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DESCRIPTION

FIELD OF THE INVENTION

[0001] The invention relates to expression vectors for gene therapy with improved liver-specific
expression capabilities, particularly for use as a gene therapy means for the treatment of
hemophilia, more particularly for restoring coagulation factor IX (FIX) in liver-directed gene
therapy of hemophilia B.

BACKGROUND OF THE INVENTION

[0002] Hemophilia B is an X-linked, recessive bleeding disorder caused by deficiency of
clotting factor IX (FIX). The clinical presentation for hemophilia B is characterized by episodes
of spontaneous and prolonged bleeding. There are an estimated 1 in 20,000 individuals who
suffer from hemophilia B. Currently, hemophilia B is treated with protein replacement therapy
using either plasma-derived or recombinant FIX. Although FIX protein replacement markedly
improved the life expectancy of patients suffering from hemophilia, they are still at risk for
severe bleeding episodes and chronic joint damage, since prophylactic treatment is restricted
by the short half-life, the limited availability and the high cost of purified FIX, which can
approach 100.000%/patient/year. In addition, the use of plasma-derived factors obtained from
contaminated blood sources increases the risk of viral transmission. Gene therapy offers the
promise of a new method of treating hemophilia B, since the therapeutic window is relatively
broad and levels slightly above 1% of normal physiologic levels are therapeutic. If successful,
gene therapy could provide constant FIX synthesis which may lead to a cure for this disease.
The different modalities for gene therapy of hemophilia have been extensively reviewed
(Chuah et al., 2012a, 2012b, 2012c; VandenDriessche et al., 2012; High 2001, 2011; Matrai et
al.,, 2010a, 2010b).

[0003] Hemophilia A is a serious bleeding disorder caused by a deficiency in, or complete
absence of, the blood coagulation factor VIII (FVIII). The severity of hemophilia A and
hemophilia B has been classified by the subcommittee on Factor VIII and Factor IX of the
Scientific and Standardization Committee of the International Society on Thrombosis and
Haemostasis into three forms, depending on respectively, the FVIII level and the FIX level: 1)
severe form (FVIII or FIX level less than 0.01 international units (IU)/ml, i.e. less than 1% of
normal FVIII or FIX level), 2) moderate form (FVIII or FIX level from 0.01 to 0.05 IU/mlI, i.e.
from 1 to 5% of normal FVIII or FIX level), and 3) mild from (FVIII or FIX level higher than 0.05
to 0.4 1U/ml, i.e. higher than 5 to 40% of normal FVIII or FIX level). Hemophilia A is the most
common hereditary coagulation disorder with an incidence approaching approximately 1 in
5000 males.

[0004] Protein substitution therapy (PST) with purified or recombinant FVIII has significantly
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improved the patients' quality of life. However, PST is not curative and patients are still at risk
of developing potentially life-threatening hemorrhages and crippling joint inflammation.
Unfortunately, many patients suffering from hemophilia A (up to 40%) develop neutralizing
antibodies to FVIII (i.e. "inhibitors") following PST. These inhibitors complicate the management
of bleeding episodes and can render further PST ineffective. These limitations of PST, justify
the development of gene therapy as a potential alternative for hemophilia treatment.
Furthermore, only a modest increase in FVIII plasma concentration is needed for therapeutic
benefit, with levels of more than 1% of normal levels able to achieve markedly reduced rates of
spontaneous bleeding and long-term arthropathy.

[0005] The liver is the main physiological site of FIX and FVIII synthesis and hence,
hepatocytes are well suited target cells for hemophilia gene therapy. From this location, FIX
protein can easily enter into the circulation. Moreover, the hepatic niche may favor the
induction of immune tolerance towards the transgene product (Annoni et al., 2007; Follenzi et
al., 2004; Brown et al., 2007; Herzog et al., 1999; Matrai et al., 2011; Matsui et al., 2009).
Liver-directed gene therapy for hemophilia can be accomplished with different viral vectors
including retroviral (Axelrod et al., 1990; Kay et al., 1992; VandenDriessche et al., 1999, Xu et
al., 2003, 2005), lentiviral (Ward et al., 2011, Brown et al., 2007, Matrai et al., 2011), adeno-
associated viral (AAV) (Herzog et al.,, 1999) and adenoviral vectors (Brown et al., 2004)
(Ehrhardt & Kay, 2002). In particular, AAV is a naturally occurring replication defective non-
pathogenic virus with a single stranded DNA genome. AAV vectors have a favorable safety
profile and are capable of achieving persistent transgene expression. Long-term expression is
predominantly mediated by episomally retained AAV genomes. More than 90% of the stably
transduced vector genomes are extra-chromosomal, mostly organized as high-molecular-
weight concatamers. Therefore, the risk of insertional oncogenesis is minimal, especially in the
context of hemophilia gene therapy where no selective expansion of transduced cells is
expected to occur. Nevertheless, oncogenic events have been reported following AAV-based
gene transfer (Donsante et al., 2007) but it has been difficult to reproduce these findings in
other model systems (Li et al.,, 2011). The major limitation of AAV vectors is the limited
packaging capacity of the vector particles (i.e. approximately 4.7 kb), constraining the size of
the transgene expression cassette to obtain functional vectors (Jiang et al., 2006). Several
immunologically distinct AAV serotypes have been isolated from human and non-human
primates (Gao et al.,, 2002, Gao et al. 2004), although most vectors for hemophilia gene
therapy were initially derived from the most prevalent AAV serotype 2. The first clinical success
of AAV-based gene therapy for congenital blindness underscores the potential of this gene
transfer technology (Bainbridge et al., 2008).

[0006] AAV-mediated hepatic gene transfer is an attractive alternative for gene therapy of
hemophilia for both liver and muscle-directed gene therapy (Herzog et al., 1997, 1999, 2002;
Arruda et al., 2010; Fields et al., 2001; Buchlis et al., 2012; Jiang et al., 2006; Kay et al., 2000).
Preclinical studies with the AAV vectors in murine and canine models of hemophilia or non-
human primates have demonstrated persistent therapeutic expression, leading to partial or
complete correction of the bleeding phenotype in the hemophilic models (Snyder et al., 1997,
1999; Wang et al., 1999, 2000; Mount et al., 2002; Nathwani et al., 2002). Particularly, hepatic
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transduction conveniently induces immune tolerance to FIX that required induction of
regulatory T cells (Tregs) (Mingozzi et al., 2003; Dobrzynski et al., 2006). Long-term correction
of the hemophilia phenotype without inhibitor development was achieved in inhibitor-prone null
mutation hemophilia B dogs treated with liver-directed AAV2-FIX gene therapy (Mount et al,
2002). In order to further reduce the vector dose, more potent FIX expression cassettes have
been developed. This could be accomplished by using stronger promoter/enhancer elements,
codon-optimized FIX or self-complementary, double-stranded AAV vectors (scAAV) that
overcome one of the limiting steps in AAV transduction (i.e. single-stranded to double-stranded
AAV conversion) (McCarty, 2001, 2003; Nathwani et al, 2002, 2006, 2011; Wu et al., 2008).
More particularly, Wu et al. (2008) discloses optimized scAAV vectors for liver-directed gene
delivery comprising a transthyretin (TTR) enhancer-promoter, an MVM intron, codon-optimized
hFIX cDNA and a polyadenylation signal, resulting in increased transgene expression in the
liver and a sustained correction of hemophilia B at low vector dose in mice. Wu et al. are
however completely silent on the use of the Serpin enhancer and on mutated FIX containing a
hyper-activating R338L mutation. Alternative AAV serotypes could be used (e.g. AAV8 or AAVS)
that result in increased transduction into hepatocytes, improve intra-nuclear vector import and
reduce the risk of T cell activation (Gao et al., 2002; Vandenberghe et al., 2006). Liver-directed
gene therapy for hemophilia B with AAV8 or AAV9 is more efficient than when lentiviral vectors
are used, at least in mice, and resulted in less inflammation (VandenDriessche et al., 2007,
2002). Furthermore, recent studies indicate that mutations of the surface-exposed tyrosine
residues allow the vector particles to evade phosphorylation and subsequent ubiquitination
and, thus, prevent proteasome-mediated degradation, which resulted in a 10-fold increase in
hepatic expression of FIX in mice (Zhong et al., 2008).

[0007] These liver-directed preclinical studies paved the way toward the use of AAV vectors for
clinical gene therapy in patients suffering from severe hemophilia B. Hepatic delivery of AAV-
FIX vectors resulted in transient therapeutic FIX levels (maximum 12% of normal levels) in
subjects receiving AAV-FIX by hepatic artery catheterization (Kay et al., 2000). However, the
transduced hepatocytes were able to present AAV capsid-derived antigens in association with
MHC class | to T cells (Manno et al.,, 2006, Mingozzi et al.,, 2007). Although antigen
presentation was modest, it was sufficient to flag the transduced hepatocytes for T cell-
mediated destruction. Recently, gene therapy for hemophilia made an important step forward
(Nathwani et al., 2011, Commentary by VandenDriessche & Chuah, 2012). Subjects suffering
from severe hemophilia B (<1% FIX) were injected intravenously with self-complementary (sc)
AAV8 vectors expressing codon-optimized FIX from a liver-specific promoter. This AAV8
serotype exhibits reduced cross-reactivity with pre-existing anti-AAV2 antibodies. Interestingly,
its uptake by dendritic cells may be reduced compared to conventional AAV2 vectors, resulting
in reduced T cell activation (Vandenberghe et al., 2006). In mice, AAV8 allows for a substantial
increase in hepatic transduction compared to AAV2, though this advantage may be lost in
higher species, like dog, rhesus monkeys and man. Subjects received escalating doses of the
sCAAV8B-FIX vector, with two participants per dose. All of the treated subjects expressed FIX
above the therapeutic 1% threshold for several months after vector administration, yielding
sustained variable expression levels (i.e. 2 to 11% of normal levels). The main difference with
the previous liver-directed AAV trial is that for the first time sustained therapeutic FIX levels
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could be achieved after gene therapy. Despite this progress, T-cell mediated clearance of AAV-
transduced hepatocytes remains a concern consistent with elevated liver enzyme levels in
some of the patients. Transient immune suppression using a short course of glucocorticoids
was used in an attempt to limit this vector-specific immune response.

