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MEDICAL USES OF 4-1BBL ADJUVANTED RECOMBINANT
MODIFIED VACCINIA VIRUS ANKARA (MVA)

Technical Field

The present invention relates to the field of cancer immunotherapy, particularly to oncolytic
virotherapy. More specifically, the invention relates to a recombinant Modified Vaccinia Virus
Ankara (MVA) expressing a tumor associated antigen (TAA) and the costimulatory molecule
4-1BBL for use in the treatment, prevention and/or prevention of recurrence of tumors and
metastases, wherein the recombinant MVA is intratumorally administered to a solid tumor.
The invention also relates to respective methods of treatment.

Background

Human cancers are extraordinary heterogenous in terms of tumor antigen expression and
immune infiltration and composition. A common feature, however, is the host inability to mount
potent immune responses that prevent tumor growth effectively. Often, naturally primed CD8*
T cells against solid tumors lack adequate stimulation and efficient penetration of tumor tissue

due to the hostile tumor microenvironment.

The lack of potent immune responses against solid tumors due to the poor capacity of immune
cells to infiltrate or perform effector functions in the hostile tumor microenvironment (TME) is
a major challenge for cancer immunotherapy [1]. The concept of reprogramming the
immunosuppressive TME into an inflammatory one by tumor-directed therapy has attracted
much attention in recent years [2]. The aim is to activate immune cells that have already
homed to the tumor and local lymph nodes or recruit new immune cells to the TME, while
minimizing irrelevant activation of the rest of the immune system [3]. To achieve this, several
strategies are being explored in preclinical models as well as in the clinic, either employing
the local release and activation of biochemical signals derived from pathogen recognition and
unprogrammed cell destruction or local administration of immunostimulatory monoclonal

antibodies and cytokines [2].

Local oncolytic virotherapy relies on the concept of tumor-targeted therapy through specific
infection and destruction of tumor cells and modulation of the TME. The recent Food and Drug
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Administration (FDA) approval of the first-in-class oncolytic agent IMLYGIC, a modified herpes
simplex virus 1 encoding human GM-CSF, for stage Ill melanoma patients [4], emphasized
the great potential of oncolytic viruses (OV). There is a wide spectrum of viral families that
have been investigated for their oncolytic effects, including herpesvirus, poxvirus and
adenovirus, among others [5].

While historically tumor cell-specific replication and direct killing activity of OVs viruses were
considered the primary mode of action, initiation or augmentation of a host anti-tumor immune
response is now known to be essential for oncolytic virotherapy [6]. Hence, local virotherapy
can be regarded as an in situ vaccine that leads to the release of damage- or pathogen-
associated molecular patterns and immunogenic cell death accompanied by tumor antigen
release which ultimately results in the initiation of innate and adaptive anti-tumor immune

responses [7].

A salient feature of most OVs is their tumor specificity and their capacity to spread through
tumor tissue by viral replication and concomitant tumor cell lysis [8]. Despite their engineered
tissue tropism for tumor cells, the use of replication-competent viruses in patients still raises
safety concerns. MVA-BN is a highly attenuated vaccinia strain approved by the FDA
(JYNNEOS®) as a non-replicating vaccine against smallpox and monkeypox [9]. In addition,
a recombinant MVA-BN vaccine vector has recently been approved by European Medicines
Agency (EMA) as part of an Ebola vaccine and others are employed in clinical trials against
various infectious agents [10]. MVA is a potent inducer of Type | interferons (IFN) [11, 12, 13]
and elicits robust humoral and cellular immune responses against vector-encoded
heterologous antigens [14, 16]. Importantly, MVA cannot replicate in human cells as its
replication ability is restricted to embryonic avian cells [15]. Thus, the excellent safety profile
and immune stimulatory properties of MVA make it a prime candidate for therapeutic

interventions.

MVA can accommodate large transgene inserts facilitating the incorporation of heterologous
antigens and immune stimulatory molecules to elicit antigen-specific T cell responses and
enhance certain immune-activating pathways. CD40L-adjuvanted MVA drastically augmented
innate and adaptive immune responses upon IV injection [16, 17]. Furthermore, OVs
genetically altered with co-stimulatory molecules or inflammatory cytokines increased
therapeutic efficacy after intratumoral (IT) therapy [18]. Hence, IT treatment with MVA
encoding a tumor associated antigen (TAA) together with a co-stimulatory molecule might

enhance anti-tumor immune responses in the TME.

The tumor necrosis factor receptor (TNFR)-family member 4-1BB or CD137 is defined as a
bona fide co-stimulatory molecule in T cells. 4-1BB is transiently induced upon TCR
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stimulation and subsequent engagement of this co-stimulatory receptor leads to elevated
levels of cytokine secretion as well as the upregulation of the antiapoptotic molecules Bcl-2
and Bcl-xl. This results in increased proliferation and protection against activation-induced T
cell death which is also critical for the formation of immunological memory [19, 20]. 4-1BB
expression in tumor infiltrating T cells (TIL) [21], coupled with its capacity to promote survival,
expansion, and enhanced effector function of activated T cells, has made it an alluring target
for cancer immunotherapy. Indeed, stimulation of the co-stimulatory pathway 4-1BB/4-1BBL
is beneficial in many therapeutic cancer settings including mono- or combination-therapies
with agonistic 4-1BB antibodies or 4-1BBL-expressing viral vectors [22]. 4-1BB co-stimulation
is also central for third-generation Chimeric Antigen Receptor (CAR) T cell therapy, as its
endodomain is incorporated into the tumor binding chimeric receptor to enhance signaling and
consequently tumor cell killing [23].

Nevertheless, despite the notable progress achieved so far, there is still a need in further
medical uses of oncolytic virotherapy.

Summary of Invention

It is an object of the present invention to provide further medical uses of local, i.e. tumor
directed virotherapy using oncolytic viruses.

Briefly, the object of the present invention is solved by a recombinant MVA expressing a TAA

and the costimulatory molecule 4-1BBL for use in

(i) the prevention of recurrence of a solid tumor, wherein the recombinant MVA is
intratumorally administered to the solid tumor, or

(i) the treatment, prevention and/or prevention of recurrence of a tumor, wherein the

recombinant MVA is intratumorally administered to another solid tumor.

In particular, the invention is defined by the appended claims and by the following aspects and
their embodiments.

In one aspect, the invention provides a recombinant MVA comprising:

(@) a first nucleic acid encoding a tumor-associated antigen (TAA), and

(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in the treatment and prevention of recurrence of a solid tumor in a subject, wherein the

recombinant MVA is locally, preferably intratumorally, administered to the solid tumor.
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In a further aspect, the invention provides a recombinant MVA comprising:

(@) a first nucleic acid encoding a tumor-associated antigen (TAA), and

(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in the prevention of recurrence of a solid tumor in or after its remission in a subject,
wherein the remission is induced by or follows local, preferably intratumoral, administration of
the recombinant MVA to the solid tumor.

In another aspect, the invention provides a recombinant MVA comprising:
(@) a first nucleic acid encoding a tumor-associated antigen (TAA), and
(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in the treatment, prevention and/or prevention of recurrence of a secondary tumor in a
subject, wherein the recombinant MVA is locally, preferably intratumorally, administered to a
related primary solid tumor, but is not administered to the secondary tumor; or

for use in the treatment and/or prevention of recurrence of a primary solid tumor in a subject,
wherein the recombinant MVA is locally, preferably intratumorally, administered to a related

secondary solid tumor, but is not administered to the primary solid tumor; or

for use in the treatment, prevention and/or prevention of recurrence of a secondary tumor in a
subject, wherein the recombinant MVA is locally, preferably intratumorally, administered to
another related secondary solid tumor, but is not administered to the first mentioned secondary

tumor.

In yet another aspect, the invention provides a recombinant MVA comprising:

(@) a first nucleic acid encoding a tumor-associated antigen (TAA), and

(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in the treatment, prevention and/or prevention of recurrence of a tumor in a subject,
which tumor is in not dissectible or not accessible by surgery, wherein the recombinant MVA
is locally, preferably intratumorally, administered to another related solid tumor, but is not
locally, preferably intratumorally, administered to the first mentioned tumor.

In yet another aspect, the invention provides a recombinant MVA comprising:

(@) a first nucleic acid encoding a tumor-associated antigen (TAA), and

(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in the induction of a systemic anti-tumor immune response in a subject, wherein the

recombinant MVA is locally, preferably intratumorally, administered to a solid tumor.
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In yet another aspect, the invention provides a recombinant MVA comprising:

(@) a first nucleic acid encoding a tumor-associated antigen (TAA), and

(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in a systemic anti-tumor therapy, wherein the recombinant MVA is locally, preferably

intratumorally, administered to a solid tumor.

In yet another aspect, the invention provides a recombinant MVA comprising:

(@) a first nucleic acid encoding a tumor-associated antigen (TAA), and

(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in a neoadjuvant anti-tumor therapy, wherein the recombinant MVA is locally,
preferably intratumorally, administered to a solid tumor.

In yet another aspect, the invention provides a recombinant MVA comprising:

(@) a first nucleic acid encoding a tumor-associated antigen (TAA), and

(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in the induction of an anti-tumor immunological memory in a subject, wherein the

recombinant MVA is locally, preferably intratumorally, administered to a solid tumor.

In yet another aspect, the invention provides a recombinant MVA comprising:

(a) a first nucleic acid encoding a tumor-associated antigen (TAA), and

(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in the treatment of a plurality of tumors in a subject, wherein the recombinant MVA is
locally, preferably intratumorally, administered to at least one, but not all, of said plurality of

tumors.

The invention also provides methods of treatment for a patient having a plurality of tumors
comprising locally (preferably intratumorally) administering a recombinant MVA to at least one,
but not all, of said plurality of tumors, wherein the recombinant MVA comprises a first nucleic
acid encoding a tumor-associated antigen (TAA) and a second nucleic acid encoding a 4-1-
BB ligand (4-1-BBL).

These aspects and their embodiments will be described in further detail in connection with the

description of invention.
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Description of Drawings/Figures

Fig. 1 shows that therapeutic efficacy of intratumoral administration of MVA-TAA-4-1BBL
in unrelated, large tumor models is independent of the choice of antigen.

C57BL/6 (A-D) or Balb/c mice (E-F) received either 5x10°B16.0VA (A-B), 5x10°B16.F10 (C-
D) or 5x10° CT26.WT (E-F) cells subcutaneously (SC) in the flank. Seven to fourteen days
later, when tumors were above 60 mm?3, mice were immunized intratumorally (IT) either with
PBS or with the indicated MVA constructs. IT immunization was repeated on days 4 or 5 and
8 after the first immunization (dashed lines). (A) Tumor size follow-up (n=5 mice/group) and
(B) overall survival (n=20 mice/group) of B16.OVA bearing mice injected either with PBS,
2x108 TCIDso MVA-OVA or 2x102 TCIDso MVA-OVA-4-1BBL; (C) Tumor size follow-up (n=5
mice/group) and (D) overall survival (n=15 mice/group) of B16.F10 bearing mice injected
either with PBS, 5x107 TCIDso MVA-Gp70 or 5x107 TCIDso MVA-Gp70-4-1BBL; (E) Tumor size
follow-up (n=5 mice/group) and (F) overall survival (n= 10 mice/group) of CT26.WT bearing
mice injected either with PBS, 5x107 TCIDsy MVA-Gp70 or 5x10” TCIDsy MVA-Gp70-4-1BBL.
(A, C and E) data are representative of at least two independent experiments. (B, D and F)
represent overall survival of at least 2 merged independent experiments. Log rank test on
mouse survival was performed for figures B, D and F. *, p < 0.05; **, p < 0.005; ****, p <
0.0001.

Fig. 2 shows increased peripheral blood CD8* T cell responses in MVA-TAA-4-1BBL

immunized tumor-bearing mice.

(A) Representative dot plots and frequency of peripheral blood CD44* OVAgs7.064 Dext CD8*
T cells 3 days after last IT PBS, MVA-OVA or MVA-OVA-4-1BBL immunization of B16.OVA
tumor-bearing mice (n= 5 mice/group). (B) Representative dot plots and frequency of p15Eeos-
s11 peptide restimulated peripheral blood CD44* IFNy* CD8* T cells 3 days after last IT PBS,
MVA-Gp70 or MVA-Gp70-4-1BBL immunization of B16.F10 tumor-bearing mice (n= 5
mice/group). (C) Representative dot plots and frequency of AH1s.14 peptide restimulated
peripheral blood CD44* IFNy* CD8* T cells 3 days after last IT PBS, MVA-Gp70 or MVA-Gp70-
4-1BBL immunization of CT26.WT tumor-bearing mice (n= 5 mice/group). (D) Representative
picture of vitiligo development in IT MVA-TAA-4-1BBL cured C57BL/6 mice. (E) Pie chart
displaying vitiligo incidence of IT MVA-TAA (data combined from MVA-OVA and MVA-Gp70)
and MVA-TAA-4-1BBL (data combined from MVA-OVA-4-1BBL and MVA-Gp70-4-1BBL
combined) cured C57BL/6 mice, respectively. (A-E) Data are representative of at least two
independent experiments. (A-C) Data expressed as Mean = SEM. One-way ANOVA was
performed. ***p < 0.005, ****p < 0.001.
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Fig. 3 shows MVA localization upon IT MVA injection and induction of inflammatory
cytokines by MVA-OVA and MVA-OVA-4-1-BBL.

(A) C57BL/6 mice received 5x10° B16.OVA cells SC. When tumors reached 60 mm?, mice
were grouped (n=3 mice/group) and administered IT either with PBS or with 2x108 TCIDso
MVA (MVA not encoding a TAA or 4-1-BBL). 6 hours after IT injection tumor, TALN, NdLN,
spleen and blood were snap frozen and viral DNA was extracted from tissue lysates. Gene
Copies (gcs) of the MVA gene MVAOQS82L in the different organs is shown. Data expressed as
Mean + SEM. Two-way ANOVA was performed. *, p < 0.05; ***, p < 0.005; ****, p < 0.0001.
(B) C57BL/6 mice received 5x10° B16.0OVA cells. When tumors reached 60 mm?®, mice were
grouped (n=3 mice/group) and administered IT either with PBS or with 2x108 TCIDso MVA,
MVA-OVA or MVA-OVA-4-1BBL. 6 hours after IT injection tumors were extracted and tumor
lysates processed. Concentration (pg/ml) of indicated cytokines/chemokines in tumor lysates
is shown. Data expressed as Mean £ SEM. One-way ANOVA was performed. *, p < 0.05; **,
p < 0.01;**** p<0.0001.

Fig.4 shows that intratumoral MVA-immunotherapy induces rejection of untreated lesions.

(A-D) Bilateral tumor model. (A) Experimental layout. Balb/c mice received 5x10°and 1x10°
CT26.WT tumor cells SC into the right and left flank, respectively. 5 days later right flank
tumors were immunized IT either with PBS or with the indicated MVA constructs. IT
immunization was repeated on days 5 and 8 after the first immunization (arrows). (B) Tumor
size follow-up (n=10 mice/group) of the treated and untreated tumor after PBS IT injection. (C)
Tumor size follow-up (n=10 mice/group) of the treated and untreated tumor after 5x107 TCIDsg
MVA-gp70 IT injection. (D) Tumor size follow-up (n=10 mice/group) of the treated and
untreated tumor after 5x10” TCIDso MVA-Gp70-4-1BBL IT injection.

Fig.5 shows that intratumoral MVA-TAA-4-1BBL treated mice are resistant to subsequent
local and systemic tumor re-challenge.

(A) Experimental layout. Naive C57BL/6 mice or long-term survivors (12 — 36 weeks after
tumor clearance) of Figures 1A and 1B were rechallenged SC into the tumor-naive flank of
cured mice with 5x10°B16.0OVA cells. Peripheral blood was analysed by flow cytometry before
(day -6) and after (day 7) after rechallenge. Blood, spleen, non-dLN and TdLN mononuclear
cells were analysed on day 41 after tumor cell inoculation. (B) Percentage of tumor-free mice
over time is displayed (n=5-11 mice/group). In brackets number of tumor free mice per group
is shown. (C) Frequency of peripheral blood CD44* OVAusr064 Dext CD8* pre and post
B16.OVA rechallenge of naive mice and long-term survivors after IT MVA-OVA or MVA-OVA-
4-1BBL treatment. (D) Frequency of CD44" OVAxzs7.264 Dext CD8* T in blood, spleen, NdLN
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and TdLN. (E) Frequency of splenic CD44* IFNy* TNFa* IL2* CD8* T cells after restimulation
with OV Azs7.264 peptide. (F) Frequency of CD62L CD127* CD69 OVAas7.264 Dex* cells (Tewm) in
blood, spleen, NdLN and TdLN (left). Frequency of CD62L* CD127* OVAxzs7.264 Dex* cells (Tewm)
in blood, spleen, NdLN and TdLN (middle). Frequency of CD62L" CD127* CD69" OVAxzs7-264
Dex* (Trm) in blood, spleen, NdLN and TdLN 41 days after B16.OVA cell challenge (right). (G-
1) Systemic tumor rechallenge. (G) Experimental layout. Naive Balb/c mice or long-term
survivors of Figure 1C were rechallenged 1V with 2x10°CT26.WT cells. Spleen and lungs were
analysed on day 19 after tumor cell injection. (H) Representative photographs of lungs after
fixation in Bouin’s solution on day 19 after tumor cell transfer into naive or cured mice. Total
number of macroscopic pulmonary metastasis was evaluated (n=2-9 mice/group). (I)
Frequency of splenic CD44* IFNy* TNFa* IL2* CD8* T cells after restimulation with AH1¢.14
peptide 19 days after rechallenge. (A-H) n=5-11 mice/group. (C-H) Data are expressed as
Mean £ SEM. Two-way ANOVA was performed *, p < 0.05; **, p< 0.01; ***, p< 0.005. (I) Data
are expressed as Mean + SEM. One-way ANOVA was performed *, p < 0.05; **, p < 0.005;
*** p < 0.0005.

Fig. 6 shows that intratumoral MVA-Gp70-4-1BBL immunotherapy confers protection from

local tumor re-challenge.

Naive C57BL/6 mice or long-term survivors of Figures 1C and 1D were rechallenged SC into
the tumor-naive flank of cured mice with 5x10°B16.F10 cells. Peripheral blood was analysed
by flow cytometry before (day -6) and after (day 7) after rechallenge. Blood, spleen, NdLN and
TdLN were analysed on day 42 after tumor cell inoculation. (A) Percentage of tumor-free mice
over time is displayed (n=5-11 mice/group). In brackets number of tumor free mice per group
is shown. (B) Frequency of peripheral blood CD44* p15Eeus611 Pent* CD8* T cells pre and
post B16.F10 cell rechallenge. (C) Frequency of CD62L* CD127* p15Eeos-611 Pentt CD8* T
cells (Tcm) in blood, spleen, NdALN and TdLN. (D) Frequency of CD62L" CD127* p15Esos-611
Pent* CD8* T cells (Tem) in blood, spleen, NdLN and TdLN. (E) Frequency of CD62L CD127+
CD69* p15Esps-611 Pent” CD8* T cells (Tewm) in blood, spleen, NdLN and TdLN. (A-E) n=5-11
mice/group. (B-E) Data are expressed as Mean + SEM. (C-E) One-way ANOVA was
performed **, p < 0.005; ***, p < 0.0005.

Fig. 7 shows that replicating viruses induce death of infected tumor cells and immune cells
[33-35].

Infection with MVA, MVA-TAA or MVA-TAA-4-1BBL enhanced B16.OVA and CT26.WT tumor
cell death in vitro (Figure 7A). Macrophages which have been shown to be preferentially
infected by MVA [36] were effectively killed, whereby this effect was significantly increased by
4-1BBL adjuvant (Figure 7A). Cell death results in the release of intracellular proteins such as
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High Molecular Group Box 1 (HMGB1) that are sensed by innate immune cells and contribute
to the initiation of immune responses [37, 38]. A significant increase of HMGB1 was detected
after MVA infection of tumor cells or macrophages irrespective of 4-1BBL (Figure 7B).

Fig. 8 illustrates MVA-based vector MVA-HERV-FOLR1-PRAME-h4-1-BBL (“MVA-
mBN494” or “MVA-BN-4IT") (Figure 8A) and furthermore shows the vector’s capability of
loading TAA into HLA of infected cells (Figure 8B) as well as of expressing h4-1-BBL in a
functional, i.e. h4-1-BB receptor binding form (Figure 8C). For more details, see Example 7.

Fig. 9 illustrates MVA-based vector “MVA-mBN502” (Figure 9C) and furthermore shows
schematic maps of ERVK-env/MEL (Figure 9A; as used in MVA-mBN494) and ERVK-
env/MEL_03 (Figure 9B; as used in MVA-mBN502).

Description of Invention

In this study we combined the immune-stimulatory properties of TAA-encoding MVA with the
exquisite T cell enhancing potential of 4-1BBL and evaluated therapeutic efficacy against solid
tumors. We found that IT injection of MVA-TAA-4-1BBL exerted strong objective therapeutic
responses in various unrelated tumor models. The therapy was due to strongly re-activated
tumor-specific CD8* T cells and the favorable induction of multiple proinflammatory
chemokines and cytokines in the TME. Furthermore, IT MVA-TAA-4-1BBL injection induced
systemic anti-tumor immune responses inhibiting growth of tumor deposits at distant sites.
Importantly, IT MVA-TAA-4-1BBL triggered the generation of a diversified tumor-specific
memory response that protected against local and metastatic recurrence.

We cloned tumor associated antigens (TAA) and the immune-stimulatory adjuvant 4-1BBL
into the genome of modified vaccinia Ankara (MVA) for intratumoral virotherapy. Local
treatment with MVA-TAA-4-1BBL resulted in control of established tumors. Upon intratumoral
injection, MVA localized mainly to the tumor with minimal leakage to the tumor draining lymph
node. In situ infection by MVA-TAA-4-1BBL triggered profound changes in the tumor
microenvironment including the induction of multiple proinflammatory molecules and
immunogenic cell death. This led to the reactivation and expansion of antigen-experienced,
cytokine producing tumor-specific cytotoxic T cells. Strikingly, we report the induction of a
systemic anti-tumor immune response by local MVA-TAA-4-1BBL treatment that controlled
tumor growth at distant, untreated lesions and conferred protection against local and systemic
tumor rechallenge. In all cases 4-1BBL adjuvanted MVA was superior to MVA. Hence,
intratumoral 4-1BBL-adjuvanted MVA immunotherapy induced expansion of potent tumor-
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specific CD8" T cells as well as favorable proinflammatory changes in the tumor

microenvironment leading to elimination of tumors and protective immunological memory.

Definitions

It must be noted that, as used herein, the singular forms “a”, “an”, and “the”, include plural
references unless the context clearly indicates otherwise. Thus, for example, reference to “a

nucleic acid sequence” includes one or more nucleic acid sequences.

As used herein, the conjunctive term “and/or” between multiple recited elements is understood
as encompassing both individual and combined options. For instance, where two elements
are conjoined by “and/or”, a first option refers to the applicability of the first element without
the second. A second option refers to the applicability of the second element without the first.
A third option refers to the applicability of the first and second elements together. Any one of
these options is understood to fall within the meaning, and therefore satisfy the requirement
of the term “and/or” as used herein. Concurrent applicability of more than one of the options
is also understood to fall within the meaning, and therefore satisfy the requirement of the term
“and/or.”

