ponvirus
remains viable and infectious. Nenessential regions are non-

coding intergenic regions or any gene for which inactivation

=)

or deletion does not significantly dimpair wviral growth,
replication or infection. One may also envisage insertion in
an essential viral locus provided that the defective function
is supplied in trans during production c¢f viral particles,

for example by using an helper cell line carrying the
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complementing sequences corresponding to those deleted in the

poxviral gesnome.

i~

When using the Copenhagen vaccinia virus, the antigen-
encoding nucleic acid is preferably inserted in the thymidine
kinase gens {(tk) (Hruby et &l., 19

UShA 80, 3411-3415 ; Weir et al., 1983, J. Vircl. 46, 3530~
537y. However, other insertion sites are alsc appropri

r
e.g. in the hemsgglutinin gene (Guo et al., 188%, J. Virol.

63, 4

[

89-4198), in the KIiL locus, in the u gene (

1980, J. Gen. Vireol. 71, 2185-215%0) or at the left end of the
vaccinia virus genome where a variety of spontanecus or
engineered deleticons have been reported 1in the literature
(Altenburger et al., 1989, Archives Virol. 103, 15-27 ; Moss
et al. 1981, J. Virol. 40, 387~395 ; Panicali et al., 1981,
J. Virecl. 37, 10060-1010 ; Perkus et al, 1989, J. Virol. 63,
3829-3836¢ ; Perkus et al, 1580, Virol. 178, 276-286 ; Pe
et al, 1991, Virel. 180, 406-410C).

~
N
ot
0

inserted in any one of the identifie
as in the D4R locus, but insertion in deletion II or III
7

1
is preferred (Mever et al., 1991, J. Gen. Virol. 72, 103i-
1

i
1038 ; Sutter et al., 1994, Vaccine

Wher: using fowlpex virus, aslthough insertion within the
tnymidine kinase gene may be considered, the antigen-encoding
nucleic acid iz prefersbly introduced din the intergenic
region situated beiween ORFs 7 and 9 (see fcr example EP 314

569 and US 5,180,675).

According to one special embodiment, sald recombinant

vector 1s a recombinant plasmid DNA or & recombinant viral
vector.
According to anothexr special embodiment, sald

M

recombinant viral vector is a recombinant vaccinia vector.
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According to another speclal embodiment, said

recombinant vaccinia vector is a recombinant MVA vector.

referakly, the antigen-encoding nucleic zac

the invention iz in a form suitable for its
host c¢ell or organism, which means that the nucleic acid

sequence encoding the antigen are placed under the contrecl of
one Or more regulatory sequences necessary for its expresssion
in the host ¢ell or organism. As used herein, the term

regulatory sequence” refers to any seguence that allows,
contributes or modulates the expressicn of a nucleic acid in
a2 given host cell, including replicaticn, duplication,
transcription, splicing, translation, stability  and/or
transport of the nucleic acid or one of its derivative {i.e.
mRNAY into the host cell. It will be appreciated by those
skilled in the art that the cheoice of the regulatory
sequences can depend on factors such as the host cell, the
vector and the level of expression desired. The nucleic acid
encoding the antigen 1s operatively Ilinked to & gene
expression seguence which directs the expression of the
antigen nucleic acid within a eukaryotic cell. The gene
expression sequence 4is any regulatory nucleotide seguence,
such as & promoter seguence or premoter-e

which facilitates the efficient transcription and translation

- 1 2

of the antigen nucle
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The gene expression sequence may, for example, be a

or wviral promoter, such as a constitutive or

promoter. Constitutive mammalian promoters include,
but are not limited to, the promoters for the following
genes: hypoxanthine  phosphoribosyl  transferase {HPRT),
adenosine deaminase, pyruvate kinase, b-actin promoter and
other constitutive promoters. Exemplary viral promoters which
function constitutively in eukaryotic cells include, for
example, romoters from the cytomegalovirus (CMV), simian

virus {e.q. SV40) apilloma wvirus, adenovirus, human
e v r &
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immunodefliciency virus (HIV), Rous SEXCOma virusg,
cytomegalovirus, the long terminal repeats {LTR) of Moloney
leukemia wirus and other retroviruses, and the thyvmidine