[0008] One of the significant limitations in the generation of efficient viral gene delivery
systems for the treatment of hemophilia A by gene therapy is the large size of the FVIII cDNA.
Previous viral vector-based gene therapy studies for hemophilia A typically relied on the use of
small but weak promoters, required excessively high vector doses that were not clinically
relevant or resulted in severely compromised vector titers. Several other ad hoc strategies
were explored, such as the use of split or dual vector design to overcome the packaging
constraints of AAV, but these approaches were overall relatively inefficient and raised additional
immunogenicity concerns (reviewed in Petrus et al., 2010). It has been found that the FVIII B
domain is dispensable for procoagulant activity. Consequently, FVIII constructs in which the B
domain is deleted are used for gene transfer purposes since their smaller size is more easily
incorporated into vectors. Furthermore, it has been shown that deletion of the B domain leads
to a 17-fold increase in mRNA and primary translation product. FVIII wherein the B domain is
deleted and replaced by a short 14-amino acid linker is currently produced as a recombinant
product and marketed as Refacto® for clinical use (Wyeth Pharma) (Sandberg et al., 2001).
Miao et al. (2004) added back a short B domain sequence to a B domain deleted FVIII,
optimally 226 amino acids and retaining 6 sites for N-linked glycosylation, to improve secretion.
Mclntosh et al. (2013) replaced the 226 amino-acid spacer of Miao et al. with a 17 amino-acid
peptide in which six glycosylation triplets from the B-domain were juxtaposed. Yet, production
was still not sufficient for therapeutic purposes.

[0009] Non-viral vectors typically rely on a plasmid-based gene delivery system, where only
the naked DNA is delivered, potentially in conjunction with physicochemical methods that
facilitate transfection. Consequently, the non-viral approach maybe less immunogenic and
potentially safer than viral vectors, though innate immune response may still occur. The non-
viral gene transfer method is simple, but the efficiency is generally low compared to most viral
vector-mediated gene transfer approaches. Efficient in vivo gene delivery of non-viral vectors
remains a bottleneck. Typically, for hepatic gene delivery, plasmids are administered by
hydrodynamic injection. In this case, a hydrodynamic pressure is generated by rapid injection
of a large volume of DNA solution into the circulation, in order to deliver the gene of interest in
the liver (Miao et al., 2000). Efforts are being made to adapt hydrodynamic injection towards a
clinically relevant modality by reducing the volume of injection along with maintaining localized
hydrodynamic pressure for gene transfer. Alternative approaches based on targetable
nanoparticles are being explored to achieve target specific delivery of FIX into hepatocytes.
Expression could be prolonged by removing bacterial backbone sequences which interfere with
long term expression (i.e. mini-circle DNA) Finally, to increase the stability of FIX expression
after non-viral transfection, transposons could be used that result in stable genomic transgene
integration. We and others have shown that transposons could be used to obtain stable clotting
factor expression following in vivo gene therapy (Yant et al., 2000; Mates, Chuah et al., 2009,
VandenDriessche et al., 2009; Kren et al.,2009; Ohlfest et al., 2004).
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[0010] An exemplary state of the art vector for liver-specific expression of FIX is described in
W02009/130208 and is composed of a single-stranded AAV vector that contains the TTR/Serp
regulatory sequences driving a factor cDNA. A FIX first intron was included in the vector,
together with a poly-adenylation signal. Using said improved vector yielded about 25-30%
stable circulating factor IX. WO 2009/130208 does not teach nor suggest the inclusion of an
MVM intron into the vector, nor the use of a codon-optimized human FIX gene containing a
hyper-activating R338L mutation.

[0011] In order to translate viral-vector based gene therapy for hemophilia to the clinic, the
safety concerns associated with administering large vector doses to the liver and the need for
manufacturing large amounts of clinical-grade vector must be addressed. Increasing the
potency (efficacy per dose) of gene transfer vectors is crucial towards achieving these goals. It
would allow using lower doses to obtain therapeutic benefit, thus reducing potential toxicities
and immune activation associated with in vivo administration, and easing manufacturing needs.

[0012] One way to increase potency is to engineer the transgene sequence itself to maximize
expression and biological activity per vector copy. We have shown that FIX transgenes
optimized for codon usage and carrying an R338L amino acid substitution associated with
clotting hyperactivity and thrombophilia (Simioni et al., 2009), increase the efficacy of gene
therapy using lentiviral vector up to 15-fold in hemophilia B mice, without detectable adverse
effects, substantially reducing the dose requirement for reaching therapeutic efficacy and thus
facilitating future scale up and its clinical translation (Cantore et al., 2012).

[0013] Also codon optimization of human factor VIII cDNAs leads to high-level expression.
Significantly greater levels (up to a 44-fold increase and in excess of 200% normal human
levels) of active FVIII protein were detected in the plasma of neonatal hemophilia A mice
transduced with lentiviral vector expressing FVIII from a codon-optimized cDNA sequence,
thereby successfully correcting the disease model (Ward et al., 2011). International patent
application WO 2011/005968 discloses codon-optimized sequence of human blood clotting
factor VIII, including codon-optimized B domain deleted human FVIII.

[0014] It is an object of the present invention to increase the efficiency and safety of liver-
directed gene therapy for hemophilia B.

SUMMARY OF THE INVENTION

[0015] It is an object of the present invention to increase the efficiency and safety of liver-
directed gene therapy for hemophilia B. The above objective is accomplished by providing an
AAV-based vector comprising a nucleic acid expression cassette with a Serpin enhancer
defined by SEQ ID NO:8 or a sequence having 95% identity to said sequence that enhance
liver-directed gene expression, while retaining tissue specificity, in conjunction with the use of a
human FIX gene containing a hyper-activating R338L mutation and a codon-optimized
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transgene, a promoter, a minute virus of mice (MVM) intron and a transcriptional termination
signal.

[0016] The resulting vector and nucleic acid expression cassette results in unexpectedly high
expression levels of FIX in the liver, due to its unique combination of regulatory elements and
the choice of vector type and transgene. The combined effect of these elements could not
have been predicted. In W0O2009/130208 for example, the given AAV-based vector yielded
about 25-30% stable circulating factor IX. In the current application the new vector obtained
500-600% of stable circulating factor IX levels. This represents a more than 20-fold increase in
FIX levels due to the unique combination of elements of the nucleic acid expression cassette
and vector of the present invention. In particular, the inventors demonstrated in Example 7 that
specific combinations of the Serpin enhancer (called "Serp" or "SerpEnh" herein) with codon-
optimized hFIX transgene or the Serpin enhancer with transgene encoding hFIX containing the
Padua mutation provide for synergistic effects on FIX activity. The highest hFIX activity was
measured in mice hydrodynamically injected with a plasmid comprising the unique combination
of the Serpin enhancer with a codon-optimized transgene encoding hFI1X containing the Padua
mutation. hFIX activity in these mice was up to 265-fold higher as compared to hFIX acitivity in
mice injected with a corresponding hFIX plasmid without the Serpin enhancer, the codon-
optimization and the Padua mutation. This increase in hFIX activity was shown to be
synergistic.

[0017] The invention therefore provides the following aspects:

Aspect 1. A vector comprising a nucleic acid expression cassette comprisinga Serpin enhancer
defined by SEQ ID NO:8 or a sequence having 95% identity to said sequence, a promoter, a
minute virus of mouse (MVM) intron, a codon-optimized coagulation factor IX containing a
hyperactivating mutation, and a transcriptional termination signal, wherein the vector is a viral
vector derived from an adeno-associated virus (AAV) and wherein said hyperactivating
mutation is an R338L amino acid substitution.

Aspect 2. The vector according to aspect 1, wherein said promoter is derived from the
transthyretin (TTR) promoter, preferably the minimal TTR promotor.

Aspect 3. The vector according to any one of aspects 1 or 2, wherein said transcriptional
termination signal is derived from the bovine growth hormone polyadenylation signal or from
the Simian virus 40 polyadenylation signal.

Aspect 4. The vector according to any one of aspects 1 to 3, wherein said vector is AAV
serotype 9.

Aspect 5. The vector according to any one of aspects 1 to 4, wherein said vector is a single-
stranded AAV, preferably single-stranded AAV serotype 9.

Aspect 6. The vector according to any one of aspects 1 to 5, having SEQ ID NO: 1 or 2.

Aspect 7. The vector according to any one of aspects 1 to 4, wherein said vector is a self-
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complementary AAV, preferably self-complementary AAV serotype 9.

Aspect 8. A method to obtain levels of factor IX in plasma equal to or higher than the
therapeutic threshold concentration of 10mU/ml plasma in a subject, comprising the
transduction of the vector according to any one of aspects 1 to 5, 7 into a subject.

Aspect 9. The method according to aspect 8, wherein the transduction of the vector according

to any one of aspects 1 to 5, 7 into the subject is done at a dose lower than 2x10M vg/kg.