Throughout this specification and the appended claims, unless the context requires otherwise,
the word “comprise”, and variations such as “comprises” and “comprising”, will be understood
to imply the inclusion of a stated integer or step or group of integers or steps but not the
exclusion of any other integer or step or group of integer or step. When used in the context of
an aspect or embodiment in the description of the present invention the term “comprising” can
be amended and thus replaced with the term “containing” or “including” or when used herein
with the term “having.” Similarly, any of the aforementioned terms (comprising, containing,
including, having), whenever used in the context of an aspect or embodiment in the description
of the present invention include, by virtue, the terms “consisting of” or “consisting essentially
of,” which each denotes specific legal meaning depending on jurisdiction.

When used herein “consisting of” excludes any element, step, or ingredient not specified in
the claim element. When used herein, “consisting essentially of” does not exclude materials
or steps that do not materially affect the basic and novel characteristics of the claim.

The term “recombinant MVA” refers to MVA having an exogenous nucleic acid sequence
inserted in its genome which is not naturally present in the parent virus. A recombinant MVA
thus refers to MVA made by an artificial combination of MVA nucleic acid sequences with a
segment of nucleic acid sequences of synthetic or semisynthetic origin which combination
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does not occur or is differently arranged in nature. The artificial combination is most commonly
accomplished by artificial manipulation of isolated segments of nucleic acids, using well-
established genetic engineering techniques. Generally, a “recombinant MVA” as described
herein refers to MVA that is produced by standard genetic engineering methods, e.g., a
recombinant MVA is thus a genetically engineered or a genetically modified MVA. The term
‘recombinant MVA” thus includes MVA (e.g., MVA-BN) which has integrated at least one
recombinant nucleic acid, preferably in the form of a transcriptional unit, in its genome. A
transcriptional unit may include a promoter, enhancer, terminator and/or silencer.
Recombinant MVA of the present invention is designed to express heterologous antigenic
determinants, polypeptides or proteins (antigens) upon induction of the regulatory elements
e.g., the promoter.

The term “subject”, as used herein, refers to a recipient of the recombinant MVA, who typically
is @ mammal, such as a non-primate or a primate (e.g. monkey or human), and preferably is
a human. The term includes a human or animal “patient” and a laboratory animal. The terms

“subject” and “patient” are used interchangeably.

The term “solid tumor” refers to localizable or settled neoplastic tissue, in contrast to, for

example, leukemias or hematological cancers.

The term “primary tumor” refers to an initial or first tumor from which neoplastic cells may

spread to other parts of the body and may form new (“secondary”) tumors.

The term “secondary tumor”, as used herein, refers to a tumor formed by neoplastic cells
spread from a “primary tumor” or from another “secondary tumor”. Particularly, the term

includes a “metastasis”.

The term “metastasis” refers to a tumor deposit deriving from a cancerous primary or

secondary tumor.

The wording “related”, as used herein, means that two tumors are supposed to be responsive
to the same recombinant MVA or TAA. They are, for example, of the same tumor type.

The term “spatially distant”, as used herein, relates to tumors that are clearly discernible as
individual tumors, for example by optical means, and spaced from another.

The term “local” administration includes, e.g., intratumoral or topical administration to a solid
tumor. Thus, local means on site. The administration can be achieved, for example, by local
or topical application or by intratumoral injection of the recombinant MVA. In some

embodiments, for example, in a tumor that is close to the skin or is a tumor of skin cells such
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as melanoma, local administration can be achieved by subcutaneous injection in the

immediate vicinity of the tumor. In contrast, terms like “distant” or “systemic” mean not on site.

The term “systemic”, as used herein, means the opposite of “local”. Thus, systemic may mean
that an effect is locally unrestricted, i.e. rather relates to the entire body.

The term “tumor directed virotherapy”, as used herein, means a local virotherapy in contrast
to systemic tumor virotherapy.

The term “systemic anti-tumor therapy”, as used herein, means that the recombinant MVA is
administered locally to a solid tumor, but the anti-tumoral activity extends to other tumors not
locally treated.

The term “systemic anti-tumor immune response”, as used herein, refers to an anti-tumor

immune response potentially occurring anywhere in the body.
The term “recurrence”, as used herein, refers to a relapse or return of a tumor.

The term “prevention of recurrence”, as used herein, means that a relapse of a remitted tumor,
i.e. a tumor in or after remission, for example an eradicated tumor, is prevented or inhibited.

At least, the tumor’s full recurrence is inhibited, for example at least at 50%.
The term “prevention”, in contrast, means that the first appearance of a tumor is prevented.

The term “remission”, as used herein, relates to a tumor which, for example, is decreased or
eradicated. More generally, “remission” is the reduction or disappearance of the signs and
symptoms of a disease such as a tumor. The remission may be considered a partial remission
or a complete or full remission. For example, a partial remission of a tumor may be defined as
a 50% or greater reduction in the measurable parameters of tumor growth as may be found
on physical examination, radiologic study, or by biomarker levels from a blood or urine test. A
complete remission, on the other hand, is a total disappearance of the tumor, notwithstanding
the possibility of a relapse.

The term “neoadjuvant therapy” refers to a treatment prior to the main therapy. Here, a
neoadjuvant therapy using the recombinant MVA aims to reduce the size or extent of a tumor
before, e.g., surgical excision.
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Selected Abbreviations T intratumoral (i.t.)
MVA Modified Vaccinia Virus Ankara (MVA)
OV  oncolytic virus

TAA tumor associated antigen

TME tumor microenvironment

Embodiments

In one embodiment, the recombinant MVA is a non-replicating or replication deficient MVA.
Preferably, the recombinant MVA is not capable of reproductive replication in human cell lines.

In one embodiment, the recombinant MVA is derived from MVA-BN as deposited at the
European Collection of Cell Cultures (ECACC) under number V00083008, or from an MVA-
BN derivative.

In one embodiment, the recombinant MVA comprises:

(@) a first nucleic acid encoding a tumor-associated antigen (TAA); and
(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL); and

(c) at least one further nucleic acid encoding a TAA.

In one embodiment, the first nucleic acid encoding a TAA and the at least one further nucleic
acid encoding a TAA are the same or different.

In one embodiment the recombinant MVA comprises two, three, four, five, six, or more nucleic

acids each encoding a different TAA.

In one embodiment, the TAA is a neoantigen or an endogenous self-antigen.
In one embodiment, the TAA is a transposable element (TE).

In one embodiment, the TAA is an endogenous retroviral protein (HERV).

In one embodiment, the TAA is a long interspersed nuclear element (LINE).
In one embodiment, the TAA is a short interspersed nuclear element (SINE).

In one embodiment, the TAA is selected from the group consisting of an endogenous retroviral
(ERV) protein, an endogenous retroviral (ERV) peptide, carcinoembryonic antigen (CEA),
mucin 1 cell surface associated (MUC-1), prostatic acid phosphatase (PAP), prostate specific
antigen (PSA), human epidermal growth factor receptor 2 (HER-2), survivin, tyrosine related
protein 1 (TRP1), tyrosine related protein 1 (TRP2), Brachyury, folate receptor alpha (FOLR1),
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preferentially expressed antigen of melanoma (PRAME), and the endogenous retroviral
peptide MEL; and combinations thereof. Any TAA is suitable for use in the compositions and/or
methods of the invention so long as it is an antigen associated with a known tumor or a tumor
in the patient to be treated and is capable, when expressed, of giving rise to or stimulating an

immune response.

In one embodiment, the ERV protein is from the human endogenous retroviral K (HERV-K)
family, preferably is selected from a HERV-K envelope (HERV-K-env) protein and a HERV-K
gag protein.

In one embodiment, the ERV peptide is from the human endogenous retroviral K (HERV-K)
family, preferably is selected from a pseudogene of a HERV-K envelope protein (HERV-K-
env/MEL).

In one embodiment, the recombinant MVA comprises:

(i) a nucleic acid encoding HERV-K-env/MEL;

(i) a nucleic acid encoding HERV-K gag;

(iii) a nucleic acid encoding FOLR1 and PRAME, preferably expressed as a fusion protein;
and

(iv) a nucleic acid encoding 4-1BBL.

In one embodiment, the nucleic acid in (i) encodes a HERV-K-env/MEL comprising a HERV-
K env surface (SU) unit and a HERV-K transmembrane (TM) unit, wherein the HERV-K TM
unit is mutated, preferably wherein the HERV-K TM unit is mutated such that an
immunosuppressive domain is inactivated. Preferably, HERV-K-MEL is inserted within the
mutated HERV-K TM unit. More preferably, HERV-K-MEL replaces a portion of the
immunosuppressive domain of HERV-K TM.

In one embodiment, the nucleic acid sequence in (i) encodes an amino acid sequence

comprising or consisting of an amino acid sequence as depicted in SEQ ID NO: 7.

In one embodiment, the nucleic acid sequence in (i) comprises or consists of a nucleic acid

sequence as depicted in SEQ ID NO: 8.

In one embodiment, the nucleic acid in (i) encodes a HERV-K-env/MEL comprising a HERV-
K env surface (SU) unit and a HERV-K transmembrane (TM) unit, wherein the HERV-K TM
unit is shortened to less than 20 amino acids, preferably less than 10 amino acids, more
preferably less than 8 amino acids, most preferably 6 amino acids.
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In one embodiment, the nucleic acid in (i) encodes a HERVK-env/MEL comprising a HERV-
K-env surface (SU) unit, wherein the RSKR furin cleavage site of the HERV-K-env SU unit is
deleted. Preferably, HERV-K-MEL is attached to the C-terminus of the HERV-K-env SU unit.

In one embodiment, the nucleic acid in (i) encodes a HERVK-env/MEL comprising a
heterologous membrane anchor, preferably derived from the human PDGF (platelet-derived
growth factor) receptor.

In one embodiment, the nucleic acid sequence in (i) encodes an amino acid sequence

comprising or consisting of an amino acid sequence as depicted in SEQ ID NO: 11.

In one embodiment, the nucleic acid sequence in (i) comprises or consists of a nucleic acid
sequence as depicted in SEQ ID NO: 12.

In one embodiment, the solid tumor, primary solid tumor and/or secondary tumor is a

cancerous or malignant tumor.

In one embodiment, the solid tumor, primary solid tumor and/or secondary tumor is a

melanoma or a malignant breast, colon or ovarian tumor.
In one embodiment, the secondary tumor is a metastasis.

In one embodiment, the secondary tumor is a solid tumor. Alternatively, the secondary tumor
is, for example, an aggregation of tumor cells floating in a bodily fluid such as blood lymph, or
is present within a body cavity, e.g. the peritoneal cavity. A primary or secondary tumor to
which the recombinant MVA is locally or intratumorally administered, however, is always a

solid tumor.

In one embodiment, the tumor to which the recombinant MVA is not locally or intratumorally
administered is not dissectible or not accessible by surgery.

In one embodiment, the primary and secondary tumors are spatially distant from each other.

In one embodiment, the secondary tumor and another secondary tumor are spatially distant
from each other.

In one embodiment, the primary and secondary tumors are located within the same tissue or

organ of a subject’s body.

In one embodiment, the secondary tumor and another secondary tumor are located within the

same tissue or organ of a subject.
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In one embodiment, the primary and secondary tumors are located within different tissues or
organs of a subject’s body.

In one embodiment, the secondary tumor and another secondary tumor are located within
different tissues or organs of a subject’s body. In one embodiment, the secondary tumor is
naive, i.e. was not locally, preferably intratumorally, treated with the recombinant MVA before.

In one embodiment, the tumor is in at least partial remission, e.g. in at least more than 50%

remission, preferably is in complete remission.

In one embodiment, the recombinant MVA is not administered other than locally, preferably
intratumorally. Thus, the recombinant MVA is not administered, e.g., systemically,
intravenously, peritoneally, parentally, subcutaneously, or intranasally to the subject.

In one embodiment, the anti-tumor immunological memory is long-term, i.e. lasting for days,

weeks, months, years or decades.

Methods of Treatment

The invention provides methods of treatment for a subject having more than one tumor in
which fewer than all of the tumors in the subject are treated by local administration of the
recombinant MVA. That is, the invention provides methods of treatment for a subject having
a plurality of tumors comprising locally administering a recombinant MVA to at least one, but
not all, of said plurality of tumors. In some embodiments, the step of locally administering a
recombinant MVA comprises intratumoral injection. In this manner, the methods of treatment
can be said to produce “treated tumors” or “injected tumors” to which the recombinant MVA
has been locally or intratumorally administered or injected and “untreated tumors” or
“uninjected tumors” to which the recombinant MVA was not locally administered or into which
the recombinant MVA was not injected. The methods of treatment can also be said to provide
a method of treating uninjected tumors in a subject by locally administering or intratumorally
injecting at least one other tumor in said subject with the recombinant MVA. In some
embodiments of the methods of the invention, the subject is a human patient.

In some embodiments, the methods of treatment comprise treating metastases or recurrences
of a first or primary tumor by local administration (in some embodiments, by intratumoral
injection) of recombinant MVA into said first or primary tumor. In some embodiments, it is not
possible to determine which of a plurality of tumors in a subject was the first to occur (i.e., the
“primary tumor”), and the method comprises treating at least one of the plurality of tumors by
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local administration or intratumoral injection of the MVA. Thus, in some embodiments, by
“metastasis” or “secondary tumor” is intended that a tumor is in a different location, or has

different borders, than a tumor designated as a “first tumor” or “primary tumor.”

The methods of the invention comprise treating at least one of a plurality of tumors in a subject
by local administration or intratumoral injection, or treating at least two tumors, at least three,
at least four, or more of said tumors, or treating all but one of said plurality of tumors in a
subject. In some embodiments, methods of the invention provide that any number of tumors
in the subject may be injected or treated by local administration or intratumoral injection with
recombinant MVA so long as fewer than all of the tumors in the subject are so injected or
treated.

While the invention is not bound by any particular mechanism or mode of action, any method
is suitable in the practice of the invention so long as it stimulates an immune response against
at least one TAA or tumor in said subject, or cell thereof, or produces a decrease in the volume
or size of at least one secondary or uninjected tumor. By “stimulates an immune response” is
intended that indicia of a new or increased immune response can be identified in the subject,
such as, for example, an increase in the CD8+ T cell population and/or an increase in the
amounts of IFN-gamma, TNF-alpha and/or IL-2 produced by the CD8+ T cells in a subject as
illustrated in the working examples herein. In this manner, the invention also provides
methods of stimulating an immune response to a TAA comprising the step of intratumorally
administering a recombinant MVA of the invention to a subject.

In some embodiments, the recombinant MVA comprises: (a) a first nucleic acid encoding a
tumor-associated antigen (TAA); and (b) a second nucleic acid encoding a 4-1BB ligand (4-
1BBL). The recombinant MVA may further comprise additional nucleic acids encoding
additional TAAs. Methods of the invention are suitable for use with a recombinant MVA
encoding both at least one TAA and 4-1-BBL. In some embodiments, the recombinant MVA
expresses at least one TAA and 4-1-BBL, which can be demonstrated using techniques known
in the art.

Sequences of various TAAs and 4-1-BBL that are useful in the methods and compositions of
the invention are known in the art and described, for example, in PCT/EP2019/081942
(published as WO 2020/104531) and European Patent Application No. 19210369.5, all of
which are incorporated herein by reference in their entirety. An exemplary 4-1-BBL sequence
is set forth in NCBI RefSeq NP_003802.1 (and in the amino acid sequence set forth in SEQ
ID NO:3, and/or encoded by the nucleic acid sequence set forth in SEQ ID NO:4).



WO 2021/099572 18 PCT/EP2020/082888

Recombinant MVAs useful in the uses and methods of the invention are also described, for
example, in European Patent Application No. 19210369.5, incorporated herein by reference.

In certain embodiments, the nucleic acid sequence encoding 4-1-BBL encodes a 4-1-BBL
having at least 95%, 96%, 97%, 98%, 99%, or 100% amino acid sequence identity to SEQ ID
NO:3. In certain embodiments, the nucleic acid sequence is the sequence set forth in SEQ 1D
NO:4, or encodes a 4-1-BBL having the amino acid sequence set forth in SEQ ID NO:3.

In certain embodiments, the nucleic acid sequence encoding a TAA encodes a TAA having at
least 95%, 96%, 97%, 98%, 99%, or 100% amino acid sequence identity to a previously known
TAA, such as, for example, a sequence set forth in the sequence listing provided herewith. In
certain embodiments, the nucleic acid sequence encodes a TAA having the amino acid
sequence set forth in the sequence listing, or a TAA having an amino acid sequence known
in the art.

In some embodiments, at least one individual tumor is measured before and after the local
administration (e.g., intratumoral injection) of the recombinant MVA to determine whether the
tumor continues to grow, or increases or decreases in size, following the administration. In
some methods, additional measurements may be taken at intervals following the
administration to track the response of at least one individual tumor. Such measurements
may be by any suitable technique and can include visual assessment or external
measurement as well as X-ray, ultrasound imaging, intravital microscopy, or any other suitable
method known in the art. Measurements of tumors used to assess the response of a tumor
to treatment and/or the effectiveness of a treatment can, include, for example, at least one

diameter of the tumor and/or an estimation of the volume of the tumor.

In some embodiments, a method of treating a subject having one or more tumors comprises
the steps of: (a) obtaining a first measurement of a tumor in said subject; (b) administering a
recombinant MVA expressing at least one TAA to one or more, but less than all, of the tumors
in said subject to produce treated or injected tumors and untreated or non-injected tumors; (c)
obtaining a second measurement of at least one of said untreated or non-injected tumors; and
(d) comparing said second measurement to a first measurement of said untreated or non-
injected tumor, whereby a decrease in said measurement or a lack of increase in said
measurement indicates that the tumor has regressed or decreased in volume or that tumor
growth has been delayed. In some embodiments, the recombinant MVA used in these
methods expresses at least one TAA and 4-1-BBL, as further discussed elsewhere herein.
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In some embodiments, a method of treating a subject having a primary tumor and one or more
metastases, or the possibility of metastases (i.e., having a malignant tumor), is intended to
prevent new or additional metastases and comprises the steps of: (a) identifying in a subject
one or more tumors at risk for metastasis; (b) locally administering a recombinant MVA
expressing a TAA to at least one but not all of the tumors in said subject (in some
embodiments, by intratumoral injection); (c) detecting the tumors in said subject to confirm
that no new tumors or metastases are detectable in said subject. In some embodiments, the
recombinant MVA used in these methods expresses a TAA and 4-1-BBL, as further discussed
elsewhere herein. In some embodiments, the recombinant MVA used in these methods
comprises a heterologous nucleic acid encoding a TAA and a heterologous nucleic acid
encoding 4-1-BBL, but does not comprise any additional genes encoded by a heterologous
nucleic acid that can affect the immune response of the subject, or that are expected to affect
the immune response of a subject, when used to treat a subject as a component of an MVA
or separately.

In some embodiments, the invention provides a method of treating an inaccessible tumor in a
subject with a plurality of tumors, comprising the step of locally administering recombinant
MVA into at least one accessible tumor of the plurality of tumors, wherein the recombinant
MVA comprises a first nucleic acid encoding a tumor-associated antigen (TAA) and a second
nucleic acid encoding a 4-1-BB ligand (4-1-BBL). In some embodiments, the recombinant
MVA comprises at least one additional nucleic acid encoding at least one additional TAA, or
at least two, three, or four or more additional nucleic acids encoding at least two, three, or four
or more additional TAAs. In some embodiments, the step of locally administering the

recombinant MVA comprises intratumoral injection.

By “inaccessible tumor” is intended a tumor that is difficult to treat directly by local
administration of recombinant MVA such as by intratumoral injection and/or using other
techniques. An “inaccessible tumor” or unresectable tumor may be located in a sensitive area
of the body, for example, close to or surrounding important nerves or blood vessels, or in the
brain, or in another location where surgery and/or local administration of recombinant MVA
may pose a risk of damage to the subject and/or would be difficult to administer. The invention
provides methods of treating an inaccessible or unresectable tumor in a subject with a plurality
of tumors comprising a step of local administration to a different tumor that is more accessible
and/or where local administration is less likely to cause damage to the subject. In some
embodiments, the invention provides a method of treating an inaccessible tumor in a subject,
comprising: (a) identifying at least one inaccessible tumor and at least one accessible tumor
in a subject; and (b) locally administering a recombinant MVA expressing a TAA to at least
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one accessible tumor in said subject. Optionally, this method further comprises a step of
monitoring said inaccessible tumor to confirm that growth of the tumor has slowed or stopped,
and/or determining whether said subject has an increased immune response or new immune

response subsequent to the administration of the recombinant MVA.

In some embodiments, the invention provides a method of treating a subject having a plurality
of malignant tumors comprising locally administering a recombinant MVA expressing a TAA
to at least one of said tumors to produce a treated tumor, wherein treatment results in reduction
of tumor volume of the treated tumor and at least one other tumor that was not directly treated
or injected with the recombinant MVA (also referred to as an “untreated tumor” or “uninjected

tumor”).

In some embodiments, by “intratumoral injection” is intended that the administration is made
into the tumor, or within the boundaries of the tumor. In some embodiments, by “local
administration” is intended that the administration is made in close proximity to the tumor. One
of skill in the art is aware that such injections may coincidentally also be characterized as
another type of administration such as, for example, parenteral or subcutaneous, depending
on the location of the tumor.

Further description

Modified Vaccinia Virus Ankara (MVA)

In the past, MVA was generated by 516 serial passages on chicken embryo fibroblasts of the
Ankara strain of vaccinia virus (CVA) (for review see Mayr et al. 1975). This virus was renamed
from CVA to MVA at passage 570 to account for its substantially altered properties. MVA was
subjected to further passages up to a passage number of over 570. As a consequence of
these long-term passages, the genome of the resulting MVA virus had about 31 kilobases of
its genomic sequence deleted and, therefore, was described as highly host cell restricted for
replication to avian cells (Meyer et al. 1991). It was shown in a variety of animal models that
the resulting MVA was significantly avirulent compared to the fully replication competent
starting material (Mayr and Danner 1978).

An MVA useful in the practice of the present invention includes MVA-572 (deposited as
ECACC V94012707 on 27 January 1994); MVA-575 (deposited as ECACC V00120707 on 7
December 2000), MVA-1721 (referenced in Suter et al. 2009), NIH clone 1 (deposited as
ATCC® PTA-5095 on 27 March 2003) and MVA-BN (deposited at the European Collection
of Cell Cultures (ECACC) under number V00083008 on 30 August 2000).
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More preferably the MVA used in accordance with the present invention includes MVA-BN
and MVA-BN derivatives. MVA-BN has been described in WO 02/042480. “MVA-BN
derivatives” refer to any virus exhibiting essentially the same replication characteristics as
MVA-BN, as described herein, but exhibiting differences in one or more parts of their

genomes.

MVA-BN, as well as MVA-BN derivatives, is replication incompetent, meaning a failure to
reproductively replicate in vivo and in vitro. More specifically in vitro, MVA-BN or MVA-BN
derivatives have been described as being capable of reproductive replication in chicken
embryo fibroblasts (CEF), but not capable of reproductive replication in the human
keratinocyte cell line HaCat (Boukamp et al 1988), the human bone osteosarcoma cell line
143B (ECACC Deposit No. 91112502), the human embryo kidney cell line 293 (ECACC
Deposit No. 85120602), and the human cervix adenocarcinoma cell line HeLa (ATCC Deposit
No. CCL-2). Additionally, MVA-BN or MVA-BN derivatives have a virus amplification ratio at
least two-fold less, more preferably three-fold less than MVA-575 in Hela cells and HaCaT cell
lines. Tests and assay for these properties of MVA-BN and MVA-BN derivatives are described
in WO 02/42480 and WO 03/048184.