kinase promoter of herpes simplex virus. Other constitutive

wh

promoters are known to those of ordinary skill in the art.
The promecters useful as gene expression seqguences of the
invention also include inducible promoters. Inducible

promoters are exXpressed in the presence of an inducis

3
G
o
Q
@
“

FPor example, the metallothionein promoter 1s 1induced to

{G promote transcription and transistion in the presence of
certain metal ions. Other inducible promoters are known to
those of ordinary skill in the art. In general, the gsne
expression sequence shall include, as necessary, 5' non-
transcribing and 5' non-translating sequences involved with

15 zhe initiation of transcription and translation,
respectively, such as a TATA box, capping seguence, CRAT
sequence, and the like. Especially, such 5' non-transcribing
sequences will include a promoter region which dincludes =z
promoter seguence for transcriptional control of the operably
20 joined antigen nucleic acid. The gene expression seguences
optionally include enhancer sequences or upstream activaior
eguences as desired. Preferred promoters for use in a
poxviral vecter (see Dbelow) include without limitation

vacoinia 7.5K, HER, TK, p28, pll and K1L, chimeric

JJ
0y
s
o)
=
)
o
@
4
19))

25 promocters between early and late poxviral promoters as welil
zs synthetic promoters such as those described in Chakrabarti
et al. (1997, Biotechnigques 23, 1094-1097), Hammond et &l.
(1997, J. Virclogical Methods 66, 135-138}) and Rumar and

Boyle (1990, Virology 179, 151~158).

30 The promoter is of special importance and the present
invention encompasses the use of constitutive promoters which
direct expression o©f the nucleic acid in many types of host
cells and those which direct expression only in certain host

cells or in response to specific events or exogenoug factors
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{(e.g. by temperature, nutrient additive, hcrmone or other
rigand). Suitable  promoters are widely described in
literature and one may cite more specilfically viral promoters
such as RSV, 8V40, CMV and MLP promoters. Preferred p
for use in a poxviral vector include without imitation
vaccinia promoters 7.5K, HSR, TK, pZ8, pll and KIiL, chimeric
omoters between earxly and late poxviral promoters as well
as synthetic promoters such as those described in Chakrabarti
et al. ({1997, Biotechnigues 23, 1054-1097), Hammond et =al.
{1897, J. Virclogical Methods 66, 135-138) and FKumar and

Boyle (1990, Viroclogy 178, 151-158).

These skilled in the art will appreciate that the
guiatory elements controlliing the expression of the nucleic
acid molecule of the invention may further comprise
additional elements for proper initiation, reculation and/or
termination of transcription (e.g. polyAR transcription
armination sequences), mRNA  transport (e.g. nuclear
localization signal sequences), processing (e.g. spilicing

signals}, and stability ({(e.g. introns and non-coding 5' and

Y

3" seguences), translation (e.g. peptide signal, propeptide,

tripartite leader sequences, ribosome bindin

0
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Dalgamo seguences, etc.) into the host cell cor organism.
4
Alternatively, the recombLnaﬁ vector in use din the
present invention can further comprise at least one nucleic
aclid encoding at least one cytokine. Suitablie c¢ytokines

include without limitation interleukins (e.g., IL-2, IL-7, IL-

n e
nterieukin IL-Z2. When the recombinant
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cytokine-expressing

icleic  acid, said nucleic acid may be carried by the
recombinant vector encoding the one o©or more antigen(s) or by
an independent recombinant vector which can be of the =same or

a different origin.
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According to one most preferred embodiment, the

reccrmbinant vector in use Iin the present invention is

encoding all or p

d, and preferably an interleukin,
especially IL2. Preferably the recombinant vector in use in
the present invention is an MVA encoding zall or part of the
MUC1 antigen and at least one cytokines above listed, and

e
preferebly an interleukin, especially IL2.