Aspect 10. The method according to aspect 8, used to obtain levels of factor IX in plasma
equal to or higher than the therapeutic concentration of 100 mU/ml in a subject, wherein the
transduction of the vector according to any one of aspects 1 to 5, 7 into the subject is done at a

dose lower than or equal than 6x10"" vg/kg.

Aspect 11. The method according to aspect 8, used to obtain levels of factor I1X in plasma
equal to or higher than the therapeutic concentration of 50 mU/ml in a subject, wherein the
transduction of the vector according to any one of aspects 1 to 5, 7 into the subject is done at a

dose lower than or equal than 6x10"" vg/kg.

Aspect 12. The method according to aspect 8, used to obtain levels of factor IX in plasma
equal to or higher than the therapeutic concentration of 200 mU/ml in a subject, wherein the
transduction of the vector according to any one of aspects 1 to 5, 7 into the subject is done at a

dose lower than or equal than 2x1012 vg/kg.

Aspect 13. The method according to aspect 8, used to obtain levels of factor IX in plasma
equal to or higher than the therapeutic concentration of 150 mU/ml in a subject, wherein the
transduction of the vector according to any one of claims 1 to 5, 7into the subject is done at a

dose lower than or equal than 2x10'2 vg/kg.

Aspect 14. The method according to any one of aspects 8 to 13, wherein said transduction is
by intravenous administration.

Aspect 15. The method according to any one of aspects 8 to 14, wherein said subject is a
mammalian subject, preferably a human subject.

Aspect 16. A method for treating hemophilia B in a mammalian subject, comprising performing
the method according to any one of aspects 8 to 15.

Aspect 17. The use of the vector according to any one of aspects 1 to 5, 7 for the manufacture
of a medicament to treat hemophilia B.

Aspect 18. The vector according to any one of aspects 1 to 5, 7 for use in the treatment of
hemophilia B.

Aspect 19. A pharmaceutical composition comprising a vector according to any one of aspects
1 to 5, 7and a pharmaceutically acceptable carrier, optionally further comprising an active
ingredient for treating hemophilia B.
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Aspect 20. The pharmaceutical composition according to aspect 19 use in treating hemophilia
B.

Aspect 21. The pharmaceutical composition for use according to aspect 20, or the vector for
use according to aspect 18, wherein said treatment results in levels of factor IX in plasma of
the treated subject that are equal to or higher than the therapeutic threshold concentration of
10 mU/ml plasma in a subject, preferably equal to or higher than the therapeutic concentration
of 50 mU/ml plasma in a subject, more preferably equal to or higher than the therapeutic
concentration of 100 mU/ml plasma in a subject, even more preferably equal to or higher than
the therapeutic concentration of 150 mU/ml plasma in a subject and even more preferably
equal to or higher than the therapeutic concentration of 200 mU/ml plasma in a subject.

Aspect 22. The pharmaceutical composition for use according to aspect 20 or 21, or the vector
for use according to aspect 18 or 21, wherein said treatment comprises the transduction of the
vector according to any one of aspects 1 to 5, 7 into the subject at a dose lower than or equal

than 2x1012 vg/kg, preferably at a dose lower than or equal than 6x10'! vg/kg, more preferably

at a dose lower than or equal than 2x10"! vg/kg.

BRIEF DESCRIPTION OF THE FIGURES

[0018] The present invention is illustrated by the following figures which are to be considered
for illustrative purposes only and in no way limit the invention to the embodiments disclosed
therein:

Figure 1 A) shows a schematic diagram of the AAV9-SerpEnh-TTRm-MVM-co-hFIX construct
(pdsAAVsc SerpTTRmMVMF9coptpA) with indication where the liver-specific Serpin regulatory
element ("Serp" or "SerpEnh") is inserted upstream of the transthyretin minimal promoter
(TTRm). Abbreviations used are: ITR: viral inverted terminal repeat; mTTR: minimal
transthyretin promoter; MVM: minute virus mouse; huFIXcoptMT: codon-optimized FIX;
bGHpA: polyadenylation signal of bovine growth hormone; B) shows the sequence of the
AAV9-SerpEnh-TTRm-MVM-co-hFIX construct (SEQ ID No. 1) and C) shows the sequence of
the AAV9-SerpEnh-TTRm-MVM-co-hFIX-R338L construct (SEQ ID No. 2).

Figure 2 shows FIX activity after intravenous injection of AAV9-SerpEnh-TTRm-MVM-co-hFIX
construct (pdsAAVsc SerpTTRmMVMF9coptpA) or AAV9-SerpEnh-TTRmM-MVM-co-hFIX-
R338L construct in FIX-deficient hemophilia B mice. AAV vectors expressing either the human
codon-optimized FIX cDNA were designated as AAV-co-hFIX or the human codon-optimized
FIX-R338L cDNA as AAV-co-padua-hFIX. hFIX activity levels were determined using a
chromogenic activity assay on citrated plasma. Mice were injected with different vectors dose

of the cognate self-complementary AAV9 vectors (109 vg, 5x10° vg, 2x10"0 vg).
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Figure 3 A) shows a schematic representation of the AAV9sc-SerpEnh-TTRm-MVM-co-hFIX-
R338L vector. The expression cassette was packaged in a self-complimentary (sc) adeno-
associated virus serotype 9 (AAV9), flanked by the 5' and 3' AAV inverted terminal repeats
(ITR). The liver-specific minimal transthyretin (TTRm) promoter drives the codon-optimized
human FIX with R338L mutation (co-hFIX-R338L) transgene. The hepatocyte-specific
regulatory elements ("Serp" or "SerpEnh") are located upstream of the TTRm promoter. The
minute virus of mouse mini-intron (MVM) intron and bovine growth hormone polyadenylation
site (pA) are also indicated. B) shows a schematic representation of a control vector AAV9-
SerpEnh-TTRm-MVM-co-hFIX, which is identical to the AAV9-SerpEnh-TTRm-MVM-co-hFIX-
R338L vector, but the transgene, codon-optimized hFIX, does not contain the R338L mutation.
C) compares the R338L or Padua mutation in human FIX fragment (SEQ ID NO:23), making
hFIX hyper-functional, with human FIX fragment (SEQ ID NO:24).

Figure 4. Evaluation of codon-optimized and hyper-functional FIX transgenes by AAV9 delivery
in hemophilic mice. Mice were intravenously administered 1x10° vg/mouse (A,B), 5x10°

vg/mouse (C,D) or 2x10'% vg/mouse (E,F) of AAV9sc-SerpEnh-TTRm-MVM-co-hFIX-R338L
(indicated as cohFIX-R338L) or AAV9sc-SerpEnh-TTRm-MVM-co-hFIX-(indicated as cohFIX)
vector. hFIX activity (A, C, E) and hFIX protein (B, D, F) were measured by clotting activity
using chromogenic FIX activity assays (n = 3) and by ELISA (n = 3), respectively, on plasma
samples collected at the indicated times after AAV administration. (G, H, 1) Hemophilic mice

were intravenously administered 1x10° vg/mouse (G), 5x10° vg/mouse (H) or 2x10'0

vg/mouse (l) of AAV9-SerpEnh-TTRm-MVM-co-hFIX-R338L (n = 3). For each dose, hFIX
expression (hFIX protein) was compared to the corresponding FIX clotting activity. (J) D-dimer
levels and hFIX activity were determined in mice injected with AAV9sc-SerpEnh-TTRm-MVM-
co-hFIX-R338L (indicated as AAV cohFIX R338L) or AAV9sc-SerpEnh-TTRm-MVM-co-hFIX
(indicated as AAV cohFIX) vector at the indicated doses and compared to non-injected control
mice. D-dimer levels were determined by ELISA and hFIX activity was analyzed by
chromogenic assay. The D-dimer positive control is shown. Results are presented as mean
+SEM. * p<0.05, **: p<0.01, ***: p<0.001 (1- test). (K) Analysis of immune tolerance induction in

hemophilia B mice injected with 5x10% vg/mouse of AAV9sc-SerpEnh-TTRm-MVM-co-hFIX-
R338L (indicated as cohFIX-R338L, n=4). FIX-specific antibodies were measured by ELISA at
week 2 (w2), w4, w6 and w8 after immunization with hFIX protein, as indicated. The
immunizations were initiated 2 weeks after vector administration. Immunized PBS-injected
hemophilia B mice (n=4) were used as control.

Figure 5. Biodistribution and transduction efficiency in different organs of mice injected with
AAV9sc-SerpEnh-TTRm-MVM-co-hFIX-R338L (indicated as cohFIX-R338L, n = 3) or AAV9sc-
SerpEnh-TTRm-MVM-co-hFIX (indicated as cohFIX, n = 3). (A, B) AAV copy number relative to

100 ng of genomic DNA was determined for both constructs at a dose of 1x102 vg/mouse (A)

and 5x109 vg/mouse (B). (C, D) Quantitative reverse transcriptase (qRT)-PCR analysis of hFIX
mRNA levels in the different organs expressed relative to hFIX mRNA levels in the liver for both

constructs at a dose of 1x10% vg/mouse (C) and 5x10% vg/mouse (D). GAPDH was used for
normalization. Results are presented as mean+SEM. *: p<0.05, **: p<0.01, ***: p<0.001 (t-
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test).