The term “not capable of reproductive replication” in human cell lines in vitro as described
above is, for example, described in WO 02/42480, which also teaches how to obtain MVA
having the desired properties as mentioned above. The term applies to a virus that has a virus
amplification ratio in vitro at 4 days after infection of less than 1 using the assays described in
WO 02/42480 or US 6,761,893.

Exemplary generation of a recombinant MVA virus

For the generation of a recombinant MVA as disclosed herein, different methods may be
applicable. The DNA sequence to be inserted into the virus can be placed into an E. coli
plasmid construct into which DNA homologous to a section of DNA of the poxvirus has been
inserted. Separately, the DNA sequence to be inserted can be ligated to a promoter. The
promoter-gene linkage can be positioned in the plasmid construct so that the promoter-gene
linkage is flanked on both ends by DNA homologous to a DNA sequence flanking a region of
poxvirus DNA containing a non-essential locus. The resulting plasmid construct can be
amplified by propagation within E. coli bacteria and isolated. The isolated plasmid containing
the DNA gene sequence to be inserted can be transfected into a cell culture, e.g., of chicken
embryo fibroblasts (CEFs), at the same time the culture is infected with MVA. Recombination
between homologous MVA viral DNA in the plasmid and the viral genome, respectively, can
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generate an MVA modified by the presence of foreign DNA sequences, i.e. nucleotides
sequences encoding SARS-CoV-2 antigens.

According to a preferred embodiment, a cell of a suitable cell culture as, e.g., CEF cells, can
be infected with a MVA virus. The infected cell can be, subsequently, transfected with a first
plasmid vector comprising a foreign or heterologous gene or genes, such as one or more of
the nucleic acids provided herein, preferably under the transcriptional control of a poxvirus
expression control element. As explained above, the plasmid vector also comprises
sequences capable of directing the insertion of the exogenous sequence into a selected part
of the MVA viral genome. Optionally, the plasmid vector also contains a cassette comprising
a marker and/or selection gene operably linked to a poxvirus promoter. The use of selection
or marker cassettes simplifies the identification and isolation of the generated recombinant
MVA. However, a recombinant poxvirus can also be identified by PCR technology.
Subsequently, a further cell can be infected with the recombinant MVA obtained as described
above and transfected with a second vector comprising a second foreign or heterologous gene
or genes. In case, this gene shall be introduced into a different insertion site of the poxvirus
genome, the second vector also differs in the poxvirus-homologous sequences directing the
integration of the second foreign gene or genes into the genome of the poxvirus. After
homologous recombination has occurred, the recombinant virus comprising two or more
foreign or heterologous genes can be isolated. For introducing additional foreign genes into
the recombinant virus, the steps of infection and transfection can be repeated by using the
recombinant virus isolated in previous steps for infection and by using a further vector
comprising a further foreign gene or genes for transfection. There are ample of other
technigues known to generate recombinant MVA.

The practice of the invention will employ, if not otherwise specified, conventional techniques
of immunology, molecular biology, microbiology, cell biology, and recombinant technology,
which are all within the skill of the art. See e.g. Sambrook, Fritsch and Maniatis, Molecular
Cloning: A Laboratory Manual, 2nd edition, 1989; Current Protocols in Molecular Biology,
Ausubel FM, et al., eds, 1987; the series Methods in Enzymology (Academic Press, Inc.);
PCR2: A Practical Approach, MacPherson MJ, Hams BD, Taylor GR, eds, 1995; Antibodies:
A Laboratory Manual, Harlow and Lane, eds, 1988.



WO 2021/099572 23 PCT/EP2020/082888

EXAMPLES

The following examples serve to further illustrate the disclosure. They should not be
understood as limiting the invention the scope of which is determined by the appended claims.

EXAMPLE 1: Materials and methods
1.1 Generation of MVA recombinants

The generation of MVA recombinants was carried out as described previously [1]. MVA-BN®
was developed by Bavarian Nordic and is deposited at the European Collection of Cell
Cultures (ECACC) (V00083008). The generation of a recombinant MVA expressing ovalbumin
(MVA-OVA) was previously described [1, 2]. The gene encoding for 4-1BBL was synthetized
(Geneart, Life Technologies) and cloned into the MVA-OVA genome to generate MVA-OVA-
4-1BBL. The gene encoding for the mouse leukemia virus derived envelope glycoprotein Gp70
was synthesized (Geneart, Life Technologies) and cloned into the MVA and MVA-4-1BBL
genome, respectively, to generate MVA-Gp70 and MVA-Gp70-4-1BBL. All viruses used in

animal experiments were purified twice through a sucrose cushion.
1.2 Ethics statement

Animal experiments were approved by the animal ethics committee of the government of
Upper Bavaria (Regierung von Oberbayern, Sachgebiet 54, Tierschutz) and were carried out
in accordance with the approved guidelines for animal experiments at Bavarian Nordic GmbH.
The bilateral CT26.WT tumor experiment was conducted at CIMA, University of Navarra
(Pamplona, Spain) in compliance with the Association for Assessment and Accreditation of
Laboratory Animal Care International (AAALAC).

1.3 Mice and tumor cell lines

6- to 8-week-old female C57BL/6J (H-2°) and Balb/cJ (H-29) mice were purchased from
Janvier Labs. All mice were handled, fed, bred and maintained either in the animal facilities at
Bavarian Nordic GmbH, at the University of Zurich or at the University of Navarra according
to institutional guidelines.

The B16.OVA melanoma cell line was a kind gift of Roman Spérri (University of Zirich).
B16.F10 (ATCC® CRL-6475™) and CT26.WT (ATCC® CRL-2638™) cell lines were
purchased from American Type Culture Collection (ATCC). Tumor cells were cultured in
DMEM Glutamax medium supplemented with 10% FCS, 1% NEAA, 1% sodium pyruvate and
1% penicillin/streptomycin (all reagents from Gibco) in an incubator at 37°C 5% CO.. All tumor
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cell lines used in experiments conducted at Bavarian Nordic were regularly tested negative for
Mycoplasma by PCR.

1.4 Tumor cell injection

Mice were injected subcutaneously in the flank with 5x10° tumor cells. Regarding B16.OVA
and B16.F10, prior to injection cells were admixed with 7 mg/ ml Matrigel (Trevigen). For
subcutaneous bilateral tumor experiments, 5x10° and 1x10° CT26.WT tumor cells were
injected in the right flank and the left flank respectively. Tumor re-challenge experiments were
performed between 3 and 6 months upon clearance of tumors. Subcutaneous re-challenge
was carried out at the opposite flank using 5x10° tumor cells. Intravenous re-challenge was
performed injecting 2x10° CT26.WT cells. Tumor diameter was measured at regular intervals

using a caliper twice a week.
1.5 Immunizations

Intratumoral injections were given into the solid tumor mass with a total volume of 50 pl
containing the respective MVA recombinants. Repetitive intratumoral injections were
performed at days 0, 5 and 8 after tumor grouping, and indicated in the graphs by vertical
dotted lines. When indicated, blood was collected 3 days after last intratumoral immunization
for peripheral blood immune cell phenotyping.

1.6 Cell isolation

When indicated, spleens and lymph nodes were harvested from mice. Spleen and lymph node
single-cell suspensions were prepared by mechanically disrupting tissues through a 40-um
cell strainer (Falcon). Spleen samples were subjected to red blood cell lysis (Sigma-Aldrich).

Blood was collected in PBS containing 2% FCS, 0.1% sodium azide and 2.5 U/ ml heparin.
Peripheral blood mononuclear cells (PBMCs) were prepared by lysing erythrocytes with red
blood cell lysis buffer. Mononuclear cells from the abovementioned organs were washed,
resuspended in RPMI+2% FCS, counted and kept on ice until further analysis. 100 pl
TrueCount counting beads (BD Biosciences) were added to the tumor cell suspensions.

1.7  Peptide restimulation

When indicated, mononuclear cells were incubated with 2.5 pg/ml of MHC class | restricted
peptides [OVAzsr—2s4 (SIINFEKL); p15Eso4-611 (KSPWFTTL); AH16.14 (SPSYVYHQF)] for 5-6 h
at 37°C 5% COz in T cell medium and 10 pg/ml BFA. Peptides were purchased from
GenScript.
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1.8 Flow cytometry

Mononuclear cell suspensions, BMDMs or tumor cells were stained for 30 minutes at 4°C in
the dark using fixable live/dead viability kits prior to staining (Life Technologies). Mononuclear
cells were stained using antibodies from BD Biosciences, eBioscience or Biolegend. When
indicated, cell suspensions were stained using a H-2k® OVAas7.064- dextramer (Immudex), a H-
2KP® p15Ego4-611-pentamer (Prolmmune) or a H-2L9 AH16.14 pentamer (Prolmmune). For FoxP3
transcription factor and Ki67 staining cells were fixed using FoxP3 Staining Kit (eBioscience).
For intracellular cytokine staining, cell suspensions were stained and fixed for intracellular
cytokine detection using IC Fixation & Permeabilization Staining kit (eBioscience). All cells
were acquired using a digital flow cytometer (LSR Il, BD Biosciences) and data were analyzed
with FlowJo software version 10.3 (Tree Star).

1.9  Quantitative real-time PCR for quantification of MVA-specific DNA genome copies

Genomic DNA (gDNA) was isolated from tissues using QlAamp DNA Mini Kit according to
manufacturer's instructions (Qiagen) and quantified in a NanoVue spectrophotometer
(Biochrom). Briefly, a standard curve starting at 5x10” genome copies (gcs) was prepared
using a plasmid expressing the open reading frame 082L of MVA, target for detection of MVA
backbone DNA. Then, quantitative real-time PCR was performed with TagMan Gene
Expression Master Mix (Thermo-Fisher) using specific primers MVAQO82L sense 5-
acgtttagccgcectttaatagag-3°, MVAQ82L antisense 5’-tggtcagaactatcgicgitgg-3°, and a
fluorescein probe 6FAM-aatcccaccgccttictggatctc-BBQ. Calculations were performed by the
7500 software of the Real-time PCR system (Applied Biosystems). The software determines
a threshold cycle (Cr) for every standard dilution, control and replicate, which is inversely
proportional to the logarithm of the quantity of gcs of specific DNA. Based on the standard
curve, the software determined the respective number of gcs of the target gene by using the
Cr value that is measured for each replicate. The quantity (gcs) of a sample is calculated by
the average quantity of its duplicate determination.

1.10 Statistical analysis

Statistical analyses were performed as described in the figure legends using GraphPad Prism
version 7.02 for Windows (GraphPad Software, La Jolla, CA). For immunological data, results
are presented as ‘mean’ and ‘standard error of the mean’ (SEM). Either analysis of variance
(ANOVA) with multiple comparisons test or one-tailed unpaired Student’s t tests were used to
determine statistical significance between treatment groups. For tumor-bearing mice survival
after treatment, Log rank tests were performed to determine statistical significance between
treatment groups.
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EXAMPLE 2:  4-1BBL potentiates intratumoral MVA immunotherapy

IT application of poxviruses has been shown to effectively induce anti-tumor responses in
various tumor models [24-28]. However, most of these studies have been conducted with
replicating viruses. Here, we tested whether local treatment of established tumors using the
non-replicating poxvirus MVA encoding a Tumor Associated Antigen (TAA defined above) and
the co-stimulatory molecule 4-1BBL would convey potent anti-tumor effects.

IT injections of MVA encoding the TAA ovalbumin (herein referred to as MVA-OVA) controlled
tumor growth and prolonged survival of mice bearing established B16.OVA melanomas
(Figures 1A and 1B). Notably, IT administration of MVA-OVA-4-1BBL increased tumor
rejection to 50% of B16.OVA tumor-bearing mice (Figure 1B). Analysis of peripheral blood
lymphocytes (PBLs) after the last IT injection revealed that systemic expansion of TAA-specific
CD8* T cells triggered by local MVA-OVA treatment was increased by MVA-OVA-4-1BBL IT
administration (Figure 2A).

Next, we evaluated other independent, established tumor models. IT administration of MVA
encoding the endogenous retroviral antigen Gp70 [29 30] (herein referred to as MVA-Gp70)
resulted in anti-tumor effects in B16.F10 melanomas (Figures 1C and 1D). Interestingly, IT
MVA-Gp70-4-1BBL markedly prolonged tumor growth control and significantly improved
mouse survival (Figures 1C and 1D). Similar results were observed in CT26.WT tumor bearing
mice after IT immunization with either MVA-Gp70 or MVA-Gp70-4-1BBL (Figure 1E and 1F).
Local administration of MVA-Gp70-4-1BBL resulted in over 80% rejection of CT26.WT tumors.
Restimulation of PBLs with Gp70-derived peptides revealed a robust induction of interferon
gamma (IFN-y) by p15E (H-2KP-restricted Gp70 peptide)- and AH1 (H-2K%restricted Gp70
peptide)-specific CD8* T cells upon MVA-Gp70-4-1BBL IT regime in B16.F10 and CT26.WT
tumor bearing mice, respectively (Figures 2B and 2C, respectively). Of note, over 70% of
C57BL/6 mice that were cured upon MVA-OVA-4-1BBL or MVA-Gp70-4-1BBL IT treatment
developed vitiligo (Figure 2 D and E). Taken together, IT administration of 4-1BBL adjuvanted
MVA potentiates MVA-mediated anti-tumor immune responses, irrespective of the type of

tumor antigen or tumor model used.

EXAMPLE 3: IT injected MVA localizes to the tumor and induces changes in the tumor

microenvironment (TME)

Having established that T cells rapidly expanded in the TdLN after IT MVA injection raised the
question whether replication-deficient MVA would reside exclusively at the site of injection or
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transit to other organs. To address this, we determined the presence of MVA-derived genomic
DNA (gDNA) in tumor, TdLN, NdLN, spleen and blood 6 hours after IT injection. Importantly,
MVA gDNA was detected at high amounts in B16.F10 tumors with minimal appearance in the
TdLN (Figure 3A).

We demonstrated that after IT application MVA infection is primarily constrained to the tumor
and thus virus-induced anti-tumor immune responses most likely originated in the tumor.
Therefore, we hypothesized that IT injection of MVA-TAA-4-1BBL might induce changes in
the TME. IT injection of B16.OVA tumors either with MVA or MVA-OVA led to an upregulation
of the proinflammatory molecules IFNy and TNFa compared to PBS. This effect was
significantly increased by MVA-OVA-4-1BBL (Figure 3B). Interestingly, cytokines such as
IFNy and GM-CSF were almost exclusively induced by 4-1BBL adjuvanted MVA (Figure 3B).

Replicating viruses induce death of infected tumor cells and immune cells [33-35]. Infection
with MVA, MVA-TAA or MVA-TAA-4-1BBL enhanced B16.OVA and CT26.WT tumor cell
death in vitro (Figure 7A). Macrophages which have been shown to be preferentially infected
by MVA [36] were effectively killed, whereby this effect was significantly increased by 4-1BBL
adjuvant (Figure 7A). Cell death results in the release of intracellular proteins such as High
Molecular Group Box 1 (HMGB1) that are sensed by innate immune cells and contribute to
the initiation of immune responses [37, 38]. A significant increase of HMGB1 was detected
after MVA infection of tumor cells or macrophages irrespective of 4-1BBL (Figure 7B).

Our results suggest that local injection of MVA resulted in IT expression of MVA encoded
genes, leading to the induction of inflammation, cell death of infected cells and release of

immunogenic mediators in the TME.

EXAMPLE 4: Local MVA immunotherapy controls tumor growth of distant untreated

lesions

The aim of tumor-directed immunotherapy is to generate a systemic anti-tumor immune
response that also eradicates distant metastases. As local treatment with MVA-TAA-4-1BBL
not only induced robust tumor-specific T cell responses in the TME but also in the blood, we
next assessed the systemic anti-tumor potential of IT MVA immunotherapy on distant tumor
deposits. CT26.WT tumor cells were implanted subcutaneously to the right and the left flank
of Balb/c mice (Figure 4A). IT injection of MVA-Gp70 delayed tumor growth as compared to
PBS (Figure 4B and 4C). IT MVA-Gp70-4-1BBL injection resulted in clearance of the treated
tumor in 7/10 CT26.WT tumor bearing mice (Figures 4D). Importantly, local administration of
both MVA-Gp70 and MVA-Gp70-4-1BBL led to tumor growth delay and in some cases
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complete tumor clearance of the untreated tumor lesions (Figures 4C and 4D). This data
demonstrates the effective induction of anti-tumor immune responses against distant,

untreated tumor lesions by IT MVA-Gp70-4-1BBL immunotherapy.

EXAMPLE 5: IT MVA-TAA-4-1BBL treatment confers protection from local and systemic

tumor rechallenge

One of the main goals of cancer vaccines is to achieve long-term protective immunological
memory to prevent tumor recurrence. Therefore, we first assessed whether IT MVA-TAA-4-
1BBL -induced anti-tumor responses generate immunological memory that protects against
local tumor rechallenge (Figure 5A). Naive mice used as controls rapidly grew tumors,
whereas mice that were previously cured after IT MVA-OVA treatment had a high prevalence
for tumor regrowth upon rechallenge. In contrast, 80% of mice that previously received IT
MVA-OVA-4-1BBL were resistant to secondary tumor growth (9/11) (Figure 5B). Similar
results were obtained in mice that were cured after MVA-Gp70-4-1BBL treatment and local
rechallenge with B16.F10 cells. 60% of pre-treated mice remained tumor-free after B16.F10
tumor cell implantation (Figure 6A). Hence, IT MVA-TAA-4-1BBL treatment induced strong

protective immunological memory against local tumor rechallenge.

OVA-specific CD8* T cells could be readily detected prior to rechallenge in mice that had
rejected the tumor after IT treatment with MVA-OVA-4-1BBL, but not with MVA-OVA (Figure
5C). Seven days after tumor cell injection, the OVA-specific T cell population was significantly
expanded, indicative of effective tumor recognition (Figure 5C). Splenocyte OVAzs7.264 peptide
restimulation showed that IT MVA-OVA-4-1BBL therapy induced a large population of multi-
cytokine-producing antigen-specific CD8* T cells (Figure 5E). Analysis of spleen, blood, TdLN
and NdLN on day 41 after tumor rechallenge revealed an accumulation of OVA-specific CD8*
T cells in all organs analysed (Figure 5D). Memory subset examination [31] revealed that OVA-
specific Tewm cells were equally distributed over all organs, while Tem cells were mainly found
in blood, spleen and TdLN but not in the NdLN (Figure 5F). Next, we analysed tissue resident
memory T cells (Trm) that have been shown to play a key role in anti-tumor immunity [32,33].
Strikingly, we could also detect a significant population of resident memory T cells (Trw)
exclusively located in the TdLN (Figure 5F) [34]. Likewise, p15E-specific CD8* T cells in the
blood were detected pre and post rechallenge of mice that cleared primary B16.F10 tumors
upon IT MVA-Gp70-4-1BBL treatment (Figure 6B). Furthermore, we could identify p15E-
specific Tcw, Tem and Trwm cells at day 42 post B16.F10 rechallenge (Figure 6C-E), whereby
the latter was exclusively found in the TdLN (Figure 6E). Our results demonstrate that IT MVA-



WO 2021/099572 29 PCT/EP2020/082888

TAA-4-1BBL immunotherapy led to the induction of a diversified population of tumor-specific
memory CD8* T cells encompassing Tcwm, Tem as well as Tru cells.

IT MVA-TAA-4-1BBL injection induced systemic immune responses that mediate control of
local recurrent tumors and untreated lesions. We reasoned that the tumor-specific T cell
memory generated by IT MVA injection might also protect against metastatic recurrences
(Figure 5G). Macroscopic quantification of tumor nodules in the lung after IV CT26.WT tumor
cell injection showed the development of multiple lesions in naive mice. No macroscopic
metastatic lesions were found in the lungs of mice that were previously cured with IT MVA-
Gp70 or MVA-Gp70-4-1BBL (Figure 5H). T cell analysis revealed a population of
multifunctional AH1-specific CD8* T cells in MVA-Gp70-4-1BBL cured mice (Figure 5I).

Taken together, local immunotherapy using MVA genetically modified to express a tumor
antigen together with the co-stimulatory molecule 4-1BBL conveyed strong anti-tumor activity
by combining innate and adaptive immune activation. This not only resulted in the induction of
systemic anti-tumor effects but also in the generation of a potent tumor-specific memory
response that protected against local and systemic tumor rechallenge.

EXAMPLE 6: Further discussion of results

In the present study, we took a novel approach for tumor-directed virotherapy and used a non-
replicating MVA genetically modified to express TAAs and the costimulatory molecule 4-1BBL.
This combines the excellent immune-stimulatory properties of MVA [12] and its high safety
profile [35] with the immune-activating potential of 4-1BBL [22]. IT MVA-TAA-4-1BBL injection
activates a sequence of immediate and long-term immune events, ultimately resulting in tumor
eradication. The induction of multiple proinflammatory mediators by IT MVA treatment is
indicative of a fundamental alteration of the previously immune-suppressive TME that
facilitates the reactivation and expansion of tumor specific T cells. MVA-encoded 4-1BBL
triggered drastic qualitative and quantitative changes in cytotoxic anti-tumor immune
responses that were essential for both, therapeutic efficacy and formation of local and

systemic long-term immunologic memory against the primary tumor.

We show for the first time that IT injection of non-replicating MVA conveys potent therapeutic
anti-tumor effects. Interestingly, it has been reported that IT delivery of heat inactivated MVA
but not MVA induced strong anti-tumor effects mainly depending on the activation of cytotoxic
T cells [25]. In contrast to this study, we utilized active MVA encoding for TAA with and without
additionally expressing 4-1BBL. Importantly, MVA-TAA alone was already effective in delaying
tumor growth and the adjuvantation with 4-1BBL significantly improved therapeutic efficacy,
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leading to rejection of established tumors within multiple models. Moreover, the anti-tumor
effect was independent of the choice of tumor antigen. Apart from the model antigen OVA, we
investigated the endogenous retroviral protein Gp70 for its immunogenic potential as TAA.
Endogenous retroviral elements are epigenetically silenced in healthy tissues but re-activated
and expressed in various cancers [36]. Likewise, Gp70 is highly expressed in several murine
tumor cell lines [37]. In humans, there is growing evidence that these non-coding regions might
have potent immunogenic properties and therefore represent excellent TAA targets for cancer
immunotherapy [38-40]. Given the self-nature of Gp70 [41], the strong therapeutic effects
obtained by IT MVA-Gp70-4-1BBL treatment in Gp70-expressing tumor models implies that
local MVA therapy cannot only induce the rejection of tumors expressing neoantigens but also
break tolerance to endogenous self-antigens.

IT virotherapy repurposes virus-induced inflammation and cell death to alter the
immunosuppressive TME [50]. This cascade of events would enhance antitumor-specific
immunity. Likewise, our data show that MVA infection promotes tumor cell death and hence
HMGB1 release (Figure 7A, 7B), similar to oncolytic vaccinia virus [51]. Moreover, IT injection
of MVA elicited a strong inflammatory response within the TME which was accompanied by
the induction of multiple MVA-related cytokines and chemokines [52]. IT application of 4-1BBL-
adjuvanted MVA strongly increased the concentration of IFNy and GM-CSF in B16.OVA
tumors (Figure 3B). This indicates that the induction of those molecules is downstream of 4-
1BB signaling. Indeed, in vitro activation of OVA-specific CD8* T cells by MVA-infected tumor
cells led to the production of large amounts of IFNy and GM-CSF exclusively in the presence
of MVA-encoded 4-1BBL (Figure 3B). We investigated MVA-encoded antigen distribution and
potential T cell priming in the TALN and other organs upon IT rMVA administration. We
addressed this by performing a comprehensive analysis of the localization of rMVA within
different organs after IT injection. MVA gDNA was mostly confined to the tumor site. However,
MVA gDNA were also detected in the TdALN, albeit at significantly lower amounts compared to
the tumor. Hence, the TALN could also serve as a priming site for tumor-specific T cells. Our
results are in concordance with previous work showing that MVA localizes in the paracortical
region of the draining LN after footpad injection of MVA [42]. In agreement to this, no protein
or gDNA was found in the NdLN.