Infectious viral particles comprising the above-
described recombinant viral vector can be produced by routin

process. An exemplary process comprises the steps of:

1

introducing the viral vector into a suitable cell

line,

b. culturing said cell line under sultable conditions

so as to allow the production of said infectious wviral

d. optionally purifying said recovered Infectiocus
viral particle.

r

Cells appropriate for propagating adenoviral vectors are

for example 293 cells, PERCE cells, HER9¢ cells, or cells as

disclosed in WO 94/28152, WO 97/00326, US 6,127,175.

Cells appropriate for propagating poxvirus vectors are
avian cells, and most preferably primary chicken embryo

fibroblasts (CEF) prepared from chicken embrvoes obtained from

The infectious viral particles may be recovered from the
culture supernstant or from the cells after lysis
chemical means, freezing/thawing, osmotic shock, mecanic

shock, sonication and the like). The wviral particle

n
[}
!
]
o}
[¢3]

isclated by consecutive rounds c¢f plague purification and
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then purified using the technigques of the art

e
{chromatographic methods, ultracentrifugatio

]
O
3
0
v
o
w
T2,
{.

=

by administering an immunogsnic composition comprising at
least one antigen) can be carried ott in the sel

patients in conjunction with one or more conventicnal

therapeutic modalities (e.g. radiation, chemctherapy and/cxr
surgery). The use of multiple therapesutic approaches provides

The sslected patient with a broader based intsrvention. In

£
.
[
e
R
4
j
t
=h
O
=

ne embodiment, the method or use for treating

human disease human disease according to the Inventlion can be

preceded or followed by a surgical intervention. In another
embodiment, 1t can be preceded or followed by radiotherapy
(e.g. gamma radiation). Those skilled in the art can readily
formulate  appropriate radiation  therapy protocols and
parameters which can be used (see for example Perez and

Brady, 1992, Principles and Practice of Radiation Oncology,

2nd Ed. JB Lippincott Co; using appropriate adaptations and
modifications as will be readily apparent to those skilled in
the field). In still another embodiment, the method c¢r use of

the invention 1s assoclated to chemotherapy with one or more
drugs (e.g¢. drugs which are conventionally used for treal

<N
or preventing viral infections, virus-associated peathclogl

Iy

conditions, cancer, and the like).

relates fto a method for
improving +the treatment of & cancer patient which 1s
undergoing chemotherapeutic treatment with a chemotherapeutic

agent, said method comprising the following steps

- selection of patient in a patient population

s

composed of patients that have low IL10/IFNy ratio,
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- administering to said selected patients an
immunogenic cemposition accorxding te the Invention
and a chemotherapeutic agent.

The present Invention thus relates tec a method for

5 improving the treatment of a cancer patient which is

h

chemotherapeutic treatment with z chemotherape

@
o
4'!
(’)

rnt, szid method comprising the following steps :

-~ = measuring in biclogical semple {(e.g. blocd oz

lasma or serum) from the patisnt the levels of ILI0

T3

10 and IFNy,

o,

- calculating IL1IO/IFNy ratio, and
- administering to the patient the sald imumunogenic
composition 1f said patient has low IL10/IFNy ratio

according to the Invention.

th

Zccording to one embodiment, the administration of said

Javed

chemotherapeutic agent is done before administration of said
immunogenic composition.

According to another embodiment, the administration of
sald chemotherapevtic agent is done after administration of

20 said immunogenic compositicn.

According to ancther embodiment, the administration of

said chemotherapeutic agent 1s done oncomitantly with
administration of said immunogenic compositicn
According to one embodiment, szid chemotherapeutic agent

25 is cisplatin and/or Gemcitabine, or similar.

The present Invention further concerns a method of
improving cytotoxic effectiveness of c¢ytoteoxic drugs (i.e.
chemotherapeutic agent) or radiotherapy which comprises co-
treating a patlent selected in a patient population composed

30 of patients that have low IL10/IFNy ratio with an immunogenic
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composition according to th
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=i

n a

)

other embodiment, the method or use of immunogenic
composition of the invention 1s carried out according to a
prime boost therapeutic modality which comprises sequential

administration of one or more primer composition(s) and one

S

3}

or more booster composition(s). Typically, the priming and
zhe boosting compositions use different vehicles which
comprise or enceds at least an antigenic domain in comrmon,
The priming immuncogenic composition is initially administered
to the host organism and the bocsting immunogenic composition
is subsequently administered to the same host organism aft

a period varying from one day to twelve months. The method of
the invention  may comprise one to ten sequential
administrations of the priming composition fol
ten sequential administrations of the boosting composition.
Desirably, indection intervals are a matter of one week to
six months. Moreover, the priming and boosting compositions
can be administered at the same site or at alternative sites

: .

by the same route or by different routes of administration.