Figure 6 A) shows a schematic representation of AAVss-SerpEnh-TTRm-MVM-hFVllicopt-
sv40pA vector. The expression cassette was packaged in a single-stranded (ss) adeno-
associated virus, flanked by the 5' and 3' AAV inverted terminal repeats (ITR). The liver-specific
minimal transthyretin (TTRm) promoter regulates transcription of the human codon-optimized
B-domain deleted FVIII ¢cDNA (hFVllicopt). The Serpin enhancer ("Serp" or "SerpEnh")is
cloned upstream of the TTRm promoter. The minute virus of mouse mini-intron (MVM) and
SV40 polyadenylation site (pA) are indicated. B) shows a schematic of the AAVss-SerpEnh-
TTRm-MVM-hFVllicopt-sv40pA construct (AAVss-SerpT TRm-MVM-FVIlicopt-sv40pA) with
indication where the liver-specific Serpin enhancer ("Serp" or "SerpEnh") is inserted upstream
of the transthyretin minimal promoter (TTRm). Abbreviations used are: ITR: viral inverted
terminal repeat; MVM intron: minute virus mouse intron; FVIlicopt: codon-optimized B domain
deleted human FIX; SvpolyA: polyadenylation signal of SV40. C) shows the sequence of the
AAVss-SerpEnh-TTRm-MVM-hFVllicopt -sv40pA construct (SEQ ID NO. 6). The flanking
inverted terminal repeat sequences are indicated in italics, the Serpin enhancer ("Serp" or
"SerpEnh") in bold (72 bp), the minimal transthyretin promoter (TTRm) is underlined (202 bp),
the mTTR/S" untranslated region is boxed (21 bp), the MVM intron is in italics and underlined
(92bp), the codon-optimized B domain deleted hFVIII (hFVIlicopt) underlined and in bold (4377
bp), and the SV40 polyadenylation sequence is in italics and bold and underlined (134 bp). D)
Nucleotide sequence of codon-optimized B domain deleted FVIII (SEQ ID NO: 7). E)
Nucleotide sequence of the Serpin enhancer ("Serp" or "SerpEnh") (SEQ ID NO: 8). F)
Nucleotide sequence of the minimal transthyretin promoter (TTRm) (SEQ ID NO: 9). G)
Nucleotide sequence of the minute virus mouse (MVM) intron (SEQ ID NO: 10). H) Nucleotide
sequence of the SV40 polyadenylation signal (SV40polyA) (SEQ ID NO: 11).

Figure 7 shows FVIII expression levels in CB17.SCID mice in function of time (days) following

intravenous injection with AAVss-SerpEnh-TTRm-MVM-hF Vllicopt-sv40pA (5x10? vg/mouse).
FVIII levels were determined using a hFVIlI-specific ELISA and are expressed as a percentage
of normal levels (i.e. physiological level of human FVIII of 200 ng/ml or 1 1U/ml of FVIII in a
normal individual) and in ng/ml plasma.

Figure 8 A) shows a schematic of the plasmid
pcDNA3_mouseCO_hyPiggyBac_Transposase_MT encoding codon-optimized hyperactive
PiggyBac (PB) transposase. B) Nucleotide sequence of the
pcDNA3_mouseCO_hyPiggyBac_Transposase_MT plasmid (SEQ ID NO:12). C) shows a
schematic of the PB_Minimal_T_(T53C-
C136T)_D4zZ4 TTRminSerpMVM_hFVIlicopt_SV40pA_D4Z4 transposon. The liver-specific
minimal transthyretin (TTRm) promoter is operably linked to the Serpin enhancer ("Serp" or
"SerpEnh") to regulate transcription of the human codon-optimized B-domain deleted FVIII
cDNA (FVllicopt). The minute virus of mouse mini-intron (MVM) and SV40 polyadenylation
signal (SV40pA) are indicated. D) Nucleotide sequence of the PB_Minimal_T_(T53C-
C136T)_D4Z4 TTRminSerpMVM_hFVIlicopt_SV40pA_D4Z4 transposon (SEQ ID NO:13). E)
schematically shows the PB_micro_T_No_ins_TTRminSerpMVM_FIXco_bghpA transposon.
Codon-optimized human FIX expression is driven from the liver-specific minimal transthyretin
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(TTRm) promoter operably linked to the Serpin enhancer ("Serp" or "SerpEnh"). The minute
virus of mouse mini-intron (MVM) and bovine growth hormone polyadenylation signal (bghpA)
are indicated. F) Nucleotide sequence of the
PB_micro_T_No_ins_TTRminSerpMVM_FIXco_bghpA transposon (SEQ ID NO:14). G)
schematically shows the PB_micro_T_No_ins_TTRminSerpMVM_FIXco_Padua_bghpA
transposon. Codon-optimized human Padua FIX expression is driven from the liver-specific
minimal transthyretin (TTRm) promoter operably linked to the Serpin enhancer ("Serp" or
"SerpEnh"). The minute virus of mouse mini-intron (MVM) and bovine growth hormone
polyadenylation signal (bghpA) are indicated. H) Nucleotide sequence of the
PB_micro_T_No_ins_TTRminSerpMVM_FIXco_Padua_bghpA transposon (SEQ ID NO: 15). 1)
shows the Sleeping Beauty (SB) transposon pT2BH_TTRminSerpMVM_hFIXco_bghpA
transposon. Codon-optimized human FIX expression is driven from the liver-specific minimal
transthyretin (TTRm) promoter operably linked to the Serpin enhancer ("Serp" or "SerpEnh").
The minute virus of mouse mini-intron (MVM) and bovine growth hormone polyadenylation
signal (bghpA) are indicated. J) shows a schematic of the plasmid
pCDNA3_CMVBGI_SBMAX bghpA encoding the hyperactive SBmax transposase. K)
Nucleotide sequence of the pCDNA3 _CMVBGI_SBMAX_bghpA plasmid (SEQ ID NO:17).

Figure 9. FIX expression levels in hemophilia B mice treated by liver-directed gene therapy
using hyperactive PB transposon expressing either codon-optimized FIX or the hyperactive
codon-optimized FIX-R338L mutant. The amount of transposon (IRpBACmicro) and
transposase plasmid (hypBase) is indicated. Human FIX levels were determined using activity
assays.

Figure 10. FVIII expression levels in SCID mice treated by liver-directed gene therapy using
hyperactive PB transposon systems: 1 ug pcDNA3_mouseCO_hyPiggyBac_Transposase MT

plasmid (hyPB plasmid) + 5 Mg PB_Minimal_T_(T53C-
C136T)_D4z4 TTRminSerpMVM_hFVllicopt_SV40pA_D4Z4 transposon (A); or 1 ug hyPB
plasmid + 500 ng PB_Minimal_T_(T53C-

C136T)_D4z4 TTRminSerpMVM_hFVllicopt_SV40pA_D4Z4 transposon (B). (lines: with
hyPB, broken lines: without hyPB control). Physiologic FVIII concentration (100% = 200 ng/ml
plasma) is indicated. Human FVIII levels were detected by ELISA.

Figure 11. Comparison of Sleeping Beauty transposon and PiggyBac transposon for codon-
optimized hFIX hepatic gene delivery. Sleeping Beauty transposon
(pT2BH_TTRminSerpMVM_hFIXco_bghpA) and PiggyBac transposon
(PB_micro_T_No_Ins_SerpTTrminMVM_hFIXco_BGHpA) were injected in immunodeficient
(NOD SCID) mice along with plasmid encoding codon-optimized hyperactive PB transposase
(pcDNA3_mouseCO_hyPiggyBac_Transposase_MT) or hyperactive SBmax transposase
(PCDNA3_CMVBGI_SBMAX_bghpA), respectively using the doses as indicated. One month
post-injection FIX plasma levels were determined in plasma by ELISA.

Figure 12. Evaluation of effect of cloning MVM intron into nucleic acid constructs on in vivo
expression of transgenes. (A) Schematic representation of the piggyBac transposon encoding
for a wild-type hFIX (denoted as pB_hFIXIA) The expression cassette is flanked by the wild-
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type piggyBac transposon invert repeat (IRpBac). The liver-specific minimal transthyretin
(TTRm) promoter drives the human FIX transgene comprising a truncated 1;4 kb hFIX intron A
between exon 1 and the following exons 2-8. The hepatocyte-specific regulatory element
("Serp" or "SerpEnh") is located upstream of the TTRm promoter. Bovine growth hormone
polyadenylation site (pA) is also indicated. (B) Schematic representation of the piggyBac
transposon encoding for a codon-optimized hFIX (denoted as pB_ hFIXco). The expression
cassette is the same as pB_hFIXIA, except for the transgene. The hFIX transgene is codon-
optimized (hFIXco) and contains no intron A. MVM intron is cloned upstream of the FlXco
transgene. (C) Schematic representation of the mouse piggyBac transposase plasmid
(denoted as mpBase). The mouse codon-optimized native piggyBac transposase (mpB) driven
by the cytomegalovirus (CMV) promoter is cloned upstream of a -globin intron (BGI). Bovine
growth hormone polyadenylation site (bghpA) is also indicated. (D) Schematic representation
of the empty control plasmid (denoted as empty) without a transposase gene. The plasmid
contains a multiple cloning site (MCS) between the CMV promoter and the bghpa
polyadenylation signal. (E, F) Hemophilia B mice were hydrodynamically injected with 10 pg of
transposon plasmids comprising wild-type hFIX transgene and truncated intron A (pB_hFIXIA,
E) or codon-optimized hFIX transgene and MVM intron (pB_MVM-FIXco, F) in conjunction with
2 ug of plasmids encoding mouse piggyBac transposase (+ mpBase, full lines) or an empty
control plasmid (+ empty, dashed lines) hFIX antigen expression (black squares) and hFIX
clotting activity (grey squares) were measured on plasma samples collected at the indicated
times by ELISA and a chromogenic hFIX activity assay, respectively. Transposon copies per
diploid genome (G) and hFIX mRNA levels (H) were measured by a quantitative RT-PCR
method (QRT-PCR) at the end of the experiments from total RNA extracted from liver biopsies.
hFIX mRNA levels relative to FIXIA mRNA levels are shown in H. The pB hFIXco plasmid
showed more than 57-fold expression of mMRNA as compared to the pB FIXIA plasmid. Results
were presented as mean * standard error of the mean. n.s. indicates not significant, *: p <
0.05, *™: p<0.01, ™ p <0.001 (n = 3 mice/group).