An important aspect of tumor-directed immunotherapy is the generation of a systemic anti-
tumor immune response that eradicates distant metastases and induces long-term tumor
immunity. We showed that local MVA-TAA-4-1BBL treatment not only elicited immune
responses within the TME, but also led to systemic antigen-specific CD8* T cell responses in
the blood. Moreover, across many individual experiments and different TAAs employed, mice
that had rejected melanomas upon IT MVA-TAA-4-1BBL treatment developed vitiligo. Vitiligo
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is caused by autoreactive CD8 T cells that target the hair pigmenting melanocytes in the skin.
These cells have been activated by IT MVA-TAA-4-1BBL virotherapy most likely through
antigen spread, a phenomenon that describes the diversification of epitope specificity from the
initial focused, dominant epitope-specific immune response, e.g. Gp70 or OVA. Tumor antigen
spread is a desirable feature of cancer immunotherapy because it broadens the anti-tumor
response and prevents the likelihood of tumor escape by TAA loss.

In addition, our data obtained from the bilateral tumor model unambiguously demonstrated
that IT MVA-TAA-4-1BBL injection resulted in significant anti-tumor effects in untreated
lesions. These results therefore strongly indicate that the anti-tumor response triggered by
local MVA-TAA-4-1BBL administration was associated with system-wide immunity against the

primary tumor.

The ability of the immune system to maintain memory of previous antigen encounters is the
basis for long-term immunity. Here, we defined the components of immunological memory
induced upon IT MVA administration. Circulating TAA-specific CD8* T cells were detected in
mice several months after tumor clearance regardless of the tumor model or mouse strain
used. CD8* T cell frequencies were significantly increased when 4-1BBL-adjuvanted MVA was
used. We found that mice that were previously cured with IT MVA-TAA-4-1BBL were more
resistant to subcutaneous tumor rechallenge with B16.OVA or B16.F10 than MVA-TAA treated
counterparts. Analysis of tissues from those mice showed that T cell memory subsets were
not only found in the circulation but in multiple anatomical sites, suggesting immune
surveillance. Increased frequencies of antigen-specific CD8* Tcow and Tem subsets were
detected in spleen and blood after local tumor rechallenge of cured mice that previously
received MVA encoding 4-1BBL. It is well established that 4-1BBL/4-1BB signals are
particularly potent in enhancing the expansion and maintenance of CD8 effector and memory
T cells [43-45]. Likewise, MVA-encoded 4-1BBL costimulation enhanced the activation and
effector function of tumor-specific cytotoxic T cells which resulted in the formation of a potent

and diverse memory compartment.

In addition to circulating CD8* Tcm and Tewm subsets, resident CD8* Tam cells have been shown
to cooperate in anti-tumor immunity [32, 33, 46]. Interestingly, cured mice after IT 4-1BBL-
adjuvanted MVA showed increased frequencies of tumor-specific Tru cells exclusively in the
TdLN after local rechallenge either with B16.OVA or B16.F10. Although CD8* Trwm cells were
first identified in the tissues, they can also migrate from the tissues and accumulate in the
draining LN of mice upon antigen reencounter [34, 46, 47]. In line with our results, 4-1BB has
been shown to promote the establishment of an influenza-specific CD8* Trm pool in the lung
upon intranasal immunization [48]. We postulate a relationship between the expansion of
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tumor-specific CD8* Trw cells in the TALN and the better response to local secondary tumor
rechallenge by cured mice upon IT 4-1BBL adjuvanted MVA.

In cancers, memory CD8* T cells are often dysfunctional due to suboptimal differentiation or
maintenance conditions and chronic antigen exposure [49]. This phenomenon is associated
with the inability to secrete IL-2 and TNFa [50, 51]. Importantly, IT 4-1BBL adjuvanted MVA
generated a highly competent CD8* T cell memory pool, that upon reencounter of tumor
antigen expanded and produced significant amounts of IFNy, TNFa and IL-2 compared to IT

MVA in all rechallenge models tested.

In summary, we describe a novel therapeutic platform based on the local injection of a non-
replicating MVA expressing a tumor antigen in conjunction with 4-1BBL. IT virus injection
induced profound proinflammatory changes in the TME leading to reactivation and expansion
of tumor-specific CD8* T cells. In addition, we demonstrated the generation of a diverse CD8*
T cell memory population protecting from local and systemic tumor rechallenge. Together with
the excellent safety profile of MVA, our preclinical data provide a strong rationale for exploring
this approach in the clinic.

Final remark: Several documents are cited throughout the text of this specification. Each of
the documents cited herein (including all patents, patent applications, scientific publications,
manufacturer’s specifications, instructions, etc.) are hereby incorporated by reference in their
entirety. To the extent, the material incorporated by reference contradicts or is inconsistent
with this specification, the specification will supersede any such material. Nothing herein is to
be construed as an admission that the invention is not entitled to antedate such disclosure by

virtue of prior invention.

EXAMPLE 7: MVA recombinants for medical uses
7.1 Construction of MVA recombinants

Generation of recombinant MVA viruses that embody elements of the present disclosure was
done by insertion of the indicated transgenes with their promoters into the vector MVA-BN.
Transgenes were inserted using recombination plasmids containing the transgenes and a
selection cassette, as well as sequences homologous to the targeted loci within MVA-BN.
Homologous recombination between the viral genome and the recombination plasmid was
achieved by transfection of the recombination plasmid into MVA-BN infected CEF cells. The
selection cassette was then deleted during a second step with help of a plasmid expressing
CRE-recombinase, which specifically targets loxP sites flanking the selection cassette,
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therefore excising the intervening sequence. Alternatively, deletion of the selection cassette
was achieved by MVA-mediated recombination using MVA-derived internal repeat sequences.

For generation of recombinant MVA-mBN viruses, CEF cell cultures were each inoculated with
MVA-BN and transfected each with the corresponding recombination plasmid. In turn,
samples from these cell cultures were inoculated into CEF cultures in medium containing drugs
inducing selective pressure, and fluorescence-expressing viral clones were isolated by plaque
purification. Loss of the fluorescent-protein-containing selection cassette from these viral
clones was mediated in a second step by CRE-mediated recombination involving two loxP
sites flanking the selection cassette in each construct or MVA-mediated internal recombination
After the second recombination step only the transgene sequences (e.g., 4-1BBL) with their
promoters inserted in the targeted loci of MVA-BN were retained. Stocks of plaque-purified
virus lacking the selection cassette were prepared. Expression of the identified transgenes is
demonstrated in cells inoculated with the described construct.

7.2 Recombinant MVAs comprising HERV-K antigens

An MVA-based vector (“MVA-mBN489,” also referred to as “MVA-HERV-Prame-FOLR1-4-1-
BBL-CD40L") was designed comprising TAAs that are proteins of the K superfamily of human
endogenous retroviruses (HERV-K), specifically, ERV-K-env and ERV-K-gag. The MVA also
was designed to encode human FOLR1 and PRAME, and to express h4-1BBL and hCD40L.

A similar MVA-based vector referred to as “MVA-HERV-Prame-FOLR1-4-1-BBL” was
designed to express the TAAs ERV-K-env and ERV-K-gag and human FOLR1 and PRAME,
and to express h4-1BBL. Specifically, vector “MVA-BN-4IT” (“MVA-mBN494” or “MVA-HERV-
FOLR1-PRAME-h4-1-BBL") is schematically illustrated in Figure 8A. HERV-K genes encoding
the envelope (env) and group-specific antigen (gag) proteins are usually dormant in healthy
human tissue but are activated in many tumors. FOLR1 and PRAME are genes that are
specifically upregulated in cells of breast and ovarian cancers. The additional expression of
co-stimulatory molecule 4-1-BBL intends to enhance the immune response against the TAAs.

Another MVA-based vector referred to as “MVA-HERV-Prame-FOLR-CD40L was designed to
express the TAAs ERV-K-env and ERV-K-gag and human FOLR1 and PRAME, and to express
hCD40L. Each of these constructs is useful in methods of the invention.

Exemplary sequences are known in the art and are also set forth in the sequence listing
provided. Any sequence can be used in the compositions and methods of the invention so
long as it provides the necessary function to the relevant MVA.
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For the ERV-K env and gag sequences described above, an amino acid consensus sequence
was produced from at least 10 representative sequences, and a potential immunosuppressive
domain was inactivated by mutations and replaced in part with the immunodominant T-cell
epitope HERV-K-mel as shown below. Suitable sequences are set forth in SEQ ID NO:5 (ERV-
K-gag synthetic protein consensus sequence); SEQ ID NO:6 (ERV-K-gag synthetic nucleotide
sequence); SEQ ID NO:7 (ERV-K-env/MEL synthetic protein sequence); and SEQ ID NO:8
(ERV-K-env/MEL nucleotide sequence).

MNPSEMQRKAPPRRRRHRNRAPLTHKMNKMVTSEEQMKLPSTKKAEPPTWAQLKKLTQL
ATKYLENTKVTQTPESMLLAALMIVSMVVSLPMPAGAAAANYTYWAYVPFPPMIRAVTWMD
NPIEVYVNDSVWVPGPIDDRCPAKPEEEGMMINISIGYRYPPICLGRAPGCLMPAVQNWLVE
VPTVSPISRFTYHMVSGMSLRPRVNYLQDFSYQRSLKFRPKGKPCPKEIPKESKNTEVLVW
EECVANSAVILQNNEFGTIIDWAPRGQFYHNCSGQTQSCPSAQVSPAVDSDLTESLDKHKH
KKLQSFYPWEWGEKGISTPRPKIISPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDRKPF
YTVDLNSSLTVPLQSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTFNWQHRILLVRAR
EGVWIPVSMDRPWEASPSVHILTEVLKGVLNRSKRFIFTLIAVIMGLIAVTATAAVAGVALHSS
VQSVNFVNDWQKNSTRLWNSQSSIDQKMLAVISCAVQTVIWMGDRLMSLEHRFQLQCDW
NTSDFCITPQIYNESEHHWDMVRRHLQGREDNLTLDISKLKEQIFEASKAHLNLVPGTEAIAG
VADGLANLNPVTWVKTIGSTTINLILILVCLFCLLLVCRCTQQLRRDSDHRERAMMTMAVLSK
RKGGNVGKSKRDQIVTVSV

Modified consensus amino acid sequence of ERVK-env (above):

A potential immunosuppressive domain was inactivated by mutations. The introduced
mutations replace a substantial portion of the immunosuppressive domain by the
immunodominant T-cell epitope HERV-K-mel.

For some of these MVAs, hFOLR1 and PRAME were designed to be produced as a fusion
protein. FOLR1 (folate receptor alpha) belongs to the family of folate receptors. It has a high
affinity to folic acid and derivatives thereof, and is either secreted or expressed on the cell
surface as a membrane protein. The transmembrane protein is anchored to the plasma
membrane through a GPI (glycosylphosphatidylinositol) anchor which is most likely attached
in the endoplasmic reticulum (ER) through a serine (Ser) residue in the C-terminal region of
the protein. To avoid modification of FOLR1 with the GPIl-anchor and full processing of the
hFOLR1-hPRAME fusion protein in the ER, the C-terminal region from aa 234 to 257 (including
the Ser residue) was deleted.

PRAME (Preferentially expressed antigen of melanoma) is a transcriptional regulator protein.
It was first described as an antigen in human melanoma, which triggers autologous cytotoxic
T cell-mediated immune responses and is expressed in variety of solid and hematological
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cancers. PRAME inhibits retinoic acid signaling via binding to retinoic acid receptors and
thereby might provide a growth advantage to cancer cells. Functionality of PRAME requires
nuclear localization, so potential nuclear localization signals (NLS) in PRAME were modified
by targeted mutations in the hFOLR1-hPRAME fusion protein.

Thus, for the amino acid sequence of the hFOLR1-hPRAME fusion protein, FOLR1 was
modified by deleting the C-terminal GPI anchor signal, while in PRAME, two potential nuclear
localization signals were inactivated by amino acid substitutions. In this fusion protein, the N-
terminal signal sequence of hFOLR1 should result in ER-targeting and incomplete processing
of the fusion protein to serve as an additional safeguard to avoid nuclear localization of
PRAME.

The protein sequences of human FOLR1 and human PRAME were based on NCBI RefSeq
NP_000793.1 and NP_001278644.1, respectively. In addition to the modifications described
above, the nucleotide sequence of the fusion protein was optimized for human codon usage,
and poly-nt stretches, repetitive elements, and negative cis-acting elements were removed and
the nucleotide sequence is set forth in SEQ ID NO:10 (*hFOLR1A_hPRAMEA fusion”
nucleotide sequence), while the fusion protein sequence is set forth in SEQ ID NO:9.

MAQRMTTQLLLLLVWVAVVGEAQTRIAWARTELLNVCMNAKHHKEKPGPEDKLHEQCRPW
RKNACCSTNTSQEAHKDVSYLYRFNWNHCGEMAPACKRHFIQDTCLYECSPNLGPWIQQV
DQSWRKERVLNVPLCKEDCEQWWEDCRTSYTCKSNWHKGWNWTSGFNKCAVGAACQP
FHFYFPTPTVLCNEIWTHSYKVSNYSRGSGRCIQMWFDPAQGNPNEEVARFYAAAMSGAG
PWAAWRELLSLALMLELWLLSMERRRBRLWGSIQSRYISMSVWTSPRRLVELAGQSLLKDEAL
AIAALELLPRELFPPLFMAAFDGRHSQTLKAMVQAWPFTCLPLGVLMKGQHLHLETFKAVLD
GLDVLLAQEVRPRRWKLQVLDLRKNSHQDFWTVWSGNRASLYSFPEPEAAQPMTTKAKV
DGLSTEAEQPFIPVEVLVDLFLKEGACDELFSYLIEKVAAKKNVLRLCCKKLKIFAMPMQDIK
MILKMVQLDSIEDLEVTCTWKLPTLAKFSPYLGQMINLRRLLLSHIHASSYISPEKEEQYIAQF
TSQFLSLQCLQALYVDSLFFLRGRLDQLLRHVMNPLETLSITNCRLSEGDVMHLSQSPSVSQ
LSVLSLSGVMLTDVSPEPLQALLERASATLQDLVFDECGITDDQLLALLPSLSHCSQLTTLSE
YGNSISISALQSLLQHLIGLSNLTHVLYPVPLESYEDIHGTLHLERLAYLHARLRELLCELGRP
SMVWLSANPCPHCGDRTFYDPEPILCPCFMPN

Sequence of the hFOLR1-hPRAME fusion protein (above):

Amino acid sequence of the hFOLR1-hPRAME fusion protein, a fusion of modified human
FOLR1 (N-terminal portion) and PRAME (C-terminal portion). FOLR1 was modified by
deleting the C-terminal GPI anchor signal (strikethrough letters). In PRAME (underlined
letters), the initial Methionine was deleted, and two potential nuclear localization signals
were inactivated by amino acid substitutions (bold, underlined letters).
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The protein sequence of the membrane-bound human 4-1BBL used in this MVA shows 100%
identity to NCBI RefSeq NP_003802.1, and the protein sequence of the membrane-bound
human CD40L used shows 100% identity to NCBI RefSeq NP_000065.1. For both 4-1BBL
and CD40L, the nucleotide sequence was optimized for human codon usage, and poly-nt

stretches, repetitive elements, and negative cis-acting elements were removed.

The hCD40L amino acid sequence from NCBI RefSeq NP_000065.1. is set forth in SEQ ID
NO:1, while the nucleotide sequence of hCD40L is set forth in SEQ ID NO:2. The h4-1BBL
amino acid sequence from NCBI RefSeq NP_003802.1 is set forth in SEQ ID NO:3, while the
nucleotide sequence of h4-1BBL is set forth in SEQ ID NO:4.

Each coding region was placed under the control of a different promoter, except that ERV-K-
gag and h4-1BBL were both placed under the control of the Pr1328 promoter. The Pr1328
promoter (100bp in length) is an exact homologue of the Vaccinia Virus Promoter PrB2R. |t
drives strong immediate early expression as well as late expression at a lower level. In the
recombinant MVA-mBN489, the Pr13.5long promoter drives expression of ERVK-env/MEL.
This promoter compromises 124bp of the intergenic region between 014L/13.5L driving the
expression of the native MVA13.5L gene and exhibits a very strong early expression caused
by two early promoter core sequences (see Wennier ef al. (2013) PLoS One 8(8): €73511).
The MVA1-40k promoter, used here to drive expression of hCD40L, was originally isolated as
a 161 bp fragment from the vaccinia virus Wyeth Hind Il H region in 1986. It compromises
158bp of the Vaccinia Virus Wyeth and MVA genome within the intergenic region of 094L/095R
driving the late gene transcription factor VLTF-4. The promoter PrH5m, used here to drive
expression of the hFOLR1-hPRAME fusion protein, is a modified version of the Vaccinia virus
H5 gene promoter. It consists of strong early and late elements resulting in expression during
both early and late phases of infection of the recombinant MVA (see Wyatt et al (1996)
Vaccine 14: 1451-58).

Based on MVA-mBN494 (see above) still another vector was designed to contain a
modification in ERVK-env/MEL. The resulting vector was referred to as “MVA-mBN502” and is
schematically illustrated in Figure 9C. In addition to the modified ERVK-env/MEL, MVA-
mBN502 also encodes ERVK-gag, the hFOLR1-hPRAME fusion protein, as well as h4-1BBL.

Natively, HERV-K-env consists of a signal peptide, which is cleaved off post-translationally, a
surface (SU) and a transmembrane unit (TM). Cleavage into the two domains is achieved by
cellular proteases. An RSKR cleavage motif is required and sufficient for cleavage of the full-
length 90 kDa protein into SU (ca. 60 kDa) and TM (ca. 40 kDa) domains. As described above
for the preparation of MVA-mBN494, an amino acid consensus sequence for env derived from

at least ten representative sequences was generated, and a potential immunosuppressive
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domain in the TM was inactivated by mutations. The introduced mutations replaced a
substantial portion of the immunosuppressive domain by the immunodominant T-cell epitope
HERV-K-mel. This transgene (used in MVA-mBN494) was termed ERVK-env/MEL (Figure
9A).

As compared to MVA-mBN494, the TM domain in ERVK-env/MEL is deleted in MVA-mBN502.
This ERVK-env/MEL variant was designated “ERVK-env/MEL_03" and consists of the entire
SU domain except for the RSKR furin cleavage site, which was deleted. The MEL peptide was
inserted at the C-terminal end, followed by 6 amino acids of the TM domain (excluding the
fusion peptide sequence, which is strongly hydrophobic). In addition, this modified ERVK-
env/MEL was targeted to the plasma membrane by adding a membrane anchor derived from
the human PDGF (platelet-derived growth factor) receptor. This membrane anchor was
attached to the SU domain via a flexible glycine-containing linker (Figure 9B). The resulting
ERVK-env/MEL variant, i.e. ERVK-env/MEL_03, is contained in MVA-mBN502 (Figure 9C).
Suitable sequences of the variant are set forth in SEQ ID NO:11 (ERV-K-env/MEL_03 synthetic
protein sequence) and SEQ ID NO:12 (ERV-K-env/MEL_03 nucleotide sequence).

7.3 Bioactivity of MVA-HERV-FOLR1-PRAME-h4-1-BBL (MVA-BN-4IT)

It was investigated whether infection with MVA-BN-4IT (i.e., MVA-HERV-FOLR1-PRAME-h4-
1-BBL; see also above) would result in the presentation of vaccine-derived tumor antigens by
HLA molecules on human cells. To this end, HLA-ABC peptide complexes on antigen
presenting cells were immunoprecipitated, and it was analyzed which HLA-bound peptides
could be identified by mass spectrometry.

First, the human monocytic cell line THP-1 was differentiated into macrophages (Daigneault
et al. PLoS One, 2010), which exert antigen presenting capabilities, since antigens can be
loaded to HLA class | (Nyambura L. et al. J.Immuno/2016). Indeed, THP-1 cells express HLA-
A*0201*which is one of the most frequent haplotypes in the USA and Europe (approximately
30% of the population). Apart of HLA-A*02:01:01G, THP-1 cells were reported to express
HLA-B*15 and HLA-C*03 (Battle R. et al., Int. J. of Cancer). Here, 8x10°ml THP-1 cells were
cultured in the presence of 200 ng/mI PMA (phorbol-12-myristate-13-acetate) for 3 days before
medium was exchanged and cells were cultured for additional 2 days in the absence of PMA.
On day 5 cells were infected with MVA-BN-4IT with an InfU (infectious unit) of 4 for 12 hours.
As shown in Figure 8B, HERVK-env/MEL, HERVK-gag and the fusion protein FOLR1-PRAME
were expressed after infection of THP-1 cells with MVA-BN-4IT (“mBN494” in Figure 8B). In
contrast, the antigens were not endogenously expressed in uninfected THP-1 cells (“ctr” in
Figure 8B).
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Next, a “ProPresent” HLA-ABC ligandome analysis (Prolmmune) was performed. In MVA-BN-
4|T infected cells, four tumor antigen-derived peptides were identified: The HERV-K env
peptide ILTEVLKGV, the HERV-K gag peptide YLSFIKILL and the PRAME peptides
ALQSLLQHL and SLLQHLIGL. The two identified PRAME peptides are largely overlapping
and most likely share a common core epitope. Both peptides are predicted to bind very
strongly to HLA-A*02:01, whereby ALQSLLQHL has almost a similar binding rank to HLA-
B*15. Notably, the PRAME peptide SLLQHLIGL has already been described as an
immunogenic HLA-A*0201-presented cytotoxic T lymphocyte epitope in human (Kessler JH.
et al., J Exp Med., 2001). Altogether, the data demonstrate that the antigens expressed by
MVA-BN-4IT can be loaded into HLA of infected cells.

Furthermore, MVA-BN-4IT was tested for its capability of expressing 4-1-BBL in a functional
form that binds to its receptor, 4-1-BB. For that purpose, a commercial kit (“4-1BB Bioassay”,
Promega) was used. The assay consists of a genetically engineered Jurkat T cell line
expressing h4-1-BB and a luciferase reporter driven by a response element (RE) that can
respond to 4-1-BB ligand stimulation. When h4-1-BB is stimulated by h4-1-BBL the RE
activates cellular luciferase production within the cell. After cell lysis and addition of “Bio-Glo”
reagent (Promega), luminescence is measured using a luminometer and quantified. Briefly,
Hela cells were plated (1x10°) and infected (TCIDso = 2) each with the MVA-based constructs
indicated in Figure 8C, cultured overnight (37 °C, 5% COy), and then co-cultured with the
Jurkat-h4-1-BB cells (ratio of HelLa : Jurkat = 4:1) for 6 hours. His-tagged h4-1BBL cross-
linked with an Fc was used as a reference (positive control) and luciferase expression by
Jurkat-h4-1BB cells cultured with 1 pg/ml of the cross-linked h4-1BBI was set to 1 (Figure 8C,
dotted line). MVA-BN (i.e., not encoding h4-1-BBL) was used as a backbone control. As shown
in Figure 8C, HelLa cells infected with an MVA-based vector expressing h4-1-BBL induced a
more than 6-fold higher luciferase production (through the co-cultured Jurkat-h4-1-BB cells)
as compared to the reference. Notably, luciferase production mediated by MVA-BN-4IT was
even higher than that mediated by the other two h4-1-BBL expressing MVA vectors. Thus,
MVA-mBN494 expresses functional h4-1-BBL that effectively binds to its 4-1BB receptor.