According to a special embodiment, the desired clinical

benefit is independent of & demonstirable immune response Lo

According to one special embodiment, the Invention
lates *o a method as above described wherein sald human

disease 1s cancer.

Acocording to a preferred embodiment, said cancer is for
example breast cancer, colon cancer, kidney cancer, rectal
cancer, lung cancer, cancer of the head and neck, rensal

cancer, malignant melaznoma, laryngesl cancer, ovarian cancer,

[

cervical cancer, prostate cancer, non Small cell Lung Cancer,

haematolcogical cancers, gastric cancers, myeloma .
According to one special embodiment, the Inventieon

relates to & method as above described wherein sald human

disease is infectious disease.
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to a preisrred embodiment, said infectious

se 1s & viral induced disease, such as for example

by HIV, HCV, HBV, HPV, and the like.

P

r embodiment there 1s provided the use of an

5 immunogenic composition comprising all oy part of a targeted

antigen for the menufacture cof

Y

medicament for treating &

patient for human disease in & particular patient population
wherein the patients of said population have low IL10/IFNy
ratio.

10 In a2 further empodiment there is provided the use of an

immunogenic compositicen for the manufacture ©f a medicament

for inducing a

response) in  a

n  immune response (i.e. the raised immune

patient for treating human disease in a

particular patient population wherein the patients o¢f said

a

]

15 population have

In another

“

low IL10/IFNy ratio.

embediment there is provided the use of an

immunogenic composition for the manufacture of a medicament

for inducing an

immune response to at least cne antigen {i.e.

the ralsed immune response) in & patient for treating human
1

20 disease in &

particular patient population wherein the

patients of ssaid population have low ILIQ/IFNy ratio.

In another

empbodiment there 1s provided the use of an

immunogenic compoesition for the manufacture of & medicament

for inducing an immune response to a targeted antigen {i.e.

25 the raised immune response) in & patlent for treating human

disease in a

patients of

53]

In another

particular patient populaticn wherein the

aid population have low ILIO/IFNy ratio.

.

embodiment there is provided the use of an

immuncogenic composition for the manufacture of & medicament

30 for inducing an immune response (l.s. the raised immune

rasponse) in a

patient for treating human disease in a

particular patient population wherein the patients of said



10

15

20

S8
[ 4]

30

WO 2011/003905 PCT/EP2010/059635

39

population have low ILIC/IFNy ratio and wherein gaid raised
immune response is innate immune response.

According to one special embodiment, said ‘“radised
immune response” in said patient population is directed

toyards a tumour-specific or -related antigens and/or viral

;,
|
[
=
I

antigen. According to one embodiment, said “raised
response” in sald patient populaticon is directed towards
distinct antigens. According to one special embodiment, sald
“raiged immune response
irected *owards all or part of MUCL antigen. According to
another special embodiment, sald “raised immune response” in

said patient populatien is T cell immune response, and

|»J‘

preferably CD8+ (Cytotexic T Lymphocytes) immune response.
Zccording to another special embodiment, saild “raised immune
response” in said patient population is a non gpecific ilmmune
regponse or an immune response to disease assoclated antigens
not contained in the wvaccine formulation or an immune
response to disease assoclated antigens which 1s not
measureable by current technigues. Accerding to another
special embodiment, said “ralzed immune response” in said
patient populaticn 1s a stimulation of the innate immune

response.