Figure 13. Comparison of nucleic acid expression cassettes comprising hFVIIl transgene.
(A,B) Predicted (a,b) and measured (c,d) hFVIII levels in mice hydrodynamically injected with,
from left to right, (a) AAV9ss-TTRmM-MVM-hFVIII-SV40pA plasmid, (b) AAV9ss-SerpEnh-TTRm-
MVM-hFVIII-SV40pA plasmid, (c) AAV9ss-TTRm-MVM-hFVIlicopt-SV40pA plasmid, or (d)
AAV9ss-SerpEnh-TTRm-MVM-hFVllicopt-SV40pA plasmid, at 2 uyg DNA (A) or 5 ug DNA (B).
(C,D) Bars showing from left to right, predicted hFVIII levels in mice hydrodynamically injected
with (b) AAV9ss-SerpEnh-TTRmM-MVM-hFVIII-SV40pA plasmid; measured hFVIIl levels in mice
injected with (c) AAV9ss-TTRmM-MVM-hFVIlicopt-SV40pA plasmid; sum of hFVIIl levels
predicted in mice injected with (b) and hFVIII levels measured in mice injected with (c); and
hFVIII levels measured in mice transfected with (d) AAV9ss-SerpEnh-TTRm-MVM-hFVllicopt-
SV40pA plasmid. (C) shows the data for mice that were injected with 2 uyg DNA, (D) shows the
data for mice that were injected with 5 uyg DNA.

Figure 14. Comparison of nucleic acid expression cassettes comprising hFIX transgene. (A,B)
Bars showing from left to right, hFIX activity in mice hydrodynamically injected with (a) AAVsc-
TTRmM-MVM-hFIX-SV40pA plasmid; (b) AAVsc-SerpEnh-TTRm-MVM-hFIX-SV40pA plasmid;
(c) AAVsc-TTRm-MVM-hFIXco-SV40pA plasmid; (b) and (c) calculated as the sum of hFIX
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activity measured in mice injected with (b) and (c); and (d) AAVsc-SerpEnh-TTRm-MVM-
hFIXco-SV40pA plasmid at day 2 (A) and day 6 (B) post-injection. (C,D) Bars showing from left
to right, hFIX activity in mice hydrodynamically injected with (c) AAVsc-TTRm-MVM-hFIXco-
SV40pA plasmid; (d) AAVsc-SerpEnh-TTRm-MVM-hFI1Xco-SV40pA plasmid; (e) AAVsc-TTRm-
MVM-hFIXcoPadua-SV40pA plasmid; (d) and (e) calculated as the sum of hFIX activity
measured in mice injected with (d) and (e); and (f) AAVsc-SerpEnh-TTRm-MVM-hFIXcoPadua-
SV40pA plasmid at day 2 (C) and day 6 (D) post-injection.

Figure 15. (A) Schematic representation of the piggyBac transposon pB_hFIXco/IRmut16-

wherein the expression cassette is flanked by a wild-type piggyBac transposon inverted repeat
(IRwt) and a piggybac transposon inverted repeat containing the indicated point mutations
(IRmut16). The liver-specific minimal transthyretin (TTRmin) promoter drives a codon-
optimized hFIX (hFIXco). Minute virus of mouse (MVM) intron is cloned upstream of the FIXco
transgene. The Serpin enhancer (denoted as HSHB8) is located upstream of the TTRmin
promoter. Bovine growth hormone polyadenylation site (pA) is also indicated. (B) Schematic
representation of the piggybac transposon pB_hFIXco/IRnyicro- The transposon is the same as

pB_hFIXco/IRmut1e, €xcept for the inverted repeats, which are micro inverted repeats

(IRmicro). (C) Schematic representation of the piggybac transposon pB_hFIXco-R338L. The
transposon is the same as pB_hFIXco/IRmicro, €Xcept for the transgene which is codon-

optimized human FIX containing the Padua mutation (hFIXco-R338L). (D) Schematic
representation of the hyperactive piggyBac transposase (hyPBase) plasmid. The hyperactive
piggyBac transposase (hyPBase) driven by the cytomegalovirus (CMV) promoter is cloned
upstream of a B-globin intron (BGI). The hyperactiving mutations are indicated. Bovine growth
hormone polyadenylation site (bghpA) is also indicated. (E) Three months after transfection
with pB transposons pB_hFIXIA, pB_hFIXco, or pB_hFIXco-R338L, mice were subjected to
immunization with recombinant hFIX antigen and adjuvant. Anti-hFIX specific antibodies were
measured by ELISA at week 2 (black) and week 4 (grey) post-immunization (p.i). PBS-injected
hemophilia B mice that were immunized with recombinant hFIX and adjuvant were used as
positive control. Results are presented as mean * standard error of the mean. n.s. indicates
not significant, *: p < 0.05, *™: p < 0.01, ™ p < 0.001 (n = 3 mice/group). (F,G,H,l,J,K)
CB17/lcrTac/Prkdcscid mice were hydrodynamically transfected with 500 ng (F,H,J) or 50 ng
(G,1,K) of pB-hFiIXco (F-K), pB-hFIXcolIRmicro (H,1; triangle) or pB-hFIXcol/IRmut16 (J,K; triangle)
transposon plasmids along with 1000 ng (F,H,J) or 100 ng (G,I,K) mPB (triangle F,G) or hyPB-
expressing plasmid (F,G; square and H-K) or empty control plasmid (hatched lines). hFIX
expression was measured on plasma samples collected at the indicated times by a specific
ELISA assay. Results were presented as mean + standard error of the mean. n.s. indicates not
significant, *: p < 0.05, **: p <0.01, *™*: p < 0.001 (n = 3 mice/group).

DETAILED DESCRIPTION OF THE INVENTION
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[0019] The present invention will be described with respect to particular embodiments and with
reference to certain drawings but the invention is not limited thereto but only by the claims. Any
reference signs in the claims shall not be construed as limiting the scope. The drawings
described are only schematic and are non-limiting. In the drawings, the size of some of the
elements may be exaggerated and not drawn on scale for illustrative purposes.

[0020] Where the term "comprising" is used in the present description and claims, it does not
exclude other elements or steps. The term "comprising” also encompasses the more specific
embodiments defined as "consisting of" and "consisting essentially of".

[0021] Where an indefinite or definite article is used when referring to a singular noun e.g. "a"
or "an", "the", this includes a plural of that noun unless something else is specifically stated.
Furthermore, the terms first, second, third and the like in the description and in the claims, are
used for distinguishing between similar elements and not necessarily for describing a
sequential or chronological order.

[0022] It is to be understood that the terms so used are interchangeable under appropriate
circumstances and that the embodiments of the invention described herein are capable of
operation in other sequences than described or illustrated herein.

[0023] The following terms or definitions are provided to aid in the understanding of the
invention. Unless specifically defined herein, all terms used herein have the same meaning as
they would to one skilled in the art of the present invention. Practitioners are particularly
directed to Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring
Harbor Press, Plainsview, New York (1989); and Ausubel et al., Current Protocols in Molecular
Biology (Supplement 47), John Wiley & Sons, New York (1999), for definitions and terms of the
art.

[0024] The definitions provided herein should not be construed to have a scope less than
understood by a person of ordinary skill in the art.

[0025] The term "coagulation factor IX" has the meaning as known in the art. Synonyms of
coagulation factor IX are "FIX" or "Christmas factor" or "F9" and can be used interchangeably.
In particular, the term "coagulation factor IX" encompasses the human protein encoded by the
mRNA sequence as defined in Genbank accession number NM_000133.

[0026] Preferably, said FIX is a mutated FIX, which is hyperactive or hyper-functional as
compared to the wild type FIX. Modifying functional activity of human coagulation factor can be
done by bioengineering e.g. by introduction of point mutations. By this approach a hyperactive
R338A variant was reported, which showed a 3 fold increased clotting activity compared to the
wild type human FIX in an in vitro activated partial thromboplastin time assay (APPT) (Chang et
al., 1998) and a 2 to 6-fold higher specific activity in hemophilia B mice transduced with the
mutant FIX gene (Schuettrumpf et al., 2005). Further exemplary FIX point-mutants or domain
exchange mutants with even higher clotting activities have been described: FIX, with the EGF-
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1 domain replaced with the EGF-1 domain from FVII, alone or in combination with a R338A
point mutation (Brunetti-Pierri et al., 2009), the V86A/E277A/R338A triple mutant (Lin et al.,
2010), the Y259F, K265T, and/or Y345T single, double or triple mutants (Milanov, et al., 2012),
and the G190V point mutant (Kao et al., 2010). The FIX mutant may be the one described by
Simioni et al., in 2009 and denominated as the "factor IX Padua" mutant, causing X-linked
thrombophilia. Said mutant factor 1X is hyperactive and carries an R338L amino acid
substitution. The FIX transgene used in expression vector described herein may encode the
human FIX protein, most preferably the FIX transgene encodes for the Padua mutant of the
human FIX protein.

[0027] The term "coagulation factor VIII" has the meaning as known in the art. Synonyms of
coagulation factor VIII are "FVIII" or "anti-hemophilic factor" or "AHF" and can be used
interchangeably herein. The term "coagulation factor VIII" encompasses, for example, the
human protein having the amino acid sequence as defined in Uniprot accession number
P00451.