Sequence listing

The nucleic and amino acid sequences listed in the accompanying sequence listing are shown
using standard letter abbreviations for nucleotide bases, and either one letter code or three letter
code for amino acids, as defined in 37 C.F.R. 1.822. Only one strand of each nucleic acid
sequence is shown, but the complementary strand is understood as included by any reference to
the displayed strand.
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Sequences in sequence listing:

SEQ ID NO:1: hCD40L amino acid sequence from NCBI RefSeq NP_000065.1. (261
amino acids)

SEQ ID NO:2:  hCD40L from NCBI RefSeq NP_000065.1 (792 nucleotides)

SEQ ID NO:3: h4-1BBL from NCBI RefSeq NP_003802.1 (254 amino acids)

SEQ ID NO:4: h4-1BBL from NCBI RefSeq NP_003802.1

SEQ ID NO:5:  ERV-K-gag (666 amino acids) synthetic consensus sequence

SEQ ID NO:6: ERV-K-gag; nt sequence

SEQ ID NO:7: ERV-K-env/MEL (699 amino acids) synthetic sequence

SEQ ID NO:8: ERV-K-env/MEL nt sequence

SEQ ID NO:9: hFOLR1A_hPRAMEA fusion (741 amino acids)

SEQ ID NO:10: hFOLR1A_hPRAMEA fusion (741 amino acids) nt sequence

SEQ ID NO:11: ERV-K-env/MEL_03 (517 amino acids) synthetic sequence

SEQ ID NO:12: ERV-K-env/MEL_03 nt sequence

SEQ ID NO:1
hCD40L from NCBI RefSeq NP_000065.1. (261 amino acids)

MIETYNQTSPRSAATGLPISMKIFMYLLTVFLITQMIGSALFAVYLHRRLDKIEDERNLHEDFV

FMKTIQRCNTGERSLSLLNCEEIKSQFEGFVKDIMLNKEETKKENSFEMQKGDQNPQIAAHV
ISEASSKTTSVLQWAEKGYYTMSNNLVTLENGKQLTVKRQGLYYIYAQVTFCSNREASSQA

PFIASLCLKSPGRFERILLRAANTHSSAKPCGQQSIHLGGVFELQPGASVFVNVTDPSQVSH

GTGFTSFGLLKL

SEQ ID NO:2
hCD40L from NCBI RefSeq NP_000065.1. (792 nucleotides)
nt-Sequence:

atgatcgagacatacaaccagacaagccctagaagegecgecacaggactgcectatcagcatgaagatcttcatgtacctgct
gaccgtgttcctgatcacccagatgatcggcagegcecctgtitgecgtgtacctgcacagacggetggacaagatcgaggacga
gagaaacctgcacgaggacttcgtgttcatgaagaccatccageggtgcaacaccggcegagagaagtctgagectgetgaac
tgcgaggaaatcaagagccagttcgagggcttcgtgaaggacatcatgctgaacaaagaggaaacgaagaaagagaactc
cttcgagatgcagaagggcgaccagaatcctcagatcgecgetcacgtgatcagcgaggecagecagcaagacaacaagegt
gctgcagtgggecgagaagggctactacaccatgagcaacaacctggtcacecctggagaacggcaagceagctgacagtga
agcggcagggcectgtactacatctacgceccaagtgacctictgcagcaacagagaggcecagctctcaggcetectttcatcgeca
gectgtgectgaagtetcctggeagattcgageggattetgetgagagecgecaacacacacagceagegccaaaccttgtggec
agcagtctattcacctcggeggagtgtitgagetgcagectggegeaagegtgticgtgaatgtgacagaccctagecaggtgtec
cacggcaccggctttacatctttcggactgctgaagctgtgatgatag
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SEQID NO: 3
h4-1BBL from NCBI RefSeq NP_003802.1. (254 amino acids)

MEYASDASLDPEAPWPPAPRARACRVLPWALVAGLLLLLLLAAACAVFLACPWAVSGARA
SPGSAASPRLREGPELSPDDPAGLLDLRQGMFAQLVAQNVLLIDGPLSWYSDPGLAGVSLT
GGLSYKEDTKELVVAKAGVYYVFFQLELRRVVAGEGSGSVSLALHLQPLRSAAGAAALALT
VDLPPASSEARNSAFGFQGRLLHLSAGQRLGVHLHTEARARHAWQLTQGATVLGLFRVTP
EIPAGLPSPRSE

SEQ ID NO:4
h4-1BBL from NCBI RefSeq NP_003802.1.

nt sequence:

atggaatacgccagcgacgcctctctggaccctgaagetecttggectccagetectagagecagggcttgtagagtgcetgecttg
ggctcttgtggctggacttctgetictgttgetectggcetgcetgectgegeagtgtttcttgetigtccatgggcetgtgtcaggagecaga

gcatctectggatctgecgcetictcccagactgagagagggacctgaactgagecctgatgatectgetggactgetcgacctgag
acagggcatgtttgcccagcetggtggeccagaatgtgctgcetgattgatggecctetgagetggtacagegatectggacttgetgg
cgttagcctgactggaggcectgagctacaaggaggacaccaaagaactggtggtggecaaggcetggegtgtactacgtgttcttt
cagctggaactgcggagagtggtggcaggegaaggatctggatecgtgtetetggeactgeatetgcagectetgagatetgctg
ctggtgcagctgecctggetetgacagttgatctgectectgectccagegaagecagaaacagegcctttggettccaaggeag

actgctgcacctgtctgetggecagagactgggagtgcacctccacacagaagcaagagcaagacacgectggeagcttaca
caaggcgctacagtgctgggectgtticagagtgacacctgagattccagcetggcttgecatctecctcgecagegagtaatga

SEQ ID NO:5
ERV-K-env/MEL (699 amino acids)

MNPSEMQRKAPPRRRRHRNRAPLTHKMNKMVTSEEQMKLPSTKKAEPPTWAQLKKLTQL
ATKYLENTKVTQTPESMLLAALMIVSMVVSLPMPAGAAAANYTYWAYVPFPPMIRAVTWMD
NPIEVYVNDSVWVPGPIDDRCPAKPEEEGMMINISIGYRYPPICLGRAPGCLMPAVQNWLV
EVPTVSPISRFTYHMVSGMSLRPRVNYLQDFSYQRSLKFRPKGKPCPKEIPKESKNTEVLV
WEECVANSAVILQNNEFGTIIDWAPRGQFYHNCSGQTQSCPSAQVSPAVDSDLTESLDKH
KHKKLQSFYPWEWGEKGISTPRPKIISPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDR
KPFYTVDLNSSLTVPLQSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTFNWQHRILL
VRAREGVWIPVSMDRPWEASPSVHILTEVLKGVLNRSKRFIFTLIAVIMGLIAVTATAAVAGV
ALHSSVQSVNFVNDWQKNSTRLWNSQSSIDQKMLAVISCAVQTVIWMGDRLMSLEHRFQL
QCDWNTSDFCITPQIYNESEHHWDMVRRHLQGREDNLTLDISKLKEQIFEASKAHLNLVPG
TEAIAGVADGLANLNPVTWVKTIGSTTIINLILILVCLFCLLLVCRCTQQLRRDSDHRERAMMT
MAVLSKRKGGNVGKSKRDQIVTVSV

SEQ ID NO:6
ERV-K-env/MEL
nt sequence

atgaaccctagcgagatgcagagaaaggctccacctagacggagaagacacagaaacagggctcectctgacacacaagat
gaacaagatggtcaccagcgaggaacagatgaaactgcccagcaccaagaaggcecgagectccaacatgggcetcagetga
agaaactgacccagctggccaccaagtacctggagaacaccaaagtgacccagacacctgagagceatgcetgetggeagcete
tgatgatcgtgtccatggtggtgtecctgectatgectgetggtgctgecgetgecaactacacatactgggectacgtgecctttect
cctatgatcagagecgtgacctggatggacaaccctattgaggtgtacgtgaacgacagegtgtgggtgccaggacctatcgac
gatagatgtcctgccaaacctgaggaagagggceatgatgatcaacatcagcatcggcetaccggtatectecaatetgectggge
agagcacctggctgtcttatgccagcetgtgcagaattggcetggtggaagtgectaccgtgteteccatcagecggttcacctaccac
atggtgtccggeatgagcectcagacctagagtgaactactigcaggacttcagctatcagcggagectgaagttcagacccaag
ggaaagccctgtcctaaagagattcccaaagagtccaagaacaccgaggtgctegtgtgggaagagtgegtggecaattetge
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cgtgatcctgcagaacaacgagticggcaccatcattgactgggcetectagaggecagtictaccacaattgcageggacagac
acagagctgtcctagecgcacaagtgtcaccagecgtggatagegatctgaccgagagectggacaagcacaaacacaagaa
acttcagagcttctatccctgggagtggggagagaagggceatctctacaccaaggectaagatcattagecctgtgtetggacca
gaacatcccgaactitggagactgacagtggcecagecaccacatcagaatctggageggcaatcagaccctggaaacacgg
gacagaaagcccttctacaccgtcgatctgaacagcagectgaccgtgcectctccagagcetgtgtgaagcectecttacatgetggt
cgtgggcaacattgtgatcaageccgactcccagaccatcacatgcgagaactgcagactgcetgacctgeatcgacageacctt
caactggcagcaccggatcctgetegtgegagetagagaaggegtgtggateectgtetctatggacaggecttgggaagecag
ccctagegtgeacattctgacagaggtgctgaagggegtgctcaacagatccaageggticatcttcaccctgatcgecgtcatca
tgggcectgattgctgtgacagecacagcetgetgttgetggegtggecctgeatagcetetgtgcagagegtgaacttcgtgaacgatt
ggcagaagaacagcacacggctgtggaacagccagagcagcatcgaccagaagatgctggecgtgatetectgtgecgtge
agacagttatctggatgggcgacagactgatgagcectggaacaccggttccagetgcagtgcgactggaataccagcegacttct
gcatcacacctcagatctacaacgagagcgagcaccactgggatatggtccgaaggceatctgcagggcagagaggacaacc
tgacactggacatcagcaagctgaaagagcagatcticgaggccagcaaggctcacctgaatctggtgectggaaccgaage
tattgctggagttgcagatggectggecaatctgaatectgtgacctgggtcaagaccatcggcagcaccacaatcatcaacctg
atcctgatcctegtgtgectgttttgectgcetgcettgtgtgcagatgcacccagcagetgagaagagacagegaccatagagaaa
gagccatgatgaccatggecgtcctgagcaagagaaagggaggcaacgtgggcaagagcaagegggatcagategtgace
gtgtccgtttgataa

SEQ ID NO:7
ERV-K-gaqg (666 amino acids)

MGQTKSKIKSKYASYLSFIKILLKRGGVKVSTKNLIKLFQIEQFCPWFPEQGTLDLKDWKRIG
KELKQAGRKGNIIPLTVWNDWAIIKAALEPFQTEEDSVSVSDAPGSCIIDCNENTRKKSQKET
ESLHCEYVAEPVMAQSTQNVDYNQLQEVIYPETLKLEGKGPELVGPSESKPRGTSPLPAG
QVPVTLQPQKQVKENKTQPPVAYQYWPPAELQYRPPPESQYGYPGMPPAPQGRAPYPQ
PPTRRLNPTAPPSRQGSELHEIIDKSRKEGDTEAWQFPVTLEPMPPGEGAQEGEPPTVEA
RYKSFSIKMLKDMKEGVKQYGPNSPYMRTLLDSIAHGHRLIPYDWEILAKSSLSPSQFLQFK
TWWIDGVQEQVRRNRAANPPVNIDADQLLGIGQNWSTISQQALMQNEAIEQVRAICLRAW
EKIQDPGSTCPSFNTVRQGSKEPYPDFVARLQDVAQKSIADEKARKVIVELMAYENANPEC
QSAIKPLKGKVPAGSDVISEYVKACDGIGGAMHKAMLMAQAITGVVLGGQVRTFGGKCYNC
GQIGHLKKNCPVLNKQNITIQATTTGREPPDLCPRCKKGKHWASQCRSKFDKNGQPLSGN
EQRGQPQAPQQTGAFPIQPFVPQGFQGQQPPLSQVFQGISQLPQYNNCPPPQAAVQQ

SEQ ID NO:8

ERV-K-dag
nt sequence

atgggacagaccaagagtaagatcaagtctaagtacgccagctacctcagceticatcaagatectgctgaagagaggaggegt
gaaagtgtccaccaagaacctgatcaagctgttccagatcatcgagceagttctgtccctggtitcctgagcagggceaccctggate
tgaaggactggaagcggatcggcaaagagctgaagcaggctggcagaaagggcaacatcatcectetgaccgtgtggaacg
actgggccatcatcaaagcagctctggaacccticcagaccgaagaggatagegtgtecgtgtctgatgetectggeagctgeat
catcgactgcaacgagaacacccggaagaagtcccagaaagagacagagagectgcactgcgagtacgtggecgaacctg
tgatggctcagagcacccagaacgtggactacaaccagcetccaagaagtgatctatcccgaaacactgaagetggaaggea
agggacctgaactcgtgggtectictgagtctaagcccagaggeacatctectctgectgcaggacaggtgecagtgacactge
agcctcagaaacaagtgaaagagaacaagacccagcectcetgtggectaccagtattggectccagecgagcetgcagtacag
acctcctccagagagcecagtacggctaccctggaatgectectgctectcaaggcagagctecttatcctcagectectaccaga
cggctgaaccctacagetectcctagcagacagggcetctgagetgcacgagatcattgacaagagecggaaagagggegac
accgaggcttggcagtttccegttacactggaacccatgectccaggecgaaggegctcaagaaggegaacctcctacagtgga
agccaggtacaagagcttcagcatcaagatgctgaaggacatgaaggaaggegtcaagcagtacggacctaacageccata
catgcggaccctgctggattctattgcccacggecaccggetgatcecttacgattgggagatectggetaagtectetetgagece
tagccagttcctgcagticaagacctggtggatcgacggegtgcaagaacaagtgagacggaacagagctgcecaatcctectg
tgaacatcgacgccgaccagctcctcggaatcggecagaattggageaccatctctcagcaggcetctgatgcagaacgaggec
attgaacaagtcagagccatctgcctgagagcttgggagaagattcaggacccaggcagceacatgtcccagcttcaataccgtt
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cggcagggcagcaaagagccctatcctgactttgtggctagactgcaggatgtggeccagaagtctattgccgacgagaagge
tcggaaagtgatcgtggaactgatggectacgagaacgctaatccagagtgccagagegecatcaageccttgaagggcaaa
gtgcctgecggatecgatgtgatcagegagtatgtgaaggectgcgacggaatcggaggtgecatgcacaaagecatgetgat
ggcacaggccatcactggegttgtgctcggaggacaagticggacctttggaggcaagtgctacaactgtggecagatcggac
acctgaagaagaactgccctgtgctgaacaagcagaacatcaccatccaggcecaccaccaccggcagagaacctccagatc
tgtgcectagatgcaagaagggcaagcactgggecagecagtgcagaagcaagttcgacaagaacggcecagcectctgage
ggcaacgaacaaagaggacagcctcaggctcctcagcagactggegeatticcaatccageccttegtgectcaaggcettcca
gggacaacagcctccactgtctcaggtgttccagggceattagecagetecctcagtacaacaactgccectccacctcaggcetgcet
gtgcagcagtgatga

SEQ ID NO:9
hFOLR1A hPRAMEA fusion (741 amino acids)

MAQRMTTQLLLLLVWVAVVGEAQTRIAWARTELLNVCMNAKHHKEKPGPEDKLHEQCRP
WRKNACCSTNTSQEAHKDVSYLYRFNWNHCGEMAPACKRHFIQDTCLYECSPNLGPWIQ
QVDQSWRKERVLNVPLCKEDCEQWWEDCRTSYTCKSNWHKGWNWTSGFNKCAVGAAC
QPFHFYFPTPTVLCNEIWTHSYKVSNYSRGSGRCIQMWFDPAQGNPNEEVARFYAAAMER
RRLWGSIQSRYISMSVWTSPRRLVELAGQSLLKDEALAIAALELLPRELFPPLFMAAFDGRH
SQTLKAMVQAWPFTCLPLGVLMKGQHLHLETFKAVLDGLDVLLAQEVRPRRWKLQVLDLR
KNSHQDFWTVWSGNRASLYSFPEPEAAQPMTTKAKVDGLSTEAEQPFIPVEVLVDLFLKE
GACDELFSYLIEKVAAKKNVLRLCCKKLKIFAMPMQDIKMILKMVQLDSIEDLEVTCTWKLPT
LAKFSPYLGQMINLRRLLLSHIHASSYISPEKEEQYIAQFTSQFLSLQCLQALYVDSLFFLRGR
LDQLLRHVMNPLETLSITNCRLSEGDVMHLSQSPSVSQLSVLSLSGVMLTDVSPEPLQALLE
RASATLQDLVFDECGITDDQLLALLPSLSHCSQLTTLSFYGNSISISALQSLLQHLIGLSNLTH
VLYPVPLESYEDIHGTLHLERLAYLHARLRELLCELGRPSMVWLSANPCPHCGDRTFYDPE
PILCPCFMPN

SEQ ID NO:10
hFOLR1A hPRAMEA fusion (741 amino acids)

nt sequence

tggcccagagaatgaccacacaactgctgctgctectggtgtgggttgecgttgttggagaggeccagaccagaattgectggge
cagaaccgagctgctgaacgtgtgcatgaacgccaagceatcacaaagagaagectggacctgaagacaagctgcatgaac
agtgtcggcecttggagaaagaatgcettgctgtagcaccaacaccagccaagaggceccacaaggacgtgtectacctgtacegg
ttcaactggaaccactgcggagaaatggctectgectgcaagagacacttcatccaggatacctgectgtacgagtgetcteeca
atctcggaccttggatccagcaagtggaccagagetggcggaaagaacgggtgcetgaatgtgecctigtgcaaagaggattge
gagcagtggtgggaagattgccggaccagctacacatgtaagagcaactggcacaaaggcetggaactggaccageggctte
aacaagtgtgccgtgggagctgectgecagcctticcactictacttcccaacacctaccgtgetgtgcaacgaaatctggaccca
cagctacaaggtgtccaactacagcagaggcageggcaggtgtatccagatgtggticgatccegetcagggcaatcccaatg
aggaagtggctagattctacgctgctgccatggaaagaagaaggcetctggggeagceatccagagecggtacattagcatgage
gtgtggacaagccctagacggctggttgaactggetggacagagectgctcaaggatgaggecctggecattgetgetetggag
ctgctgectagagagctgttcectectetgttcatggcetgecticgacggcagacacagecagacactgaaagcecatggtgcagg
cctggectttcacctgtetgectetgggagtgctgatgaagggecageatctgcacctggaaaccttcaaggecgtgetggacgge
ctggatgttctcctggetcaagaggtgaggectcggegtiggaaactgcaggtictggatctgcggaagaactctcaccaggattt
ctggaccgtttggtccggcaacagagcecagectgtacagctticetgaacctgaggcetgeccageccatgaccacaaaggeca
aagtggatggcctgagcacagaggecgagcagcctitcattccegtcgaagtgctggtggacctgticctgaaagaaggagect
gcgatgagcetgttcagetacctgattgagaaggtggcagccaagaagaacgtgctgeggetgtgetgcaagaagcetgaagate
tttgccatgcectatgcaggatatcaagatgatcctgaagatggtgcagcetggacageatcgaggacctggaagtgacctgtacct
ggaagctgcccacactggccaagtticageccttacctgggacagatgattaacctgcggaggctgcetgctgtetcacatccacge
cagctcctacatcagcecctgagaaagaggaacagtatatcgcccagttcacaagecagtttctgagectgcagtgtctgcagge
cctgtacgtggacagcectgttettictgagaggcaggctggatcagetgetgeggeacgtgatgaaccctetggaaaccetgage
atcaccaactgtagactgagcgagggcgacgtgatgcacctgtctcagagceccatetgtgtctcagetgagegtgctgtetctgtet
ggcgtgatgctgaccgatgtgagecctgaacctctgcaggeactgetggaaagagectcegcetactctgcaggacctggtgticg
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atgagtgcggcatcaccgatgaccagctgcttgetctgetgccaagectgagecactgtagecagetgacaaccetgtecttctac
ggcaacagcatctccatctctgecctgeagtctetectgcagceatctgatcggectgtccaatctgacccacgtgetgtaccectgtge
cactggaaagctacgaggacatccacggaaccctgcacctcgagagactggectatctgcatgetcggetgagagaactgcetg
tgcgaactgggcagacccagcatggtitggctgagegecaatcecatgtectcactgtggegaccggaccttctacgaccctgage
ctatcctgtgtecttgettcatgcccaactaatag

SEQ ID NO:11
ERV-K-env/MEL 03 (517 amino acids)

MNPSEMQRKAPPRRRRHRNRAPLTHKMNKMVTSEEQMKLPSTKKAEPPTWAQLKKLTQL
ATKYLENTKVTQTPESMLLAALMIVSMVVSLPMPAGAAAANYTYWAYVPFPPMIRAVTWMD
NPIEVYVNDSVWVPGPIDDRCPAKPEEEGMMINISIGYRYPPICLGRAPGCLMPAVQNWLV
EVPTVSPISRFTYHMVSGMSLRPRVNYLQDFSYQRSLKFRPKGKPCPKEIPKESKNTEVLV
WEECVANSAVILQNNEFGTIIDWAPRGQFYHNCSGQTQSCPSAQVSPAVDSDLTESLDKH
KHKKLQSFYPWEWGEKGISTPRPKIISPVSGPEHPELWRLTVASHHIRIWSGNQTLETRDR
KPFYTVDLNSSLTVPLQSCVKPPYMLVVGNIVIKPDSQTITCENCRLLTCIDSTFNWQHRILL
VRAREGVWIPVSMDRPWEASPSVHILTEVLKGVLNMLAVISCAVAGVALHGSAGSAAGSGE
FVVISAILALVVLTISLILIMLWQKKPR