The ability to induce cr stimulate an immune response

upon administration din an animal or human organism can be

evaluated either in vitro or in vivo using & variety of
assays which are standard in the art. TFor a general
description of technigues available to evaluate the onset and

3

activation of an immune response, see for example Coligan et

al. {1992 and 1994, Current Protocols in Immunclogy ; ed J
Wiley & Sons Inc, National Institute of Health). Measurement

of cellular immunity can be performed by measursment of
cytokine profiles secreted by activated effector cells
including those derived from CD4+ and CD8+ T~cells (e.g.

quantification of IL-10 or IFN gamma-producing cells Dby
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thymidine uptake),

assays

ssaying for antigen-

st

{e.g. paptide-
by detection of
MHC and/cr peptide

a

stimulate

Q

ng and/or

1989,

v bindir
Harlow,

the

murine tumor cells stermine anti-

reflecting an induction c enhancement of

immune response.

present invention further concerns & method

survival rate of a patient treated for
by

sald method comprising the

F=

for example cancer, administering

ollowin

an

-

fo ng

selection of patient in

4]

a patient population

composed of patients that have low IL10/IFNy ratio,

administering to sald selected patients the said
immunogeric composition.
present invention further oncerng a thod for
the survival rate of & patient treasted for numan
for example cancer, by administering an immunogenic
tion, saild method comprising the following steps
- measuring in the patient the levels of IL10 and
IFNy
calculating ILIO/IFNy ratio, and
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- administering to the patient the said immunogenic

composition if said patient has low IL10/IFNy ratio.

The present invention further concerns a method for
extending the survival rate of a patient treated for human
disease, for example cancer, by administering an immunogenic
composition and c¢hemotherapeutic agent (see above), said

method comprising the following steps

~  measuring in the patient the levels of I1IL10 and

IENy,

- calculating ILI0/IFNy ratio, and

- administering to the patient the sald immunogenic
composition and chemotherapeutic agent if said

patient has low IL10/IFNy ratio.

According to another embodiment, the present Invention
relates to the use of ILI0/IFNv ratic as a biomarkexr for
predicting whether a patient is or is not susceptible to
developing prophylactic or therapeutic response, preferably
immune response, by administration of an immunogenic
conmposition.

More specifically, the present Invention relates to the
use of ILIO/IFNy ratio as a biomarker for predicting whether
a patient is or is not susceptible to developing vrophylactic
or therapentic immune response by administretion of an
immunogenic  composition, wherein low IL1C/IFNy  ratio
indicates that the patient 1s predicted to have an incre
susceptibility to develop a prephylactic or therapeutic

£

response, pre

erably immune response

In other words, the present Invention relates to the
use of the IL10/IFNy ratio as a biomarker for predicting
whether a patienﬁ is or is not susceptible to survive longer
aftter admini ation of an immunogenic composition, wherein

low IL10/IFNy ratio indicates that the patient is predicted
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urvival rate compared to treated patients

who have higher IL10/IFNy ratio.

in other words, the present invention relates to an ex-
vivo method for predicting whether & patient is or is not
susceptikble to survive longer after administration of an

immunogenic composition, wherein the testing method comprises
the step of measuring levels cf ILL0 and INFy in a bilolilogical
sample (e.g. blood or plasmse or serum) from the patient,
calculating IL10/IFNy ratio, wherein low ILICG/IFNy ratio

indicates that the patient will have a longsr survival rate,

Thus the Invention further concerns the use of the
ILI0O/IFNY ratio =28 & biomarker for predicting whether =z
patient which is undergoing chemotherapeutic treatment with a

r
chemotherapeutic agent is or is not susc

£]

ptible to developing
prophylactic or therapeutic immune response (e.g. to survive

longer) after administration of an immunogenic composition.

Thus the Invention £urther concerns the use of the
IL10/IFNY ratic as a biomarker for predicting whether a
patient which is undergoing chemotherapeutic treatment with a
chemotherapsutic agent is or is not susceptible to developing
prophylactic or therapeutic immune response (e.g. to survive
longer) after administration of an immunogenic compositicn,
wherain low IL10/IFNy ratic indicates that the patient is
predicted to have an increased susceptibility to develop a

prophylactic or the

H

apeutic immuns response.

,_..