[0028] Said FVIII may be a FVIII wherein the B domain is deleted (i.e. B domain deleted FVIII,
also referred to as BDD FVIII or FVIIIAB herein). The term "B domain deleted FVIII"
encompasses for example, but without limitation, FVIII mutants wherein whole or a part of the
B domain is deleted and FVIII mutants wherein the B domain is replaced by a linker. Non-
limiting examples of B domain deleted FVIII are described in Ward et al. (2011) and WO
2011/005968.

[0029] Said FVIII may be B domain deleted FVIII wherein the B domain is replaced by a linker
having the following sequence: SFSQNPPVLTRHQR (SEQ ID NO: 16) (i.e. SQ FVIII as defined
in Ward et al. (2011)). In particularl, said FVIIIl may have SEQ ID NO:7 (i.e. codon-optimized B
domain deleted human FVIII or hFVIlicopt), as disclosed also in WO 2011/0059.

[0030] A "regulatory element" as used herein refers to transcriptional control elements, in
particular non-coding cis-acting transcriptional control elements, capable of regulating and/or
controlling transcription of a gene, in particular tissue-specific transcription of a gene.
Regulatory elements comprise at least one transcription factor binding site (TFBS), more in
particular at least one binding site for a tissue-specific transcription factor, most particularly at
least one binding site for a liver-specific transcription factor. Typically, regulatory elements as
used herein increase or enhance promoter-driven gene expression when compared to the
transcription of the gene from the promoter alone, without the regulatory elements. Thus,
regulatory elements particularly comprise enhancer sequences, although it is to be understood
that the regulatory elements enhancing transcription are not limited to typical far upstream
enhancer sequences, but may occur at any distance of the gene they regulate. Indeed, it is
known in the art that sequences regulating transcription may be situated either upstream (e.g.
in the promoter region) or downstream (e.g. in the 3'UTR) of the gene they regulate in vivo,
and may be located in the immediate vicinity of the gene or further away. Of note, although
regulatory elements as disclosed herein typically are naturally occurring sequences,
combinations of (parts of) such regulatory elements or several copies of a regulatory element,
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i.e. non-naturally occurring sequences, are themselves also envisaged as regulatory element.
Regulatory elements as used herein may be part of a larger sequence involved in
transcriptional control, e.g. part of a promoter sequence. However, regulatory elements alone
are typically not sufficient to initiate transcription, but require a promoter to this end.

[0031] The regulatory elements contained in the nucleic acid expression cassettes and vectors
disclosed herein are preferably liver-specific. Non-limiting examples of liver-specific regulatory
elements are disclosed in WO 2009/130208.

[0032] The regulatory element in the nucleic acid expression cassettes and vectors disclosed
herein is preferably a liver-specific regulatory element derived from the serpin gene promotor.
Siad regulatory element comprises the sequence as defined in SEQ ID NO:8, a sequence
having at least 85%, preferably at least 90%, more preferably at least 95%, such as 96%, 97 %,
98% or 99%, identity to said sequence, or a functional fragment thereof. Said regulatory

element is herein referred to as "the Serpin enhancer", "SerpEnh", or "Serp".

[0033] The regulatory element in the nucleic acid expression cassettes and vectors disclosed
herein can consist of the sequence defined by SEQ ID NO:8 (i.e. the Serpin enhancer, also
called "SerpEnh", or "Serp" herein).

[0034] 'Liver-specific expression', as used in the application, refers to the preferential or
predominant expression of a (trans)gene (as RNA and/or polypeptide) in the liver as compared
to other tissues. At least 50% of the (trans)gene expression may occur within the liver. More
particularly, at least 60%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 97%, at least 99% or 100% of the (trans)gene expression may occur
within the liver. Liver-specific expression may entail that there is no 'leakage’ of expressed
gene product to other organs, such as spleen, muscle, heart and/or lung. The same applies
mutatis mutandis for hepatocyte-specific expression, which may be considered as a particular
form of liver-specific expression. Throughout the application, where liver-specific is mentioned
in the context of expression, hepatocyte-specific expression is also explicitly envisaged.
Similarly, where tissue-specific expression is used in the application, cell-type specific
expression of the cell type(s) predominantly making up the tissue is also envisaged.

[0035] The term "functional fragment" as used in the application refers to fragments of the
sequences disclosed herein that retain the capability of regulating liver-specific expression, i.e.
they still confer tissue specificity and they are capable of regulating expression of a (trans)gene
in the same way (although possibly not to the same extent) as the sequence from which they
are derived. Fragments comprise at least 10 contiguous nucleotides from the sequence from
which they are derived. In further particular embodiments, fragments comprise at least 15, at
least 20, at least 25, at least 30, at least 35 or at least 40 contiguous nucleotides from the
sequence from which they are derived.

[0036] As used herein, the term "nucleic acid expression cassette" refers to nucleic acid
molecules that include one or more transcriptional control elements (such as, but not limited to
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promoters, enhancers and/or regulatory elements, polyadenylation sequences, and introns)
that direct (trans)gene expression in one or more desired cell types, tissues or organs.
Typically, they will also contain the FIX transgene or the FVIII transgene as defined herein.

[0037] The term "operably linked" as used herein refers to the arrangement of various nucleic
acid molecule elements relative to each such that the elements are functionally connected and
are able to interact with each other. Such elements may include, without limitation, a promoter,
an enhancer and/or a regulatory element, a polyadenylation sequence, one or more introns
and/or exons, and a coding sequence of a gene of interest to be expressed (i.e., the
transgene). The nucleic acid sequence elements, when properly oriented or operably linked,
act together to modulate the activity of one another, and ultimately may affect the level of
expression of the transgene. By modulate is meant increasing, decreasing, or maintaining the
level of activity of a particular element. The position of each element relative to other elements
may be expressed in terms of the 5' terminus and the 3' terminus of each element, and the
distance between any particular elements may be referenced by the number of intervening
nucleotides, or base pairs, between the elements.

[0038] As used in the application, the term "promoter" refers to nucleic acid sequences that
regulate, either directly or indirectly, the transcription of corresponding nucleic acid coding
sequences to which they are operably linked (e.g. a transgene or endogenous gene). A
promoter may function alone to regulate transcription or may act in concert with one or more
other regulatory sequences (e.g. enhancers or silencers). In the context of the present
application, a promoter is typically operably linked to regulatory elements to regulate
transcription of a transgene.

[0039] When a regulatory element as described herein is operably linked to both a promoter
and a transgene, the regulatory element can (1) confer a significant degree of liver specific
expression in vivo (and/or in hepatocytes/ hepatic cell lines in vitro) of the transgene, and/or (2)
can increase the level of expression of the transgene in the liver (and/or in
hepatocytes/hepatocyte cell lines in vitro).

[0040] The promoter contained in the nucleic acid expression cassettes and vectors disclosed
herein may be a liver-specific promoter. In particular, the liver-specific promoter may be from
the transthyretin (TTR) gene. More particularly, the TTR promoter may be a minimal promoter
(also referred to as TTRm, mTTR or TRRmin herein), most particularly the minimal TTR
promoter as defined in SEQ ID NO: 9.

[0041] The promoter in the nucleic acid expression cassettes and vectors disclosed herein
may be a minimal promoter.

[0042] A 'minimal promoter' as used herein is part of a full-size promoter still capable of driving
expression, but lacking at least part of the sequence that contributes to regulating (e.g. tissue-
specific) expression. This definition covers both promoters from which (tissue-specific)
regulatory elements have been deleted- that are capable of driving expression of a gene but
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have lost their ability to express that gene in a tissue-specific fashion and promoters from
which (tissue-specific) regulatory elements have been deleted that are capable of driving
(possibly decreased) expression of a gene but have not necessarily lost their ability to express
that gene in a tissue-specific fashion. Minimal promoters have been extensively documented in
the art, a non-limiting list of minimal promoters is provided in the specification.

[0043] Typically, the nucleic acid expression cassette in the expression vector described herein
comprises a plasmid origin, a promotor and/or enhancer, a (trans)gene, a transcription
terminator, and a selection gene.

[0044] The nucleic acid expression cassette in the expression vector described herein may
comprise the following elements:

e a plasmid origin such as the f1 origin,

* an Inverted Terminal Repeat sequence (ITR), sometimes mutated,

* an enhancer, preferably the Serpin enhancer ("Serp" or "SerpEnh"),

» a promoter, preferably the minimal TTR promoter (TTRm),

e the MVM intron,

e a (trans)gene, preferably a codon-optimized transgene

» a transcription terminator, preferably a polyadenylation signal such as the bGHpA,
« an Inverted Terminal Repeat sequence (ITR),

e a selection gene (e.g. an antibiotic resistance gene such as an ampicilin resistance
gene), and

a plasmid origin such as the pBR322 origin.

[0045] The cloning of the MVM intron into a nucleic acid expression cassette described herein
was shown to unexpectedly high expression levels of the transgene operably linked thereto.

[0046] For example, said nucleic acid expression cassette in the expression vector comprises
the following elements (cf. Figure 1):

* an plasmid origin such as the f1 origin,

« an Inverted Terminal Repeat sequence (ITR), sometimes mutated,

¢ an enhancer, preferably the Serpin enhancer ("Serp" or "SerpEnh"),

* a promoter, preferably the minimal TTR promoter (TTRm),

e an intron sequence, preferably the MVM intron,

» a (trans)gene, preferably the FIX encoding gene, or its Padua mutant form,

» a transcription terminator, preferably a polyadenylation signal such as the bGHpA,
¢ an Inverted Terminal Repeat sequence (ITR),

e a selection gene (e.g. an antibiotic resistance gene such as an ampicilin resistance
gene), and

a plasmid origin such as the pBR322 origin.
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[0047] The combination of said elements results in an unexpectedly high expression level of
FIX and in particular of the Padua mutant thereof in the liver of subjects. Preferably, the vector
is an adeno-associated virus-derived vector, in combination with the Padua-mutant FIX gene.