SEQ ID NO:12
ERV-K-env/MEL 03

nt sequence

atgaaccctagcgagatgcagagaaaggctccacctagacggagaagacacagaaacagggctcctctgacacacaagat
gaacaagatggtcaccagcgaggaacagatgaaactgcccagcaccaagaaggcecgagectccaacatgggcetcagcetga
agaaactgacccagctggccaccaagtacctggagaacaccaaagtgacccagacacctgagagcatgctgetggeagete
tgatgatcgtgtccatggtggtgtecctgectatgectgetggtgetgecgetgecaactacacatactgggectacgtgecctttect
cctatgatcagagccgtgacctggatggacaaccctattgaggtgtacgtgaacgacagegtgtgggtgccaggacctatcgac
gatagatgtcctgccaaacctgaggaagagggcatgatgatcaacatcagcatcggcetaccggtatectccaatetgectggge
agagcacctggctgtcttatgccagctgtgcagaattggetggtggaagtgectacegtgtetcccatcagecggticacctaccac
atggtgtccggceatgagectcagacctagagtgaactacttgcaggacttcagctatcagecggagectgaagttcagacccaag
ggaaagccctgtcctaaagagattcccaaagagtccaagaacaccgaggtgcetegtgtgggaagagtgegtggecaattetge
cgtgatcctgcagaacaacgagttcggcaccatcattgactgggetcctagaggecagtictaccacaattgcagcggacagac
acagagctgtcctagcgcacaagtgtcaccagecgtggatagegatctgaccgagagectggacaagcacaaacacaagaa
acttcagagctictatccctgggagtggggagagaagggcatctctacaccaaggectaagatcattagecctgtgtetggacca
gaacatcccgaactitggagactgacagtggecagccaccacatcagaatctggageggcaatcagaccctggaaacacgg
gacagaaagcccttctacaccgtcgatctgaacagcagcectgaccgtgectetccagagcetgtgtgaagectecttacatgetggt
cgtgggcaacattgtgatcaagcccgactcccagaccatcacatgcgagaactgcagactgctgacctgcatcgacageacctt
caactggcagcaccggatcctgetegtgcgagetagagaaggegtgtggatecctgtctetatggacaggecttgggaagecag
ccctagegtgeacattctgacagaggtgctgaagggegtgctcaacatgetggecgtgatetectgtgeegtggetggegtggee
ctgcatggctctgctggatctgetgctggaageggegagttegtggteatctctgecattetggetetggtggtgetgaccatcatcag
cctgatcatcctgattatgetgtggcagaagaagecccggtgataa



WO 2021/099572 44 PCT/EP2020/082888

References

. Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat Rev
Cancer 2012;12(4):252-64. doi: 10.1038/nrc3239 [published Online First: 2012/03/23]
. Aznar MA, Tinari N, Rullan AJ, et al. Intratumoral Delivery of Immunotherapy-Act Locally,
Think Globally. J Immunol 2017;198(1):31-39. doi: 10.4049/jimmunol.1601145
[published Online First: 2016/12/21]

. Ellmark P, Mangsbo SM, Furebring C, et al. Tumor-directed immunotherapy can generate
tumor-specific T cell responses through localized co-stimulation. Cancer Immunol
Immunother 2017;66(1):1-7. doi: 10.1007/s00262-016-1909-3 [published Online First:
2016/10/08]

. Pol J, Kroemer G, Galluzzi L. First oncolytic virus approved for melanoma immunotherapy.
Oncoimmunology 2016;5(1):e1115641. doi: 10.1080/2162402X.2015.1115641
[published Online First: 2016/03/05]

. Kaufman HL, Kohlhapp FJ, Zloza A. Oncolytic viruses: a new class of immunotherapy
drugs. Nat Rev Drug Discov 2015;14(9):642-62. doi: 10.1038/nrd4663

. Davola ME, Mossman KL. Oncolytic viruses: how "lytic" must they be for therapeutic
efficacy? Oncoimmunology 2019;8(6):e1581528. doi:
10.1080/2162402X.2019.1596006 [published Online First: 2019/05/10]

. Russell SJ, Barber GN. Oncolytic Viruses as Antigen-Agnostic Cancer Vaccines. Cancer
Cell 2018;33(4):599-605. doi: 10.1016/j.ccell.2018.03.011

. Russell SJ, Peng KW, Bell JC. Oncolytic virotherapy. Nat Biotechnol 2012;30(7):658-70.
doi: 10.1038/nbt.2287

. Pittman PR, Hahn M, Lee HS, et al. Phase 3 Efficacy Trial of Modified Vaccinia Ankara as
a Vaccine against Smallpox. N Engl J Med 2019;381(20):1897-908. doi:
10.1056/NEJMoa1817307 [published Online First: 2019/11/14]

10. Anywaine Z, Whitworth H, Kaleebu P, et al. Safety and Immunogenicity of a 2-Dose

Heterologous Vaccination Regimen With Ad26.ZEBOV and MVA-BN-Filo Ebola
Vaccines: 12-Month Data From a Phase 1 Randomized Clinical Trial in Uganda and
Tanzania. J Infect Dis 2019;220(1):46-56. doi: 10.1093/infdis/jiz070 [published Online
First: 2019/02/24]

11. Waibler Z, Anzaghe M, Frenz T, et al. Vaccinia virus-mediated inhibition of type | interferon

responses is a multifactorial process involving the soluble type | interferon receptor
B18 and intracellular components. J Viro/l 2009;83(4):1563-71. doi:
10.1128/JV1.01617-08 [published Online First: 2008/12/17]



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

WO 2021/099572 45 PCT/EP2020/082888

Price PJ, Torres-Dominguez LE, Brandmuller C, et al. Modified Vaccinia virus Ankara:
innate immune activation and induction of cellular signalling. Vaccine
2013;31(39):4231-4. doi: 10.1016/j.vaccine.2013.03.017 [published Online First:
2013/03/26]

Samuelsson C, Hausmann J, Lauterbach H, et al. Survival of lethal poxvirus infection in
mice depends on TLR9, and therapeutic vaccination provides protection. J Clin Invest
2008;118(5):1776-84. doi: 10.1172/JCI33940 [published Online First: 2008/04/10]

Harrer E, Bauerle M, Ferstl B, et al. Therapeutic vaccination of HIV-1-infected patients on
HAART with a recombinant HIV-1 nef-expressing MVA: safety, immunogenicity and
influence on viral load during treatment interruption. Antivir Ther 2005;10(2):285-300.
[published Online First: 2005/05/04]

Suter M, Meisinger-Henschel C, Tzatzaris M, et al. Modified vaccinia Ankara strains with
identical coding sequences actually represent complex mixtures of viruses that
determine the biological properties of each strain. Vaccine 2009;27(52):7442-50. doi:
10.1016/j.vaccine.2009.05.095 [published Online First: 2009/06/23]

Lauterbach H, Patzold J, Kassub R, et al. Genetic Adjuvantation of Recombinant MVA
with CD40L Potentiates CD8 T Cell Mediated Immunity. Front Immunol 2013;4:251.
doi: 10.3389/fimmu.2013.00251 [published Online First: 2013/08/30]

Medina-Echeverz J, Hinterberger M, Testori M, et al. Synergistic cancer immunotherapy
combines MVA-CD40L induced innate and adaptive immunity with tumor targeting
antibodies. Nat Commun 2019;10(1):5041. doi: 10.1038/s41467-019-12998-6
[published Online First: 2019/11/07]

Lawler SE, Speranza MC, Cho CF, et al. Oncolytic Viruses in Cancer Treatment: A
Review. JAMA Oncol 2017;3(6):841-49. doi: 10.1001/jamaoncol.2016.2064

Watts CWGHYLAJMTH. Immune regulation by 4-1BB and 4-1BBL: complexities and
challenges. Immunological Reviews 2009

Hendriks J, Xiao Y, Rossen JW, et al. During viral infection of the respiratory tract, CD27,
4-1BB, and OX40 collectively determine formation of CD8+ memory T cells and their
capacity for secondary expansion. J Immunol 2005;175(3):1665-76. doi:
10.4049/jimmunol.175.3.1665

Palazon A, Martinez-Forero |, Teijeira A, et al. The HIF-1alpha hypoxia response in tumor-
infiltrating T lymphocytes induces functional CD137 (4-1BB) for immunotherapy.
Cancer Discov 2012;2(7):608-23. doi: 10.1158/2159-8290.CD-11-0314 [published
Online First: 2012/06/22]

Bartkowiak T, Curran MA. 4-1BB Agonists: Multi-Potent Potentiators of Tumor Immunity.
Front Oncol 2015;5:117. doi: 10.3389/fonc.2015.00117 [published Online First:
2015/06/25]



WO 2021/099572 46 PCT/EP2020/082888

23. Imai C, Mihara K, Andreansky M, et al. Chimeric receptors with 4-1BB signaling capacity
provoke potent cytotoxicity against acute Ilymphaoblastic leukemia. Leukemia
2004;18(4):676-84. doi: 10.1038/sj.leu.2403302

24. Nakao S, Arai Y, Tasaki M, et al. Intratumoral expression of IL-7 and IL-12 using an
oncolytic virus increases systemic sensitivity to immune checkpoint blockade. Sci
Trans! Med 2020;12(526) doi: 10.1126/scitransimed.aax7992 [published Online First:
2020/01/17]

25. Dai P, Wang W, Yang N, et al. Intratumoral delivery of inactivated modified vaccinia virus
Ankara (iIMVA) induces systemic anti-tumor immunity via STING and Batf3-dependent
dendritic cells. Sci Immunol 2017;2(11) doi: 10.1126/sciimmunol.aal1713 [published
Online First: 2017/08/02]

26. Kudo-Saito C, Schlom J, Hodge JW. Intratumoral vaccination and diversified
subcutaneous/ intratumoral vaccination with recombinant poxviruses encoding a tumor
antigen and multiple costimulatory molecules. Clin Cancer Res 2004;10(3):1090-9.
doi: 10.1158/1078-0432.ccr-03-0145 [published Online First: 2004/02/12]

27. Rivadeneira DB, DePeaux K, Wang Y, et al. Oncolytic Viruses Engineered to Enforce
Leptin Expression Reprogram Tumor-Infiltrating T Cell Metabolism and Promote
Tumor Clearance. Immunity 2019;51(3):548-60 e4. doi: 10.1016/j.immuni.2019.07.003
[published Online First: 2019/09/01]

28. Kim HS, Kim-Schulze S, Kim DW, et al. Host lymphodepletion enhances the therapeutic
activity of an oncolytic vaccinia virus expressing 4-1BB ligand. Cancer Res
2009;69(21):8516-25. doi: 10.1158/0008-5472.CAN-09-2522

29. Huang AY, Gulden PH, Woods AS, et al. The immunodominant major histocompatibility
complex class I-restricted antigen of a murine colon tumor derives from an endogenous
retroviral gene product. Proc Natl Acad Sci U S A 1996;93(18):9730-5. doi:
10.1073/pnas.93.18.9730 [published Online First: 1996/09/03]

30. Risser R, Horowitz JM, McCubrey J. Endogenous mouse leukemia viruses. Annu Rev
Genet1983;17:85-121. doi: 10.1146/annurev.ge.17.120183.000505 [published Online
First: 1983/01/01]

31. Kaech SM, Tan JT, Wherry EJ, et al. Selective expression of the interleukin 7 receptor
identifies effector CD8 T cells that give rise to long-lived memory cells. Nat Immunol
2003;4(12):1191-8. doi: 10.1038/ni1009 [published Online First: 2003/11/20]

32. Enamorado M, Iborra S, Priego E, et al. Enhanced anti-tumour immunity requires the
interplay between resident and circulating memory CD8(+) T cells. Nat Commun
2017;8:16073. doi: 10.1038/ncomms16073 [published Online First: 2017/07/18]



WO 2021/099572 47 PCT/EP2020/082888

33. Nizard M, Roussel H, Diniz MO, et al. Induction of resident memory T cells enhances the
efficacy of cancer vaccine. Nat Commun 2017;8:15221. doi: 10.1038/ncomms15221
[published Online First: 2017/05/26]

34. Beura LK, Wijeyesinghe S, Thompson EA, et al. T Cells in Nonlymphoid Tissues Give Rise
to Lymph-Node-Resident Memory T Cells. Immunity 2018;48(2):327-38 e5. doi:
10.1016/j.immuni.2018.01.015 [published Online First: 2018/02/22]

35. Overton ET, Lawrence SJ, Wagner E, et al. Immunogenicity and safety of three
consecutive production lots of the non replicating smallpox vaccine MVA: A

randomised, double blind, placebo controlled phase Il trial. PLoS One
2018;13(4):e0195897. doi: 10.1371/journal.pone.0195897 [published Online First:
2018/04/14]

36. Kassiotis G, Stoye JP. Immune responses to endogenous retroelements: taking the bad
with the good. Nat Rev Immunol 2016;16(4):207-19. doi: 10.1038/nri.2016.27

37. Scrimieri F, Askew D, Corn DJ, et al. Murine leukemia virus envelope gp70 is a shared
biomarker for the high-sensitivity quantification of murine tumor burden.
Oncoimmunology 2013;2(11):e26889. doi: 10.4161/0nci.26889

38. Attermann AS, Bjerregaard AM, Saini SK, et al. Human endogenous retroviruses and their
implication for immunotherapeutics of cancer. Ann Oncol 2018;29(11):2183-91. doi:
10.1093/annonc/mdy413

39. Wang-Johanning F, Radvanyi L, Rycaj K, et al. Human endogenous retrovirus K triggers
an antigen-specific immune response in breast cancer patients. Cancer Res
2008;68(14):5869-77. doi: 10.1158/0008-5472.CAN-07-6838

40. Kong Y, Rose CM, Cass AA, et al. Transposable element expression in tumors is
associated with immune infiltration and increased antigenicity. Nat Commun
2019;10(1):5228. doi: 10.1038/s41467-019-13035-2

41. McWilliams JA, Sullivan RT, Jordan KR, et al. Age-dependent tolerance to an endogenous
tumor-associated antigen. Vaccine 2008;26(15):1863-73. doi:
10.1016/j.vaccine.2008.01.052 [published Online First: 2008/03/11]

42. Reynoso GV, Weisberg AS, Shannon JP, et al. Lymph node conduits transport virions for
rapid T cell activation. Nat Immuno/ 2019;20(5):602-12. doi: 10.1038/s41590-019-
0342-0 [published Online First: 2019/03/20]

43. Sanchez-Paulete AR, Labiano S, Rodriguez-Ruiz ME, et al. Deciphering CD137 (4-1BB)
signaling in T-cell costimulation for translation into successful cancer immunotherapy.
Eur J Immunol 2016;46(3):513-22. doi: 10.1002/¢ji.201445388 [published Online First:
2016/01/17]



WO 2021/099572 48 PCT/EP2020/082888

44. Bertram EM, Lau P, Watts TH. Temporal segregation of 4-1BB versus CD28-mediated
costimulation: 4-1BB ligand influences T cell numbers late in the primary response and
regulates the size of the T cell memory response following influenza infection. J
Immunol 2002;168(8):3777-85. doi: 10.4049/jimmunol.168.8.3777 [published Online
First: 2002/04/09]

45. Willoughby JE, Kerr JP, Rogel A, et al. Differential impact of CD27 and 4-1BB
costimulation on effector and memory CD8 T cell generation following peptide
immunization. J Immunol 2014;193(1):244-51. doi: 10.4049/jimmunol.1301217
[published Online First: 2014/05/27]

46. Park SL, Buzzai A, Rautela J, et al. Tissue-resident memory CD8(+) T cells promote
melanoma-immune equilibrium in  skin. Nature 2019;565(7739):366-71. doi:
10.1038/s41586-018-0812-9 [published Online First: 2019/01/02]

47. Schenkel JM, Fraser KA, Masopust D. Cutting edge: resident memory CD8 T cells occupy
frontline niches in secondary lymphoid organs. J Immunol 2014;192(7):2961-4. doi:
10.4049/jimmunol.1400003 [published Online First: 2014/03/07]

48. Zhou AC, Wagar LE, Wortzman ME, et al. Intrinsic 4-1BB signals are indispensable for
the establishment of an influenza-specific tissue-resident memory CD8 T-cell
population in the lung. Mucosal Immunol 2017;10(5):1294-309. doi:
10.1038/mi.2016.124 [published Online First: 2017/01/05]

49. Reading JL, Galvez-Cancino F, Swanton C, et al. The function and dysfunction of memory
CD8(+) T cells in tumor immunity. /Immunol Rev 2018;283(1):194-212. doi:
10.1111/imr.12657 [published Online First: 2018/04/18]

50. Wherry EJ, Blattman JN, Murali-Krishna K, et al. Viral persistence alters CD8 T-cell
immunodominance and tissue distribution and results in distinct stages of functional
impairment. J Virol 2003;77(8):4911-27. doi: 10.1128/jvi.77.8.4911-4927.2003
[published Online First: 2003/03/29]

51. Appay V, Nixon DF, Donahoe SM, et al. HIV-specific CD8(+) T cells produce antiviral
cytokines but are impaired in cytolytic function. J Exp Med 2000;192(1):63-75. doi:
10.1084/jem.192.1.63 [published Online First: 2000/07/06]



WO 2021/099572 49 PCT/EP2020/082888

Claims

A recombinant Modified Vaccinia Virus Ankara (MVA) comprising:

(a) a first nucleic acid encoding a tumor-associated antigen (TAA), and

(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in the prevention of recurrence of a solid tumor in or after its remission in a
subject, wherein the remission is induced by local, preferably intratumoral,
administration of the recombinant MVA to the solid tumor.

A recombinant Modified Vaccinia Virus Ankara (MVA) comprising:

(a) a first nucleic acid encoding a tumor-associated antigen (TAA), and

(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in the induction of a systemic anti-tumor immune response in a subject, wherein
the recombinant MVA is locally, preferably intratumorally, administered to a solid

tumor.

A recombinant Modified Vaccinia Virus Ankara (MVA) comprising:
(a) a first nucleic acid encoding a tumor-associated antigen (TAA), and
(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL),

for use in the treatment, prevention and/or prevention of recurrence of a secondary
tumor in a subject, wherein the recombinant MVA is locally, preferably intratumorally,
administered to a related primary solid tumor, but is not administered to the secondary

tumor; or

for use in the treatment and/or prevention of recurrence of a primary solid tumor in a
subject, wherein the recombinant MVA is locally, preferably intratumorally,
administered to a related secondary solid tumor, but is not administered to the primary

solid tumor; or

for use in the treatment, prevention and/or prevention of recurrence of a secondary
tumor in a subject, wherein the recombinant MVA is locally, preferably intratumorally,
administered to another related secondary solid tumor, but is not administered to the

first mentioned secondary tumor.



10.

11.

12.

WO 2021/099572 50 PCT/EP2020/082888

The recombinant MVA for use of anyone of claims 1 to 3, wherein the recombinant
MVA comprises:

(a) a first nucleic acid encoding a tumor-associated antigen (TAA), and

(b) a second nucleic acid encoding a 4-1BB ligand (4-1BBL), and

(c) at least one further nucleic acid encoding a TAA.

The recombinant MVA for use of anyone of claims 1 to 4, wherein the TAA is a

neoantigen or an endogenous self-antigen.

The recombinant MVA for use of anyone of claims 1 to 5, wherein the TAA is selected
from the group consisting of an endogenous retroviral (ERV) protein, an endogenous
retroviral (ERV) peptide, carcinoembryonic antigen (CEA), mucin 1 cell surface
associated (MUC-1), prostatic acid phosphatase (PAP), prostate specific antigen
(PSA), human epidermal growth factor receptor 2 (HER-2), survivin, tyrosine related
protein 1 (TRP1), tyrosine related protein 1 (TRP2), Brachyury, folate receptor alpha
(FOLR1), preferentially expressed antigen of melanoma (PRAME), and the
endogenous retroviral peptide MEL; and combinations thereof.

The recombinant MVA for use of claim 6, wherein the ERV protein is from the human
endogenous retroviral K (HERV-K) family, preferably is selected from a HERV-K
envelope (HERV-K-env) protein and a HERV-K gag protein.

The recombinant MVA for use of claim 6, wherein the ERV peptide is from the human
endogenous retroviral K (HERV-K) family, preferably is selected from a pseudogene
of a HERV-K envelope protein (HERV-K-env/MEL).

The recombinant MVA for use of anyone of claims 1 to 8, wherein the solid tumor is a
malignant tumor, preferably a melanoma or a cancerous breast, colon or ovarian

tumor.

The recombinant MVA for use of anyone of claims 3 to 9, wherein the secondary tumor
is a metastasis.

The recombinant MVA for use of anyone of claims 3 to 10, wherein the tumor to which
the recombinant MVA is not locally, preferably intratumorally, administered, is not
dissectible or not accessible by surgery.

The recombinant MVA for use of anyone of claims 1 to 11, wherein the recombinant
MVA is not capable of reproductive replication in human cell lines.



13.

14.

15.

WO 2021/099572 51 PCT/EP2020/082888

The recombinant MVA for use of claim 12, wherein the recombinant MVA is derived
from MVA-BN as deposited at the European Collection of Cell Cultures (ECACC) under
number V00083008.

A method of stimulating an immune response in a subject having a plurality of tumors,
comprising a step of locally administering to fewer than all of the tumors in said subject
a recombinant MVA comprising at least one first nucleic acid encoding a TAA and a
second nucleic acid encoding 4-1-BBL, wherein an immune response to the TAA is
stimulated in the subject.