The present Invention thus relates to & method forx

improving the treatment of & cancer patient which i

143

undergeing chemotherapeutic treatment with a chemctherapsuti

-

agent, said method comprising the following steps :

- measuring in the patient the levels of IL10 and

IFNyv,
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-~ administering to the patient the said immunogenic
composition and chemotherapeutic agent 1f said

patient has low IL10/IFNy ratio according to the
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(i.e. companion test)

vhich  include parts for practicing the methods described

r

collecting and or measuring serum levels of levels of

10 and IFNy. Such reagents may include antibodiss. The kits may
further include eguipment for collecting and/or processing

biological samples. The kits are also likely tc contain

Fh

instructions for use, cut-off values (see above) and/or
instructions for their determination, and iastructions Zfor

15 interpreting the data obtained from the use of the kits,

According tc one special embodiment, the said kit of
parts, or kits, may Tfurther include an  Immunogenic
compesition as above disclosed, and/or as discleosed in the

Ixample section below.

20 The invention Ffurther provides computer programs and/or
al or monitoring clinical trial, levels of IL10 and
IFNY and I110 and IFNy ratio, determining whether such ratio

are above or pelow a threshold level, and/or recommending

treatment to improve & patient's response to an immunotherapy

25 treatment., The computer programs or aigerithms may be
provided along with necessary hardware, e.g., in the form of
& ¥it or apparatus, which may also accept bioclogiczl samples
and measure the relative levels of IL10 and IFNy present
therein and calculate IL10 and IFNy ratio. The above-~

30 described computer programs and/or apparatus are likely to be
provided +to physicians or clinical laboratories with
appropriate instructions and reagents, including antibodies.
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e of levels of IL1Q and INFy in the generaticon of an
algorithm for recommending modification to a treztment to
improve patient’s response to immunotherapy treatment by

irmmunogenic composition.

The invention has been described in an illustrative

manner, and it is to be understood that the terminology which

nas been used is intended to ke in the nature o¢f words of
degcription rather than of Ilimitation. Obvicusly, many

modifications and variations of the present invention are
possible in light of the above teachings. It is therefore t

be understood that within the scope of the appended claims,
the invention may be practiced in a different way from what

is specifically described herein.

All  of the above cited disclosures of ©patents
publications and database  entries are specifically
incorporated herein by reference 1in their entirety to the
same extent as if each such individual patent, publilication ox
entry were gspecifically and individuoally indicated to bhe

ncorporated by reference.

Exanmples

Figure 1: Survival curves describing vaccine

immunotherapy in lung cancer: patients with a ratio of plasma

IL-10/1fNg < or » 3.7, prior to treatment

—=25 Group 1 : Vaccine (i.e. immunogenic composition)

+ chemotherapy in patien

s with a low ratio of plasma IL-

t
10/IFNy. Low plasma IL-10/IFNy ratio defined as < 3.7. 40

nNo
£
0
=)
ot
=)
o

patients. Median survival=s Z1.

- Group Z : Vaccine + chemotherapy in
patients with high ratic of plasma IL-10/IFNy. High ratilo of

patients. Median

[
.

plasma IL-10/IFNy defined as > 3.7,

survival= 5.¢ months
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Significant difference, by log rank: p = 0.007

O Complete + Censored

Figure 2: Survival curves describing chemotherapy in
lung cancexr: patients with a ratic of plasma IL~10/IFNg < or

> 3.7 prior to treatment,

—~—— Groug L : Chemotherapy in patients with a low ratio of
plasma IL-10/IFNy. Low ratic of plasma IL-10/IFNy defined as <
3.7. 57 patients. Median survival= 10.8 months

O Group 2 : Chemotherapy in patients with high

io of plasma IL-10/IFNy. High ratio of plasma IL-10/IFNy

t
defined as > 3.7. 11 patients. Median survival= 8.4 months

Not Significantly different, by log rank: p = 0.92
O Complete + Censored

Among patilents with a pre-treatment ratio of IL10/IFNg of <
3.7, those treated with TG4010 + chemotherapy survived
significantly longer (median survival = 21.2 months) than did
patients treated with chemotherapy alone (median survival =
10.8 months) {(p=0.03 by log rank test). Median survival among
tients independent of plasma IL-10/IFNy rati is not
gigrificantly different: 10.7 months for patienfs treated
with TG4010 and chemotherapy: and 10.3 months Zfor patients

treated with chemctherapy alone.