[0048] In another example, said nucleic acid expression cassette in the vector comprises the
following elements:

a plasmid origin, such as the f1 Origin,

* an Inverted Terminal Repeat sequence (ITR), optionally mutated,

 a liver-specific regulatory element, preferably the Serpin enhancer,

e a promoter, preferably the minimal TTR promoter,

* an intron sequence, preferably the MVM intron,

e a (trans)gene, preferably codon-optimized factor VIII cDNA, even more preferably
codon-optimized B domain deleted factor VIII cDNA,

e a transcription terminator, preferably a polyadenylation signal such as the Simian
vacuolating virus 40 or Simian virus 40 (SV40) polyadenylation signal,

* an Inverted Terminal Repeat sequence (ITR),

e a selection gene (e.g. an antibiotic resistance gene such as an ampicilin resistance

gene), and

a plasmid origin, such as the pBR322 origin.

[0049] The combination of said elements results in an unexpectedly high expression level of
FVIII specifically in the liver of subjects. Preferably, the vector is an adeno-associated
virus(AAV)-derived vector in combination with codon-optimized B domain deleted FVIII cDNA.

[0050] For example, said nucleic acid expression cassette in the vectors disclosed herein
comprises:

» a liver-specific regulatory element, preferably the Serpin enhancer,

e a promoter, preferably the minimal TTR promoter,

e the MVM intron

» a (trans)gene, preferably a codon-optimized transgene

e a transcription terminator, preferably a polyadenylation signal such as the bovine growth
hormone polyadenylation signal.

[0051] In another example, said nucleic acid expression cassette in the vectors disclosed
herein comprises:

« a liver-specific regulatory element, preferably the Serpin enhancer,
e a promoter, preferably the minimal TTR promoter,



DK/EP 2911687 T3

e an intron sequence, preferably the MVM intron,

» a (trans)gene, preferably codon-optimized factor IX cDNA, even more preferably codon-
optimized factor IX Padua cDNA,

» a transcription terminator, preferably a polyadenylation signal such as the bovine growth
hormone polyadenylation signal,

[0052] In yet another example, said nucleic acid expression cassette in the vectors disclosed
herein comprises:

a liver-specific regulatory element, preferably the Serpin enhancer,

a promoter, preferably the minimal TTR promoter,

e an intron sequence, preferably the MVM intron,

e a (trans)gene, preferably codon-optimized factor VIII cDNA, even more preferably
codon-optimized B domain deleted factor VIII cDNA,

e a transcription terminator, preferably a polyadenylation signal such as the Simian

vacuolating virus 40 or Simian virus 40 (SV40) polyadenylation signal,

[0053] The term "transgene" or "(trans)gene" as used herein refers to particular nucleic acid
sequences encoding a polypeptide or a portion of a polypeptide to be expressed in a cell into
which the nucleic acid sequence is inserted. However, it is also possible that transgenes are
expressed as RNA, typically to lower the amount of a particular polypeptide in a cell into which
the nucleic acid sequence is inserted. These RNA molecules include but are not limited to
molecules that exert their function through RNA interference (shRNA, RNAi), micro-RNA
regulation (miR), catalytic RNA, antisense RNA, RNA aptamers, etc. How the nucleic acid
sequence is introduced into a cell is not essential to the invention, it may for instance be
through integration in the genome or as an episomal plasmid. Of note, expression of the
transgene may be restricted to a subset of the cells into which the nucleic acid sequence is
inserted. The term 'transgene' is meant to include (1) a nucleic acid sequence that is not
naturally found in the cell (i.e., a heterologous nucleic acid sequence); (2) a nucleic acid
sequence that is a mutant form of a nucleic acid sequence naturally found in the cell into which
it has been introduced ; (3) a nucleic acid sequence that serves to add additional copies of the
same (i.e., homologous) or a similar nucleic acid sequence naturally occurring in the cell into
which it has been introduced ; or (4) a silent naturally occurring or homologous nucleic acid
sequence whose expression is induced in the cell into which it has been introduced. By 'mutant
form' is meant a nucleic acid sequence that contains one or more nucleotides that are different
from the wild-type or naturally occurring sequence, i.e., the mutant nucleic acid sequence
contains one or more nucleotide substitutions, deletions, and/or insertions. In some cases, the
transgene may also include a sequence encoding a leader peptide or signal sequence such
that the transgene product will be secreted from the cell.

[0054] The term 'vector' as used in the application refers to nucleic acid molecules, usually
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double- stranded DNA, which may have inserted into it another nucleic acid molecule (the
insert nucleic acid molecule) such as, but not limited to, a cDNA molecule. The vector is used
to transport the insert nucleic acid molecule into a suitable host cell. A vector may contain the
necessary elements that permit transcribing the insert nucleic acid molecule, and, optionally,
translating the transcript into a polypeptide. The insert nucleic acid molecule may be derived
from the host cell, or may be derived from a different cell or organism. Once in the host cell,
the vector can replicate independently of, or coincidental with, the host chromosomal DNA, and
several copies of the vector and its inserted nucleic acid molecule may be generated.

[0055] The term "vector" may thus also be defined as a gene delivery vehicle that facilitates
gene transfer into a target cell. This definition includes both non-viral and viral vectors. Non-
viral vectors include but are not limited to cationic lipids, liposomes, nanoparticles, PEG, PEI,
etc. Viral vectors are derived from viruses including but not limited to: retrovirus, lentivirus,
adeno- associated virus, adenovirus, herpesvirus, hepatitis virus or the like. Typically, but not
necessarily, viral vectors are replication-deficient as they have lost the ability to propagate in a
given cell since viral genes essential for replication have been eliminated from the viral vector.
However, some viral vectors can also be adapted to replicate specifically in a given cell, such
as e.g. a cancer cell, and are typiclly used to trigger the (cancer) cell-specific (onco)lysis.

[0056] Preferred vectors are derived from adeno-associated virus, adenovirus, retroviruses
and Antiviruses. Alternatively, gene delivery systems can be used to combine viral and non-
viral components, such as nanoparticles or virosomes (Yamada et al., 2003). Retroviruses and
Antiviruses are RNA viruses that have the ability to insert their genes into host cell
chromosomes after infection. Retroviral and lentiviral vectors have been developed that lack
the genes encoding viral proteins, but retain the ability to infect cells and insert their genes into
the chromosomes of the target cell (Miller, 1990; Naldini et al., 1996, VandenDriessche et al.,
1999). The difference between a lentiviral and a classical Moloney-murine leukemia-virus
(MLV) based retroviral vector is that lentiviral vectors can transduce both dividing and non-
dividing cells whereas MLV-based retroviral vectors can only transduce dividing cells.

[0057] Adenoviral vectors are designed to be administered directly to a living subject. Unlike
retroviral vectors, most of the adenoviral vector genomes do not integrate into the
chromosome of the host cell. Instead, genes introduced into cells using adenoviral vectors are
maintained in the nucleus as an extrachromosomal element (episome) that persists for an
extended period of time. Adenoviral vectors will transduce dividing and nondividing cells in
many different tissues in vivo including airway epithelial cells, endothelial cells, hepatocytes
and various tumors (Trapnell, 1993; Chuah et al., 2003). Another viral vector is derived from
the herpes simplex virus, a large, double-stranded DNA virus. Recombinant forms of the
vaccinia virus, another dsDNA virus, can accommodate large inserts and are generated by
homologous recombination.

[0058] Adeno-associated virus (AAV) is a small ssDNA virus which infects humans and some
other primate species, not known to cause disease and consequently causing only a very mild
immune response. AAV can infect both dividing and non-dividing cells and may incorporate its
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genome into that of the host cell. These features make AAV a very attractive candidate for
creating viral vectors for gene therapy, although the cloning capacity of the vector is relatively
limited. Preferably, the vector used is therefore derived from adeno-associated virus (i.e. AAV
vector).

[0059] Different serotypes of AAVs have been isolated and characterized, such as, for example
AAV serotype 2, AAV serotype 5, AAV serotype 8, and AAV serotype 9, and all AAV serotypes
are contemplated herein. Preferably, the vector used is AAV serotype 9.

[0060] The AAV vectors disclosed herein may be single-stranded (i.e. ssAAV vectors) or self-
complementary (i.e. scAAV vectors). In particular, AAV vectors that comprise a FIX transgene
as disclosed herein are preferably self-complementary, and AAV vectors that comprise a FVIII
transgene as disclosed herein are preferably single-stranded. With the term “self-
complementary AAV" is meant herein a recombinant AAV-derived vector wherein the coding
region has been designed to form an intra-molecular double-stranded DNA template.

[0061] Gene therapy with adeno-associated viral vectors disclosed herein was shown to
induce immune tolerance towards the transgene comprised in the vector.

[0062] The vector can also be a transposon-based vector. Preferably, said transposon-based
vectors are derived from Sleeping Beauty (SB) or PiggyBac (PB). A preferred SB transposon
has been described in Ivics et al. (1997).

[0063] Said transposon-based vectors may comprise the nucleic acid expression cassettes
disclosed herein.

[0064] Said transposon-based vectors can be PiggyBac-based transposons. Such vectors are
safe in that they do no enhance the tumorigenic risk. Furthermore, liver-directed gene therapy
with these vectors was shown to induce immune tolerance towards the transgene, in particular
hFIX, comprised in the vector.