A method of treating a subject having at least one inaccessible tumor and at least one
accessible tumor, comprising locally administering to at least one accessible tumor in
the subject a recombinant MVA comprising at least one first nucleic acid encoding a
TAA and a second nucleic acid encoding 4-1-BBL, whereby the growth of the
inaccessible tumor is decreased or stopped.
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SEQUENCE LISTING
<110> Bavarian Nordic A/S

<120> Medical Uses of 4-1BBL Adjuvanted Recombinant Modified Vaccinia
Virus Ankara (MVA)

<130> BNITOO16PCT

<150> EP 20191226.8
<151> 2020-08-14

<160> 12

<170> PatentIn version 3.5

<210> 1

<211> 261

<212> PRT

<213> Homo sapiens

<400> 1

Met Ile Glu Thr Tyr Asn Gln Thr Ser Pro Arg Ser Ala Ala Thr Gly
1 5 10 15

Leu Pro Ile Ser Met Lys Ile Phe Met Tyr Leu Leu Thr Val Phe Leu
20 25 30

Ile Thr Gln Met Ile Gly Ser Ala Leu Phe Ala Val Tyr Leu His Arg
35 40 45

Arg Leu Asp Lys Ile Glu Asp Glu Arg Asn Leu His Glu Asp Phe Val
50 55 60

Phe Met Lys Thr Ile Gln Arg Cys Asn Thr Gly Glu Arg Ser Leu Ser
65 70 75 80

Leu Leu Asn Cys Glu Glu Ile Lys Ser Gln Phe Glu Gly Phe Val Lys
85 90 95

Asp Ile Met Leu Asn Lys Glu Glu Thr Lys Lys Glu Asn Ser Phe Glu
100 105 110

Met Gln Lys Gly Asp Gln Asn Pro Gln Ile Ala Ala His Val Ile Ser
115 120 125

Glu Ala Ser Ser Lys Thr Thr Ser Val Leu Gln Trp Ala Glu Lys Gly
130 135 140

Tyr Tyr Thr Met Ser Asn Asn Leu Val Thr Leu Glu Asn Gly Lys Gln
145 150 155 160

Leu Thr Val Lys Arg Gln Gly Leu Tyr Tyr Ile Tyr Ala Gln Val Thr
165 170 175

Phe Cys Ser Asn Arg Glu Ala Ser Ser Gln Ala Pro Phe Ile Ala Ser



Leu
195

Leu Cys

Ala Asn Thr

210

Leu
225

Gly Gly

Val Thr Asp

Gly Leu Leu

<210> 2
<211> 792
<212> DNA
<213> Homo

<400> 2
atgatcgaga

atgaagatct
ctgtttgccg
gaggacttcg
ctgctgaact
aacaaagagg
cagatcgccg
gccgagaagg
ctgacagtga
agagaggcca
ttcgagcgga
cagtctattc
gtgacagacc
ctgtgatgat
<210> 3

<211> 254
<212> PRT

<213> Homo

<400> 3

180

Lys

His

Val

Ser Ser Ala

Phe Glu Leu

Ser Pro Gly Arg

200

Lys
215

Gln

230

Pro
245

Lys Leu

260

sapiens

catacaacca
tcatgtacct
tgtacctgca
tgttcatgaa
gcgaggaaat
aaacgaagaa
ctcacgtgat
gctactacac
agcggcageg
gctctcaggc
ttctgctgag
acctcggegg

ctagccaggt

ag

sapiens

Ser Gln Val

Ser

gacaagccct
gctgaccgtg
cagacggctg
gaccatccag
caagagccag
agagaactcc
cagcgaggcc
catgagcaac
cctgtactac
tcctttcatc
agccgccaac
agtgtttgag

gtcccacggc

185

Phe Glu Arg

Pro Cys Gly

Pro Gly Ala
235

His Gly Thr

250

agaagcgccg
ttcctgatca
gacaagatcg
cggtgcaaca
ttcgagggct
ttcgagatgc
agcagcaaga
aacctggtca
atctacgccc
gccagcctgt
acacacagca
ctgcagcctg

accggcttta

190

Ile Leu Leu
205

Gln Gln Ser
220

Ser Val Phe

Gly Phe Thr

ccacaggact
cccagatgat
aggacgagag
ccggegagag
tcgtgaagga
agaagggcga
caacaagcgt
ccctggagaa
aagtgacctt
gcctgaagtc
gcgccaaacc
gcgcaagegt

catctttcgg

Arg Ala

Ile His

Val Asn
240

Ser Phe
255

gcctatcagc
cggcagcgcc
aaacctgcac
aagtctgagc
catcatgctg
ccagaatcct
gctgcagtgg
cggcaagcag
ctgcagcaac
tcctggcaga
ttgtggccag
gttcgtgaat

actgctgaag

Met Glu Tyr Ala Ser Asp Ala Ser Leu Asp Pro Glu Ala Pro Trp Pro

1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

720

780

792



Pro Ala Pro Arg Ala Arg Ala Cys Arg Val Leu Pro Trp Ala Leu Val
20 25 30

Ala Gly Leu Leu Leu Leu Leu Leu Leu Ala Ala Ala Cys Ala Val Phe
35 40 45

Leu Ala Cys Pro Trp Ala Val Ser Gly Ala Arg Ala Ser Pro Gly Ser
50 55 60

Ala Ala Ser Pro Arg Leu Arg Glu Gly Pro Glu Leu Ser Pro Asp Asp
65 70 75 80

Pro Ala Gly Leu Leu Asp Leu Arg Gln Gly Met Phe Ala Gln Leu Val
85 90 95

Ala Gln Asn Val Leu Leu Ile Asp Gly Pro Leu Ser Trp Tyr Ser Asp
100 105 110

Pro Gly Leu Ala Gly Val Ser Leu Thr Gly Gly Leu Ser Tyr Lys Glu
115 120 125

Asp Thr Lys Glu Leu Val Val Ala Lys Ala Gly Val Tyr Tyr Val Phe
130 135 140

Phe Gln Leu Glu Leu Arg Arg Val Val Ala Gly Glu Gly Ser Gly Ser
145 150 155 160

Val Ser Leu Ala Leu His Leu Gln Pro Leu Arg Ser Ala Ala Gly Ala
165 170 175

Ala Ala Leu Ala Leu Thr Val Asp Leu Pro Pro Ala Ser Ser Glu Ala
180 185 190

Arg Asn Ser Ala Phe Gly Phe Gln Gly Arg Leu Leu His Leu Ser Ala
195 200 205

Gly Gln Arg Leu Gly Val His Leu His Thr Glu Ala Arg Ala Arg His
210 215 220

Ala Trp Gln Leu Thr Gln Gly Ala Thr Val Leu Gly Leu Phe Arg Val
225 230 235 240

Thr Pro Glu Ile Pro Ala Gly Leu Pro Ser Pro Arg Ser Glu
245 250

<210> 4

<211> 768

<212> DNA

<213> Homo sapiens

<400> 4
atggaatacg ccagcgacgc ctctctggac cctgaagctc cttggcctcc agctcctaga 60

gccagggett gtagagtgect geccttggget cttgtggetg gacttctget tctgttgetc 120



ctggectgctg
tctcctggat
cctgctggac
ctgctgattg
actggaggcc
tactacgtgt
gtgtctctgg
ctgacagttg
ggcagactgc
agagcaagac
acacctgaga
<210> 5

<211> 666
<212> PRT

<213>

<220>
<223>

<400> 5
Met Gly Gln
1

Ser Phe Ile

Lys Asn Leu
35

Phe Pro Glu
50

Lys Glu Leu
65

Val Trp Asn

Thr Glu Glu

Ile Asp Cys
115

Ser Leu His
130

Thr

Lys

20

Ile

Gln

Lys

Asp

Asp

100

Asn

Cys

cctgegcagt
ctgccgcttc
tgctcgacct
atggccctct
tgagctacaa
tctttcaget
cactgcatct
atctgcctcc
tgcacctgtc
acgcctggca

ttccagctgg

Lys

Ile

Lys

Gly

Gln

Trp

85

Ser

Glu

Glu

Ser

Leu

Leu

Thr

Ala

70

Ala

Val

Asn

Tyr

Artificial sequence

Lys

Leu

Phe

Leu

55

Gly

Ile

Ser

Thr

Val
135

gtttcttgct
tcccagactg
gagacagggc
gagctggtac
ggaggacacc

ggaactgcgg

gcagcctctg
tgcctccagc
tgctggccag
gcttacacaa

cttgccatct

Ile

Lys

Gln

40

Asp

Arg

Ile

Val

Arg

120

Ala

tgtccatggg

agagagggac

atgtttgccc

agcgatcctg

aaagaactgg

agagtggtgg

agatctgctg

gaagccagaa

agactgggag

ggcgctacag

cctcgcagceg

Synthetic ERV-K-gag sequence

Lys

Arg

25

Ile

Leu

Lys

Lys

Ser

105

Lys

Glu

Ser

10

Gly

Ile

Lys

Gly

Ala

90

Asp

Lys

Pro

Lys

Gly

Glu

Asp

Asn

75

Ala

Ala

Ser

Val

ctgtgtcagg

ctgaactgag

agctggtggc

gacttgctgg

tggtggccaa

caggcgaagsg

ctggtgcagc

acagcgcctt

tgcacctcca

tgctgggect

agtaatga

Tyr

Val

Gln

Trp

60

Ile

Leu

Pro

Gln

Met
140

Ala

Lys

Phe

45

Lys

Ile

Glu

Gly

Lys

125

Ala

Ser

Val

30

Cys

Arg

Pro

Pro

Ser

110

Glu

Gln

agccagagca
ccctgatgat
ccagaatgtg
cgttagcctg
ggctggegtg
atctggatcc
tgccctgget
tggcttccaa
cacagaagca

gttcagagtg

Tyr

15

Ser

Pro

Ile

Leu

Phe

95

Cys

Thr

Ser

Leu

Thr

Trp

Gly

Thr

80

Gln

Ile

Glu

Thr

180

240

300

360

420

480

540

600

660

720

768



Gln

145

Leu

Lys

Leu

Ala

Glu

225

Ala

Pro

Lys

Met

Ala

305

Gly

Asp

Leu

Trp

Asn

385

Asn

Asn

Lys

Pro

Gln

Tyr

210

Ser

Pro

Ser

Glu

Pro

290

Arg

Val

Ser

Ala

Trp

370

Pro

Trp

Val

Leu

Arg

Pro

195

Gln

Gln

Tyr

Arg

Gly

275

Pro

Tyr

Lys

Ile

Lys

355

Ile

Pro

Ser

Asp

Glu

Gly

180

Gln

Tyr

Tyr

Pro

Gln

260

Asp

Gly

Lys

Gln

Ala

340

Ser

Asp

Val

Thr

Tyr

Gly

165

Thr

Lys

Trp

Gly

Gln

245

Gly

Thr

Glu

Ser

Tyr

325

His

Ser

Gly

Asn

Ile
405

Asn

150

Lys

Ser

Gln

Pro

Tyr

230

Pro

Ser

Glu

Gly

Phe

310

Gly

Gly

Leu

Val

Ile

390

Ser

Gln

Gly

Pro

Val

Pro

215

Pro

Pro

Glu

Ala

Ala

295

Ser

Pro

His

Ser

Gln

375

Asp

Gln

Leu

Pro

Leu

Lys

200

Ala

Gly

Thr

Leu

Trp

280

Gln

Ile

Asn

Arg

Pro

360

Glu

Ala

Gln

Gln

Glu

Pro

185

Glu

Glu

Met

Arg

His

265

Gln

Glu

Lys

Ser

Leu

345

Ser

Gln

Asp

Ala

Glu

Leu

170

Ala

Asn

Leu

Pro

Arg

250

Glu

Phe

Gly

Met

Pro

330

Ile

Gln

Val

Gln

Leu
410

Val

155

Val

Gly

Lys

Gln

Pro

235

Leu

Ile

Pro

Glu

Leu

315

Tyr

Pro

Phe

Arg

Leu

395

Met

Ile

Gly

Gln

Thr

Tyr

220

Ala

Asn

Ile

Val

Pro

300

Lys

Met

Tyr

Leu

Arg

380

Leu

Gln

Tyr

Pro

Val

Gln

205

Arg

Pro

Pro

Asp

Thr

285

Pro

Asp

Arg

Asp

Gln

365

Asn

Gly

Asn

Pro

Ser

Pro

190

Pro

Pro

Gln

Thr

Lys

270

Leu

Thr

Met

Thr

Trp

350

Phe

Arg

Ile

Glu

Glu

Glu

175

Val

Pro

Pro

Gly

Ala

255

Ser

Glu

Val

Lys

Leu

335

Glu

Lys

Ala

Gly

Ala
415

Thr

160

Ser

Thr

Val

Pro

Arg

240

Pro

Arg

Pro

Glu

Glu

320

Leu

Ile

Thr

Ala

Gln

400

Ile



Glu

Pro

Glu

Ser

465

Tyr

Gly

Cys

Ala

Lys

545

Val

Glu

Ser

Asn

Pro

625

Leu

Cys

Gln

Gly

Pro

450

Ile

Glu

Lys

Asp

Ile

530

Cys

Leu

Pro

Gln

Glu

610

Ile

Ser

Pro

<210>
<211>
<212>
<213>

Val Arg
420

Ser Thr
435

Tyr Pro

Ala Asp

Asn Ala

Val Pro
500

Gly Ile
515

Thr Gly

Tyr Asn

Asn Lys

Pro Asp
580

Cys Arg
595

Gln Arg

Gln Pro

Gln Val

Pro Pro
660

6
2004
DNA

Ala

Cys

Asp

Glu

Asn

485

Ala

Gly

Val

Cys

Gln

565

Leu

Ser

Gly

Phe

Phe

645

Gln

Ile

Pro

Phe

Lys

470

Pro

Gly

Gly

Val

Gly

550

Asn

Cys

Lys

Gln

Val

630

Gln

Ala

Cys

Ser

Val

455

Ala

Glu

Ser

Ala

Leu

535

Gln

Ile

Pro

Phe

Pro

615

Pro

Gly

Ala

Artificial sequence

Leu

Phe

440

Ala

Arg

Cys

Asp

Met

520

Gly

Ile

Thr

Arg

Asp

600

Gln

Gln

Ile

Val

Arg

425

Asn

Arg

Lys

Gln

Val

505

His

Gly

Gly

Ile

Cys

585

Lys

Ala

Gly

Ser

Gln
665

Ala

Thr

Leu

Val

Ser

490

Ile

Lys

Gln

His

Gln

570

Lys

Asn

Pro

Phe

Gln

650

Gln

Trp

Val

Gln

Ile

475

Ala

Ser

Ala

Val

Leu

555

Ala

Lys

Gly

Gln

Gln

635

Leu

Glu

Arg

Asp

460

Val

Ile

Glu

Met

Arg

540

Lys

Thr

Gly

Gln

Gln

620

Gly

Pro

Lys

Gln

445

Val

Glu

Lys

Tyr

Leu

525

Thr

Lys

Thr

Lys

Pro

605

Thr

Gln

Gln

Ile

430

Gly

Ala

Leu

Pro

Val

510

Met

Phe

Asn

Thr

His

590

Leu

Gly

Gln

Tyr

Gln

Ser

Gln

Met

Leu

495

Lys

Ala

Gly

Cys

Gly

575

Trp

Ser

Ala

Pro

Asn
655

Asp

Lys

Lys

Ala

480

Lys

Ala

Gln

Gly

Pro

560

Arg

Ala

Gly

Phe

Pro

640

Asn



<220>
<223>

<400> 6
atgggacaga

atcctgctga
atcatcgagc
aagcggatcg
gtgtggaacg
agcgtgtccg
aagaagtccc
gctcagagca
ctgaagctgg
acatctcctc
gagaacaaga
agacctcctc
gctccttatc
ggctctgagc
cagtttcccg
cctacagtgg
ggcgtcaagce
cacggccacc
agccagttcc
aacagagctg
aattggagca
gccatctgcec
aataccgttc
gtggcccaga
tacgagaacg
gccggatccg
cacaaagcca
acctttggag
gtgctgaaca
ctgtgcccta
aagaacggcc
actggcgcat

ctgtctcagg

ccaagagtaa
agagaggagg
agttctgtcc
gcaaagagct
actgggccat
tgtctgatgc
agaaagagac
cccagaacgt
aaggcaaggg
tgcctgcagg
cccagcctcc
cagagagcca
ctcagcctcc
tgcacgagat
ttacactgga
aagccaggta
agtacggacc
ggctgatccc
tgcagttcaa
ccaatcctcc
ccatctctca
tgagagcttg
ggcagggcag
agtctattgc
ctaatccaga
atgtgatcag
tgctgatggc
gcaagtgcta
agcagaacat
gatgcaagaa
agcctctgag
ttccaatcca

tgttccaggg

gatcaagtct
cgtgaaagtg
ctggtttcct
gaagcaggct
catcaaagca
tcctggcagc
agagagcctg
ggactacaac
acctgaactc
acaggtgcca
tgtggcctac
gtacggctac
taccagacgg
cattgacaag
acccatgcct
caagagcttc
taacagccca
ttacgattgg
gacctggtgg
tgtgaacatc
gcaggctctg
ggagaagatt
caaagagccc
cgacgagaag
gtgccagagc
cgagtatgtg
acaggccatc
caactgtggc
caccatccag
gggcaagcac
cggcaacgaa
gcccttegtg

cattagccag

Synthetic ERV-K-gag sequence

aagtacgcca
tccaccaaga
gagcagggca
ggcagaaagg
gctctggaac
tgcatcatcg
cactgcgagt
cagctccaag
gtgggtcctt
gtgacactgc
cagtattggc
cctggaatgc
ctgaacccta
agccggaaag
ccaggcgaag
agcatcaaga
tacatgcgga
gagatcctgg
atcgacggcg
gacgccgacc
atgcagaacg
caggacccag
tatcctgact
gctcggaaag
gccatcaagc
aaggcctgceg
actggcgttg
cagatcggac
gccaccacca
tgggccagcc
caaagaggac
cctcaaggct

ctccctcagt

gctacctcag
acctgatcaa
ccctggatct
gcaacatcat
ccttccagac
actgcaacga
acgtggccga
aagtgatcta
ctgagtctaa
agcctcagaa
ctccagccga
ctcctgctcc
cagctcctcc
agggcgacac
gcgctcaaga
tgctgaagga
ccctgectgga
ctaagtcctc
tgcaagaaca
agctcctcgg
aggccattga
gcagcacatg
ttgtggctag
tgatcgtgga
ccttgaaggg
acggaatcgg
tgctcggagg
acctgaagaa
ccggcagaga
agtgcagaag
agcctcaggc
tccagggaca

acaacaactg

cttcatcaag
gctgttccag
gaaggactgg
ccctctgacc
cgaagaggat
gaacacccgg
acctgtgatg
tcccgaaaca
gcccagaggce
acaagtgaaa
gctgcagtac
tcaaggcaga
tagcagacag
cgaggcttgg
aggcgaacct
catgaaggaa
ttctattgcc
tctgagccct
agtgagacgg
aatcggccag
acaagtcaga
tcccagcttc
actgcaggat
actgatggcc
caaagtgcct
aggtgccatg
acaagttcgg
gaactgccct
acctccagat
caagttcgac
tcctcagcag
acagcctcca

ccctccacct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980



caggctgctg tgcagcagtg atga 2004

<210> 7

<211> 699

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic ERV-K-env/MEL sequence

<400> 7
Met Asn Pro Ser Glu Met Gln Arg Lys Ala Pro Pro Arg Arg Arg Arg

1 5 10 15

His Arg Asn Arg Ala Pro Leu Thr His Lys Met Asn Lys Met Val Thr
20 25 30

Ser Glu Glu Gln Met Lys Leu Pro Ser Thr Lys Lys Ala Glu Pro Pro
35 40 45

Thr Trp Ala Gln Leu Lys Lys Leu Thr Gln Leu Ala Thr Lys Tyr Leu
50 55 60

Glu Asn Thr Lys Val Thr Gln Thr Pro Glu Ser Met Leu Leu Ala Ala
65 70 75 80

Leu Met Ile Val Ser Met Val Val Ser Leu Pro Met Pro Ala Gly Ala
85 90 95

Ala Ala Ala Asn Tyr Thr Tyr Trp Ala Tyr Val Pro Phe Pro Pro Met
100 105 110

Ile Arg Ala Val Thr Trp Met Asp Asn Pro Ile Glu Val Tyr Val Asn
115 120 125

Asp Ser Val Trp Val Pro Gly Pro Ile Asp Asp Arg Cys Pro Ala Lys
130 135 140

Pro Glu Glu Glu Gly Met Met Ile Asn Ile Ser Ile Gly Tyr Arg Tyr
145 150 155 160

Pro Pro Ile Cys Leu Gly Arg Ala Pro Gly Cys Leu Met Pro Ala Val
165 170 175

Gln Asn Trp Leu Val Glu Val Pro Thr Val Ser Pro Ile Ser Arg Phe
180 185 190

Thr Tyr His Met Val Ser Gly Met Ser Leu Arg Pro Arg Val Asn Tyr
195 200 205

Leu Gln Asp Phe Ser Tyr Gln Arg Ser Leu Lys Phe Arg Pro Lys Gly
210 215 220



Lys

225

Leu

Asn

His

Pro

Lys

305

Ser

Pro

Ser

Val

Pro

385

Gln

Thr

Val

Val

Arg

465

Thr

Pro

Val

Glu

Asn

Ala

290

Lys

Thr

Glu

Gly

Asp

370

Pro

Thr

Phe

Trp

His

450

Phe

Ala

Cys

Trp

Phe

Cys

275

Val

Leu

Pro

Leu

Asn

355

Leu

Tyr

Ile

Asn

Ile

435

Ile

Ile

Thr

Pro

Glu

Gly

260

Ser

Asp

Gln

Arg

Trp

340

Gln

Asn

Met

Thr

Trp

420

Pro

Leu

Phe

Ala

Lys

Glu

245

Thr

Gly

Ser

Ser

Pro

325

Arg

Thr

Ser

Leu

Cys

405

Gln

Val

Thr

Thr

Ala
485

Glu

230

Cys

Ile

Gln

Asp

Phe

310

Lys

Leu

Leu

Ser

Val

390

Glu

His

Ser

Glu

Leu

470

Val

Ile

Val

Ile

Thr

Leu

295

Tyr

Ile

Thr

Glu

Leu

375

Val

Asn

Arg

Met

Val

455

Ile

Ala

Pro

Ala

Asp

Gln

280

Thr

Pro

Ile

Val

Thr

360

Thr

Gly

Cys

Ile

Asp

440

Leu

Ala

Gly

Lys

Asn

Trp

265

Ser

Glu

Trp

Ser

Ala

345

Arg

Val

Asn

Arg

Leu

425

Arg

Lys

Val

Val

Glu

Ser

250

Ala

Cys

Ser

Glu

Pro

330

Ser

Asp

Pro

Ile

Leu

410

Leu

Pro

Gly

Ile

Ala
490

Ser

235

Ala

Pro

Pro

Leu

Trp

315

Val

His

Arg

Leu

Val

395

Leu

Val

Trp

Val

Met

475

Leu

Lys

Val

Arg

Ser

Asp

300

Gly

Ser

His

Lys

Gln

380

Ile

Thr

Arg

Glu

Leu

460

Gly

His

Asn

Ile

Gly

Ala

285

Lys

Glu

Gly

Ile

Pro

365

Ser

Lys

Cys

Ala

Ala

445

Asn

Leu

Ser

Thr

Leu

Gln

270

Gln

His

Lys

Pro

Arg

350

Phe

Cys

Pro

Ile

Arg

430

Ser

Arg

Ile

Ser

Glu

Gln

255

Phe

Val

Lys

Gly

Glu

335

Ile

Tyr

Val

Asp

Asp

415

Glu

Pro

Ser

Ala

Val
495

Val

240

Asn

Tyr

Ser

His

Ile

320

His

Trp

Thr

Lys

Ser

400

Ser

Gly

Ser

Lys

Val

480

Gln



Ser

Asn

Ala

His

545

Thr

Arg

Leu

Pro

Asn

625

Leu

Cys

Met

Ser

Val

Ser

Val

530

Arg

Pro

His

Lys

Gly

610

Pro

Ile

Thr

Thr

Lys
690

<210>
<211>
<212>
<213>

<220>
<223>

<400>
atgaacccta gcgagatgca gagaaaggct ccacctagac

Asn

Gln

515

Gln

Phe

Gln

Leu

Glu

595

Thr

Val

Leu

Gln

Met

675

Arg

8
2103
DNA

Phe

500

Ser

Thr

Gln

Ile

Gln

580

Gln

Glu

Thr

Ile

Gln

660

Ala

Asp

Val

Ser

Val

Leu

Tyr

565

Gly

Ile

Ala

Trp

Leu

645

Leu

Val

Gln

Asn

Ile

Ile

Gln

550

Asn

Arg

Phe

Ile

Val

630

Val

Arg

Leu

Ile

Asp

Asp

Trp

535

Cys

Glu

Glu

Glu

Ala

615

Lys

Cys

Arg

Ser

Val
695

Artificial sequence

Trp

Gln

520

Met

Asp

Ser

Asp

Ala

600

Gly

Thr

Leu

Asp

Lys

680

Thr

Gln

505

Lys

Gly

Trp

Glu

Asn

585

Ser

Val

Ile

Phe

Ser

665

Arg

Val

Lys

Met

Asp

Asn

His

570

Leu

Lys

Ala

Gly

Cys

650

Asp

Lys

Ser

Synthetic ERV-K-env/MEL sequence

8

Asn

Leu

Arg

Thr

555

His

Thr

Ala

Asp

Ser

635

Leu

His

Gly

Val

gctcctctga cacacaagat gaacaagatg gtcaccagcg

agcaccaaga aggccgagcc tccaacatgg gctcagctga

accaagtacc tggagaacac caaagtgacc cagacacctg

Ser Thr Arg Leu Trp
510

Ala Vval Ile Ser Cys
525

Leu Met Ser Leu Glu
540

Ser Asp Phe Cys Ile
560

Trp Asp Met Val Arg
575

Leu Asp Ile Ser Lys
590

His Leu Asn Leu Val
605

Gly Leu Ala Asn Leu
620

Thr Thr Ile Ile Asn
640

Leu Leu Val Cys Arg
655

Arg Glu Arg Ala Met
670

Gly Asn Val Gly Lys
685

ggagaagaca cagaaacagg
aggaacagat gaaactgccc
agaaactgac ccagctggcc

agagcatgct gctggcagcet

60

120

180

240



ctgatgatcg
tacacatact
aaccctattg
tgtcctgcca
cctccaatct
gtggaagtgc
agcctcagac
agacccaagg
ctcgtgtggg
accatcattg
agctgtccta
aagcacaaac
tctacaccaa
agactgacag
cgggacagaa
agctgtgtga
cagaccatca
cagcaccgga
aggccttggg
aacagatcca
acagccacag
gtgaacgatt
aagatgctgg
atgagcctgg
acacctcaga
ggcagagagg
agcaaggctc
ctggccaatc
ctgatcctga
ctgagaagag
agaaagggag
taa