Bxample 1 : The immunogenic composition, noted vaccine

TG4010, was used to treat non-small cell lung cancer (NSCLC)

3
m
[n3
Tt
M

nts in complnaticn with standard chemotherapy.
TE4010 1s a recombinant Modified Virus Ankara (MVA]
expressing both ILZ and the tumor-associated antigen MUCL

{see Rochlitz et al,, 2003, J. Gene Med., 5, 650-699).
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One hundred and forty elght patients were randomized tc

- chemotherapy (Cisplatin 75mg/m* on dl  and
Gemcitabine 1250mg/m® on day 1 and day 8 every 3 weeks

5 for up to © cycles) either alone (Study Arm 2) or

- chemotherapy together with TG4010 (Study Arm

Tumors were svaluated {(WHO criteria) every 6 wesks.

Endpoints were progression~free survival (PF3) at & months
r

Blood samples were tTaken pricr to treatment on day 1
(£irst day of treatment) and were shipped immediately to a
central immunology lab where plasma was isolated and stored

frozen until znalysis.

15 Plasma samples were assessed, at a central laboratory

for coytokines, using a Luminex mutli-analyte profiling

=

system.

F

pS

.gure 1 shows that patients [Arm 1 (TG4010  +
chemotherapy)] with a ratio of plasma concentrations of
20 Interleukin-10 / Interferon gamma of < 3.7 prior to therapy
survive longer {median survivai = 21.2 months) than do

patients with a ratio of plasma concentrations f

O

terleukin-10 / Interferon gamma > 3.7 prior to therapy

n
{(median survival of 5.6 months.

25 The data 1in Figure 2 demonstrates that the effect of
se.ecting patients based on the ratio of plasma

concentrations of Interlevkin-10 / Interfercon gamma < 3.7
pricr to therapy is restricted =to patients receiving the
vaccine in that Figure 2 shows that patients with a ratio of
30 plasma concentrations of Interleukin-10 / Interferon gamma <
or > 3.7 prior to therapy with TG4010 and have the same

survival expectancy.
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CLAIMS

An ex-vivo method for testing whether a patient will respond therapeutically to a

method of treatment comprising administration of an immunogenic

composition, wherein the testing method comprises the steps of:

obtaining a biological sample from the patient;

- measuring fevels of IL10 and IFNy in said biolcgical sample;

- caicutating 1L10/ IFNy ratio; and

- comparing said 1L10/ IFNy ratio with a threshold level, wherein low ?L?O/,
IFNy ratio indicates that the patient will develop a prophylactic or
therapeutic response towards the immunogenic composition with low
IL10/ IFNY ratio being below 5.

The method of claim 1 wherein said low 1L10/ IFNy ratio being below 4.

The method of claims 1 or 2 wherein said method of freatment is a method of
treating cancer.

The method of any one of claims 1 to 3, wherein said I1L10/ IFNy ratio is
determined by using antibodies specific for IL10 and INFy, respectively.

The method of any one of the preceding claims, wherein said biclogical sample
“is selected in the group consisting of total blood sample, plasma or serum.

The method of any one of the preceding claims, wherein said immunaogenic
compesition contains at least one recombinant vector expressing in vivo all or
part of at least one heterologous nucleotide sequence.

The method of claim 8, wherein said recombinant vector is a viral vector.

The method of claim 7, wherein said viral vector is replication-competent.

The method of claim 7, wherein said viral vector is replication-defective.
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- The method of any one of claims 7 to 9, wherein said viral vector is adenoviral,

The method of any one of claims 7 to 8, wherein said viral vector is vaccinia
vector.

The methed of any one of claims 7 to 9, wherein said viral vector is MVA
vector.

The method of any one of the preceding claims, wherein said patient is a
patient treated with chemotherapeutic agent.

Use of IL10/ IFNy ratio as a biomarker for predicting whether a patient is or is
not susceptible to developing prophylactic or therapeutic response by
administration of an immunogenic compaosition.