<210> 9
<211> 741

<212> PRT
<213>

tgtccatggt
gggcctacgt
aggtgtacgt
aacctgagga
gcctgggeag
ctaccgtgtc
ctagagtgaa
gaaagccctg
aagagtgcgt
actgggctcc
gcgcacaagt
acaagaaact
ggcctaagat
tggccagcca
agcccttcta
agcctcctta
catgcgagaa
tcctgctcegt
aagccagccc
agcggttcat
ctgctgttgc
ggcagaagaa
ccgtgatctc
aacaccggtt
tctacaacga
acaacctgac
acctgaatct
tgaatcctgt
tcctecgtgtg
acagcgacca

gcaacgtggg

ggtgtccctg
gccctttect
gaacgacagc
agagggcatg
agcacctggc
tcccatcagc
ctacttgcag
tcctaaagag
ggccaattct
tagaggccag
gtcaccagcc
tcagagcttc
cattagccct
ccacatcaga
caccgtcgat
catgctggtc
ctgcagactg
gcgagctaga
tagcgtgcac
cttcaccctg
tggecgtggcc
cagcacacgg
ctgtgccgtg
ccagctgcag
gagcgagcac
actggacatc
ggtgcctgga
gacctgggtc
cctgttttgce
tagagaaaga

caagagcaag

Artificial sequence

cctatgcctg
cctatgatca
gtgtgggtgc
atgatcaaca
tgtcttatgc
cggttcacct
gacttcagct
attcccaaag
gccgtgatcc
ttctaccaca
gtggatagcg
tatccctggg
gtgtctggac
atctggagcg
ctgaacagca
gtgggcaaca
ctgacctgca
gaaggcgtgt
attctgacag
atcgccgtca
ctgcatagct
ctgtggaaca
cagacagtta
tgcgactgga
cactgggata
agcaagctga
accgaagcta
aagaccatcg
ctgectgcettg
gccatgatga

cgggatcaga

ctggtgctgce
gagccgtgac
caggacctat
tcagcatcgg
cagctgtgca
accacatggt
atcagcggag
agtccaagaa
tgcagaacaa
attgcagcgg
atctgaccga
agtggggaga
cagaacatcc
gcaatcagac
gcctgaccgt
ttgtgatcaa
tcgacagcac
ggatccctgt
aggtgctgaa
tcatgggect
ctgtgcagag
gccagagcag
tctggatggsg
ataccagcga
tggtccgaag
aagagcagat
ttgctggagt
gcagcaccac
tgtgcagatg
ccatggccgt

tcgtgaccgt

cgctgccaac
ctggatggac
cgacgataga
ctaccggtat
gaattggctg
gtccggcatg
cctgaagttc
caccgaggtg
cgagttcggc
acagacacag
gagcctggac
gaagggcatc
cgaactttgg
cctggaaaca
gcctctccag
gcccgactcec
cttcaactgg
ctctatggac
gggegtgctc
gattgctgtg
cgtgaacttc
catcgaccag
cgacagactg
cttctgcatc
gcatctgcag
cttcgaggcc
tgcagatggc
aatcatcaac
cacccagcag
cctgagcaag

gtccgtttga

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2103



<220>
<223>

<400>

Synthetic hFOLR1-hPRAME fusion sequence

9

Met Ala Gln

1

Ala

Leu

Pro

Cys

Leu

Lys

Leu

Val

Asp

145

Asn

Pro

Trp

Cys

Val

225

Ser

Val

Leu

Glu

50

Cys

Tyr

Arg

Gly

Leu

130

Cys

Trp

Phe

Thr

Ile

210

Ala

Ile

Val

Asn

35

Asp

Ser

Arg

His

Pro

115

Asn

Arg

Thr

His

His

195

Gln

Arg

Gln

Arg

Gly

20

Val

Lys

Thr

Phe

Phe

100

Trp

Val

Thr

Ser

Phe

180

Ser

Met

Phe

Ser

Met

Glu

Cys

Leu

Asn

Asn

85

Ile

Ile

Pro

Ser

Gly

165

Tyr

Tyr

Trp

Tyr

Arg
245

Thr

Ala

Met

His

Thr

70

Trp

Gln

Gln

Leu

Tyr

150

Phe

Phe

Lys

Phe

Ala

230

Tyr

Thr

Gln

Asn

Glu

55

Ser

Asn

Asp

Gln

Cys

135

Thr

Asn

Pro

Val

Asp

215

Ala

Ile

Gln

Thr

Ala

40

Gln

Gln

His

Thr

Val

120

Lys

Cys

Lys

Thr

Ser

200

Pro

Ala

Ser

Leu

Arg

25

Lys

Cys

Glu

Cys

Cys

105

Asp

Glu

Lys

Cys

Pro

185

Asn

Ala

Met

Met

Leu

10

Ile

His

Arg

Ala

Gly

90

Leu

Gln

Asp

Ser

Ala

170

Thr

Tyr

Gln

Glu

Ser
250

Leu

Ala

His

Pro

His

75

Glu

Tyr

Ser

Cys

Asn

155

Val

Val

Ser

Gly

Arg

235

Val

Leu

Trp

Lys

Trp

60

Lys

Met

Glu

Trp

Glu

140

Trp

Gly

Leu

Arg

Asn

220

Arg

Trp

Leu

Ala

Glu

45

Arg

Asp

Ala

Cys

Arg

125

Gln

His

Ala

Cys

Gly

205

Pro

Arg

Thr

Val

Arg

30

Lys

Lys

Val

Pro

Ser

110

Lys

Trp

Lys

Ala

Asn

190

Ser

Asn

Leu

Ser

Trp

15

Thr

Pro

Asn

Ser

Ala

95

Pro

Glu

Trp

Gly

Cys

175

Glu

Gly

Glu

Trp

Pro
255

Val

Glu

Gly

Ala

Tyr

80

Cys

Asn

Arg

Glu

Trp

160

Gln

Ile

Arg

Glu

Gly

240

Arg



Arg

Ala

Phe

Val

305

Gly

Asp

Val

Ser

Gln

385

Glu

Glu

Ala

Ala

Asp

465

Leu

Leu

Glu

Leu

Ile

Met

290

Gln

Gln

Val

Leu

Gly

370

Pro

Gln

Gly

Lys

Met

450

Ser

Ala

Leu

Glu

Val

Ala

275

Ala

Ala

His

Leu

Asp

355

Asn

Met

Pro

Ala

Lys

435

Pro

Ile

Lys

Leu

Gln
515

Glu

260

Ala

Ala

Trp

Leu

Leu

340

Leu

Arg

Thr

Phe

Cys

420

Asn

Met

Glu

Phe

Ser

500

Tyr

Leu

Leu

Phe

Pro

His

325

Ala

Arg

Ala

Thr

Ile

405

Asp

Val

Gln

Asp

Ser

485

His

Ile

Ala

Glu

Asp

Phe

310

Leu

Gln

Lys

Ser

Lys

390

Pro

Glu

Leu

Asp

Leu

470

Pro

Ile

Ala

Gly

Leu

Gly

295

Thr

Glu

Glu

Asn

Leu

375

Ala

Val

Leu

Arg

Ile

455

Glu

Tyr

His

Gln

Gln

Leu

280

Arg

Cys

Thr

Val

Ser

360

Tyr

Lys

Glu

Phe

Leu

440

Lys

Val

Leu

Ala

Phe
520

Ser

265

Pro

His

Leu

Phe

Arg

345

His

Ser

Val

Val

Ser

425

Cys

Met

Thr

Gly

Ser

505

Thr

Leu

Arg

Ser

Pro

Lys

330

Pro

Gln

Phe

Asp

Leu

410

Tyr

Cys

Ile

Cys

Gln

490

Ser

Ser

Leu

Glu

Gln

Leu

315

Ala

Arg

Asp

Pro

Gly

395

Val

Leu

Lys

Leu

Thr

475

Met

Tyr

Gln

Lys

Leu

Thr

300

Gly

Val

Arg

Phe

Glu

380

Leu

Asp

Ile

Lys

Lys

460

Trp

Ile

Ile

Phe

Asp

Phe

285

Leu

Val

Leu

Trp

Trp

365

Pro

Ser

Leu

Glu

Leu

445

Met

Lys

Asn

Ser

Leu
525

Glu

270

Pro

Lys

Leu

Asp

Lys

350

Thr

Glu

Thr

Phe

Lys

430

Lys

Val

Leu

Leu

Pro

510

Ser

Ala

Pro

Ala

Met

Gly

335

Leu

Val

Ala

Glu

Leu

415

Val

Ile

Gln

Pro

Arg

495

Glu

Leu

Leu

Leu

Met

Lys

320

Leu

Gln

Trp

Ala

Ala

400

Lys

Ala

Phe

Leu

Thr

480

Arg

Lys

Gln



Cys Leu Gln Ala Leu Tyr Val Asp Ser Leu Phe Phe Leu Arg Gly Arg
530 535 540

Leu Asp Gln Leu Leu Arg His Val Met Asn Pro Leu Glu Thr Leu Ser
545 550 555 560

Ile Thr Asn Cys Arg Leu Ser Glu Gly Asp Val Met His Leu Ser Gln
565 570 575

Ser Pro Ser Val Ser Gln Leu Ser Val Leu Ser Leu Ser Gly Val Met
580 585 590

Leu Thr Asp Val Ser Pro Glu Pro Leu Gln Ala Leu Leu Glu Arg Ala
595 600 605

Ser Ala Thr Leu Gln Asp Leu Val Phe Asp Glu Cys Gly Ile Thr Asp
610 615 620

Asp Gln Leu Leu Ala Leu Leu Pro Ser Leu Ser His Cys Ser Gln Leu
625 630 635 640

Thr Thr Leu Ser Phe Tyr Gly Asn Ser Ile Ser Ile Ser Ala Leu Gln
645 650 655

Ser Leu Leu Gln His Leu Ile Gly Leu Ser Asn Leu Thr His Val Leu
660 665 670

Tyr Pro Val Pro Leu Glu Ser Tyr Glu Asp Ile His Gly Thr Leu His
675 680 685

Leu Glu Arg Leu Ala Tyr Leu His Ala Arg Leu Arg Glu Leu Leu Cys
690 695 700

Glu Leu Gly Arg Pro Ser Met Val Trp Leu Ser Ala Asn Pro Cys Pro
705 710 715 720

His Cys Gly Asp Arg Thr Phe Tyr Asp Pro Glu Pro Ile Leu Cys Pro
725 730 735

Cys Phe Met Pro Asn
740

<210> 10

<211> 2228

<212> DNA

<213> Artificial sequence

<220>
<223> Synthetic hFOLR1-hPRAME fusion nucleotide sequence

<400> 10
tggcccagag aatgaccaca caactgctgc tgctcctggt gtgggttgec gttgttggag 60

aggcccagac cagaattgcc tgggccagaa ccgagctget gaacgtgtge atgaacgcca 120



agcatcacaa
gaaagaatgc
tgtaccggtt
tccaggatac
accagagctg
agtggtggga
actggaccag
acttcccaac
actacagcag
ccaatgagga
gcatccagag
tggctggaca
ctagagagct
tgaaagccat
gccagcatct
ctcaagaggt
accaggattt
ctgaggctgc
agcagccttt
atgagctgtt
gctgcaagaa
tggtgcagct
tggccaagtt
acatccacgc
caagccagtt
tgagaggcag
tcaccaactg
ctcagctgag
tgcaggcact
gcatcaccga
caaccctgtc
atctgatcgg
aggacatcca
aactgctgtg

actgtggcga

agagaagcct
ttgctgtagc
caactggaac
ctgcctgtac
gcggaaagaa
agattgccgg
cggcttcaac
acctaccgtg
aggcageggc
agtggctaga
ccggtacatt
gagcctgctc
gttccctect
ggtgcaggcc
gcacctggaa
gaggcctcgg
ctggaccgtt
ccagcccatg
cattcccgtc
cagctacctg
gctgaagatc
ggacagcatc
cagcccttac
cagctcctac
tctgagcctg
gctggatcag
tagactgagc
cgtgctgtct
gctggaaaga
tgaccagctg
cttctacggc
cctgtccaat
cggaaccctg

cgaactgggc

ccggaccttc

ggacctgaag
accaacacca
cactgcggag
gagtgctctc
cgggtgctga
accagctaca
aagtgtgccg
ctgtgcaacg
aggtgtatcc
ttctacgctg
agcatgagcg
aaggatgagg
ctgttcatgg
tggcctttca
accttcaagg
cgttggaaac
tggtccggca
accacaaagg
gaagtgctgg
attgagaagg
tttgccatgc
gaggacctgg

ctgggacaga

atcagccctg
cagtgtctgc
ctgectgceggc
gagggcgacg
ctgtctggceg
gcctccgceta
cttgctctgc
aacagcatct
ctgacccacg
cacctcgaga
agacccagca

tacgaccctg

acaagctgca
gccaagaggc
aaatggctcc
ccaatctcgg
atgtgccctt
catgtaagag
tgggagctgc
aaatctggac
agatgtggtt
ctgccatgga
tgtggacaag
ccctggccat
ctgccttcga
cctgtctgcec
ccgtgectgga
tgcaggttct
acagagccag
ccaaagtgga
tggacctgtt
tggcagccaa
ctatgcagga
aagtgacctg
tgattaacct
agaaagagga
aggccctgta
acgtgatgaa
tgatgcacct
tgatgctgac
ctctgcagga
tgccaagect
ccatctctgc
tgctgtaccc
gactggccta
tggtttggct

agcctatcct

tgaacagtgt
ccacaaggac
tgcctgcaag
accttggatc
gtgcaaagag
caactggcac
ctgccagcect
ccacagctac
cgatcccgct
aagaagaagg
ccctagacgg
tgctgctctg
cggcagacac
tctgggagtg
cggcctggat
ggatctgegg
cctgtacagc
tggcctgagc
cctgaaagaa
gaagaacgtg
tatcaagatg
tacctggaag
gcggaggctg
acagtatatc
cgtggacagc
ccctctggaa
gtctcagagc
cgatgtgagc
cctggtgttc
gagccactgt
cctgcagtct
tgtgccactg
tctgcatgct
gagcgccaat

gtgtccttgc

cggeccttgga
gtgtcctacc
agacacttca
cagcaagtgg
gattgcgagc
aaaggctgga
ttccacttct
aaggtgtcca
cagggcaatc
ctctggggca
ctggttgaac
gagctgctgc
agccagacac
ctgatgaagg
gttctcctgg
aagaactctc
tttcctgaac
acagaggccg
ggagcctgeg
ctgcggetgt
atcctgaaga
ctgcccacac
ctgctgtctc
gcccagttca
ctgttctttc
accctgagca
ccatctgtgt
cctgaacctc
gatgagtgcg
agccagctga
ctcctgcagc
gaaagctacg
cggctgagag
ccatgtcctc

ttcatgccca

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220



actaatag 2228

<210> 11

<211> 517

<212> PRT

<213> Artificial sequence

<220>
<223> Synthetic ERV-K-env/MEL_@3 sequence

<400> 11
Met Asn Pro Ser Glu Met Gln Arg Lys Ala Pro Pro Arg Arg Arg Arg

1 5 10 15

His Arg Asn Arg Ala Pro Leu Thr His Lys Met Asn Lys Met Val Thr
20 25 30

Ser Glu Glu Gln Met Lys Leu Pro Ser Thr Lys Lys Ala Glu Pro Pro
35 40 45

Thr Trp Ala Gln Leu Lys Lys Leu Thr Gln Leu Ala Thr Lys Tyr Leu
50 55 60

Glu Asn Thr Lys Val Thr Gln Thr Pro Glu Ser Met Leu Leu Ala Ala
65 70 75 80

Leu Met Ile Val Ser Met Val Val Ser Leu Pro Met Pro Ala Gly Ala
85 90 95

Ala Ala Ala Asn Tyr Thr Tyr Trp Ala Tyr Val Pro Phe Pro Pro Met
100 105 110

Ile Arg Ala Val Thr Trp Met Asp Asn Pro Ile Glu Val Tyr Val Asn
115 120 125

Asp Ser Val Trp Val Pro Gly Pro Ile Asp Asp Arg Cys Pro Ala Lys
130 135 140

Pro Glu Glu Glu Gly Met Met Ile Asn Ile Ser Ile Gly Tyr Arg Tyr
145 150 155 160

Pro Pro Ile Cys Leu Gly Arg Ala Pro Gly Cys Leu Met Pro Ala Val
165 170 175

Gln Asn Trp Leu Val Glu Val Pro Thr Val Ser Pro Ile Ser Arg Phe
180 185 190

Thr Tyr His Met Val Ser Gly Met Ser Leu Arg Pro Arg Val Asn Tyr
195 200 205

Leu Gln Asp Phe Ser Tyr Gln Arg Ser Leu Lys Phe Arg Pro Lys Gly
210 215 220



Lys

225

Leu

Asn

His

Pro

Lys

305

Ser

Pro

Ser

Val

Pro

385

Gln

Thr

Val

Val

Val

465

Ser

Pro

Val

Glu

Asn

Ala

290

Lys

Thr

Glu

Gly

Asp

370

Pro

Thr

Phe

Trp

His

450

Ile

Ala

Cys

Trp

Phe

Cys

275

Val

Leu

Pro

Leu

Asn

355

Leu

Tyr

Ile

Asn

Ile

435

Ile

Ser

Ala

Pro

Glu

Gly

260

Ser

Asp

Gln

Arg

Trp

340

Gln

Asn

Met

Thr

Trp

420

Pro

Leu

Cys

Gly

Lys

Glu

245

Thr

Gly

Ser

Ser

Pro

325

Arg

Thr

Ser

Leu

Cys

405

Gln

Val

Thr

Ala

Ser
485

Glu

230

Cys

Ile

Gln

Asp

Phe

310

Lys

Leu

Leu

Ser

Val

390

Glu

His

Ser

Glu

Val

470

Gly

Ile

Val

Ile

Thr

Leu

295

Tyr

Ile

Thr

Glu

Leu

375

Val

Asn

Arg

Met

Val

455

Ala

Glu

Pro

Ala

Asp

Gln

280

Thr

Pro

Ile

Val

Thr

360

Thr

Gly

Cys

Ile

Asp

440

Leu

Gly

Phe

Lys

Asn

Trp

265

Ser

Glu

Trp

Ser

Ala

345

Arg

Val

Asn

Arg

Leu

425

Arg

Lys

Val

Val

Glu

Ser

250

Ala

Cys

Ser

Glu

Pro

330

Ser

Asp

Pro

Ile

Leu

410

Leu

Pro

Gly

Ala

Val
490

Ser

235

Ala

Pro

Pro

Leu

Trp

315

Val

His

Arg

Leu

Val

395

Leu

Val

Trp

Val

Leu

475

Ile

Lys

Val

Arg

Ser

Asp

300

Gly

Ser

His

Lys

Gln

380

Ile

Thr

Arg

Glu

Leu

460

His

Ser

Asn

Ile

Gly

Ala

285

Lys

Glu

Gly

Ile

Pro

365

Ser

Lys

Cys

Ala

Ala

445

Asn

Gly

Ala

Thr

Leu

Gln

270

Gln

His

Lys

Pro

Arg

350

Phe

Cys

Pro

Ile

Arg

430

Ser

Met

Ser

Ile

Glu

Gln

255

Phe

Val

Lys

Gly

Glu

335

Ile

Tyr

Val

Asp

Asp

415

Glu

Pro

Leu

Ala

Leu
495

Val

240

Asn

Tyr

Ser

His

Ile

320

His

Trp

Thr

Lys

Ser

400

Ser

Gly

Ser

Ala

Gly

480

Ala



Leu Val Val Leu Thr Ile Ile Ser Leu Ile Ile Leu Ile Met Leu Trp

500

Gln Lys Lys Pro Arg

515

<210>
<211>
<212>
<213>

12

DNA
<220>
<223>

<400> 12
atgaacccta

gctcctctga
agcaccaaga
accaagtacc
ctgatgatcg
tacacatact
aaccctattg
tgtcctgcca
cctccaatct
gtggaagtgc
agcctcagac
agacccaagg
ctcgtgtggg
accatcattg
agctgtccta
aagcacaaac
tctacaccaa
agactgacag
cgggacagaa
agctgtgtga
cagaccatca
cagcaccgga
aggccttggg
aacatgctgg
tctgectgetg

accatcatca

1557

gcgagatgca
cacacaagat
aggccgagcc
tggagaacac
tgtccatggt
gggcctacgt
aggtgtacgt
aacctgagga
gcctgggeag
ctaccgtgtc
ctagagtgaa
gaaagccctg
aagagtgcgt
actgggctcc
gcgcacaagt
acaagaaact
ggcctaagat
tggccagcca
agcccttcta
agcctcctta
catgcgagaa
tcctgctcegt
aagccagccc
ccgtgatctc
gaagcggcega

gcctgatcat

Artificial sequence

gagaaaggct
gaacaagatg
tccaacatgg
caaagtgacc
ggtgtccctg
gccctttect
gaacgacagc
agagggcatg
agcacctggc
tcccatcagc
ctacttgcag
tcctaaagag
ggccaattct
tagaggccag
gtcaccagcc
tcagagcttc
cattagccct
ccacatcaga
caccgtcgat
catgctggtc
ctgcagactg
gcgagctaga
tagcgtgcac
ctgtgccgtg
gttcgtggtc

cctgattatg

505

ERV-K-env/MEL_03 nucleotide sequence

ccacctagac
gtcaccagcg
gctcagctga
cagacacctg
cctatgcctg
cctatgatca
gtgtgggtegc
atgatcaaca
tgtcttatgc
cggttcacct
gacttcagct
attcccaaag
gccgtgatcc
ttctaccaca
gtggatagcg
tatccctggg
gtgtctggac
atctggagcg
ctgaacagca
gtgggcaaca
ctgacctgca
gaaggcgtgt
attctgacag
gctggegtgg
atctctgcca

ctgtggcaga

510

ggagaagaca
aggaacagat
agaaactgac
agagcatgct
ctggtgctgce
gagccgtgac
caggacctat
tcagcatcgg
cagctgtgca
accacatggt
atcagcggag
agtccaagaa
tgcagaacaa
attgcagcgg
atctgaccga
agtggggaga
cagaacatcc
gcaatcagac
gcctgaccgt
ttgtgatcaa
tcgacagcac
ggatccctgt
aggtgctgaa
ccctgcatgg
ttctggctct

agaagccccg

cagaaacagg
gaaactgccc
ccagctggcc
gctggcagct
cgctgccaac
ctggatggac
cgacgataga
ctaccggtat
gaattggctg
gtccggcatg
cctgaagttc
caccgaggtg
cgagttcggc
acagacacag
gagcctggac
gaagggcatc
cgaactttgg
cctggaaaca
gcctctccag
gcccgactcec
cttcaactgg
ctctatggac
gggegtgctc
ctctgctgga
ggtggtgctg

gtgataa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1557
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