[0065] Said PiggyBac-based vectors may comprise micro inverted repeats, preferably inverted
repeats having SEQ ID NO:29 and SEQ ID NO:30. With "micro inverted repeats" is meant
herein inverted repeats wherein the majority of the native sequence has been removed.
Exemplary micro inverted repeats have been described in Meir et al. (2011. BMC
Biotechnology 11:28) and are characterized by the sequences
ttaaccctagaaagataatcatatigtgacgtacgttaaagataatcatgcgtaaaattgacgcatg (SEQ ID NO:29) and
gcatgcgtcaattttacgcagactatctttictagggttaa (SEQ ID NO:30). Such micro inverted repeats
advantageously increase the expression level of the transgene comprised in the vector.

[0066] For example, said transposon-based vector is a PiggyBac-based transposon
comprising the Serpin enhancer, the minimal transthyretin promoter, the minute virus of mouse
intron, the codon-optimized human FIX Padua mutant, and the bovine growth hormone
polyadenylation signal, such as, e.g., the transposon defined by SEQ ID NO:15. Said
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transposon-based vector may further comprise micro inverted repeats.

[0067] In another example, said transposon-based vector is a PiggyBac-based transposon
comprising the Serpin enhancer, the minimal transthyretin promoter, the minute virus of mouse
intron, codon-optimized human FIX cDNA, and the bovine growth hormone polyadenylation
signal, such as, e.g., the transposon defined by SEQ ID NO:14. Said transposon-based vector
may further comprise micro inverted repeats.

[0068] In another example, said transposon-based vector is a PiggyBac-based transposon
comprising the Serpin enhancer, the minimal transthyretin promoter, the minute virus of mouse
intron, a codon-optimized human B domain deleted FVIII cDNA, and the SV40 polyadenylation
signal, such as, e.g., the transposon defined by SEQ ID NO:13. Said transposon-based vector
may further comprises micro inverted repeats.

[0069] In yet another example, said transposon-based vector is a Sleeping Beauty-based
transposon comprising the Serpin enhancer, the minimal transthyretin promoter, the minute
virus of mouse intron, codon-optimized human FIX cDNA, and the bovine growth hormone
polyadenylation signal (Fig. 8l).

[0070] The transposon-based vectors disclosed herein are preferably administered in
combination with a vector encoding a transposase for gene therapy. For example, the
PiggyBac-derived transposon-based vector can be administered with wild-type PiggyBac
transposase (Pbase) or mouse codon-optimized PiggyBac transposase (mPBase) Preferably,
said transposases are hyperactive transposases, such as, for example, SBmax transposase
and hyperactive PB (hyPB) transposase containing seven amino acid substitutions (I30V,
S103P, G165S, M282V, S509G, N538K, N570S) as described in Yusa et al. (2011).

[0071] Transposon/transposase constructs can be delivered by hydrodynamic injection or
using non-viral nanoparticles to transfect hepatocytes.

[0072] The nucleic acid regulatory elements, the nucleic acid expression cassettes and the
vectors described herein can be used in gene therapy. Gene therapy protocols, intended to
achieve therapeutic gene product expression in target cells, in vitro, but also particularly in
vivo, have been extensively described in the art. These include, but are not limited to,
intramuscular injection of plasmid DNA (naked or in liposomes), interstitial injection, instillation
in airways, application to endothelium, intra-hepatic parenchyme, and intravenous or intra-
arterial administration (e.g. intra-hepatic artery, intra-hepatic vein). Various devices have been
developed for enhancing the availability of DNA to the target cell. A simple approach is to
contact the target cell physically with catheters or implantable materials containing DNA.
Another approach is to utilize needle-free, jet injection devices which project a column of liquid
directly into the target tissue under high pressure. These delivery paradigms can also be used
to deliver viral vectors. Another approach to targeted gene delivery is the use of molecular
conjugates, which consist of protein or synthetic ligands to which a nucleic acid-or DNA-
binding agent has been attached for the specific targeting of nucleic acids to cells (Cristiano et
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al., 1993).

[0073] In particular, the use of the nucleic acid regulatory elements, nucleic acid expression
cassettes or vectors as described herein is envisaged for gene therapy of liver cells. More
particularly, the use of the regulatory elements, expression cassettes or vectors is for gene
therapy in vivo. Even more particularly, the use is for a method of gene therapy to treat
hemophilia, in particular to treat hemophilia B or hemophilia A.

[0074] Gene transfer into mammalian hepatocytes has been performed using both ex vivo and
in vivo procedures. The ex vivo approach requires harvesting of the liver cells, in vitro
transduction with long-term expression vectors, and reintroduction of the transduced
hepatocytes into the portal circulation (Kay et al., 1992; Chowdhury et al., 1991). In vivo
targeting has been done by injecting DNA or viral vectors into the liver parenchyma, hepatic
artery, or portal vein, as well as via transcriptional targeting (Kuriyama et al., 1991, Kistner et
al., 1996). Recent methods also include intraportal delivery of naked DNA (Budker et al., 1996)
and hydrodynamic tail vein transfection (Liu et al., 1999; Zhang et al., 1999).

[0075] Methods for expressing a protein in liver cells are provided herein, comprising the steps
of introducing in liver cells the nucleic acid expression cassette (or a vector) as described
herein and expressing the transgene protein product in the liver cells. These methods may be
performed both in vitro and in vivo.

[0076] Methods of gene therapy for a subject in need thereof are also provided, comprising
the steps of introducing in the liver of the subject a nucleic acid expression cassette containing
a transgene encoding a therapeutic protein, and expressing a therapeutic amount of the
therapeutic protein in the liver. The method may further comprise the steps of introducing in the
liver of the subject a vector comprising the nucleic acid expression cassette containing a
transgene encoding a therapeutic protein, and expressing a therapeutic amount of the
therapeutic protein in the liver. For example, the therapeutic protein encoded by the transgene
in the nucleic acid expression cassette is factor 1X, and the method is a method for treating
hemophilia B. By expressing factor IX in the liver via gene therapy, hemophilia B can be treated
(Snyder et al., 1999).

[0077] In another example, the therapeutic protein encoded by the transgene in the nucleic
acid expression cassette is factor VIII, and the method is a method for treating hemophilia A.

[0078] Except when noted differently, the terms "subject" or "patient" are used interchangeably
and refer to animals, preferably vertebrates, more preferably mammals, and specifically
includes human patients and non-human mammals. "mammalian” subjects include, but are not
limited to, humans, domestic animals, commercial animals, farm animals, zoo animals, sport
animals, pet and experimental animals such as dogs, cats, guinea pigs, rabbits, rats, mice,
horses, cattle, cows; primates such as apes, monkeys, orang-utans, and chimpanzees; canids
such as dogs and wolves; felids such as cats, lions, and tigers; equids such as horses,
donkeys, and zebras; food animals such as cows, pigs, and sheep; ungulates such as deer
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and giraffes; rodents such as mice, rats, hamsters and guinea pigs; and so on. Accordingly,
"subject" or "patient" as used herein means any mammalian patient or subject to which the
compositions described herein can be administered. Preferred patients or subjects are human
subjects.

[0079] As used herein, the terms "treat" or "treatment” refer to both therapeutic treatment and
prophylactic or preventative measures, wherein the object is to prevent or slow down (lessen)
an undesired physiological change or disorder, such as the development or spread of
proliferative disease, e.g., cancer. Beneficial or desired clinical results include, but are not
limited to, alleviation of symptoms, diminishment of extent of disease, stabilised (i.e., not
worsening) state of disease, delay or slowing of disease progression, amelioration or palliation
of the disease state, and remission (whether partial or total), whether detectable or
undetectable. "Treatment" can also mean prolonging survival as compared to expected
survival if not receiving treatment.

[0080] As used herein, a phrase such as "a subject in need of treatment" includes subjects,
such as mammalian subjects, that would benefit from treatment of a given condition, such as,
hemophilia B. Such subjects will typically include, without limitation, those that have been
diagnosed with the condition, those prone to have or develop the said condition and/or those in
whom the condition is to be prevented.

[0081] The term "therapeutically effective amount” refers to an amount of a compound or
pharmaceutical composition effective to treat a disease or disorder in a subject, i.e., to obtain a
desired local or systemic effect and performance.The term may imply that levels of factor IX in
plasma equal to or higher than the therapeutic threshold concentration of 10mU/mI (milli-units
per milliliter) plasma, 50mU/ml plasma, 100mU/ml plasma, 150mU/ml or 200mU/ml plasma in a
subject can be obtained by transduction or transfection of the vector described herein into a
subject. Due to the very high efficiency of the vector and nucleic acid expression cassette
described herein, this high physiological level of factor 1X in the subject can be obtained even
by administering relatively low doses of vector.The term can also imply that levels of factor VIl
in plasma equal to or higher than the therapeutic threshold concentration of 10mU/ml (milli-
units per milliliter) plasma, 50mU/ml plasma, 100mU/ml plasma, 150mU/ml plasma, 200mU/ml
plasma or higher can be obtained by transduction or transfection of any of the vectors
disclosed herein into a subject. Due to the very high efficiency of the vectors and nucleic acid
expression cassettes disclosed herein, these high physiological levels of factor VIl in the
subject can be obtained even by administering relatively low doses of vector. The term thus
refers to the quantity of compound or pharmaceutical composition that elicits the biological or
medicinal response in a tissue, system, animal, or human that is being sought by a researcher,
veterinarian, medical doctor or other clinician, which includes alleviation of the symptoms of the
hemophilia being treated. In particular, these terms refer to the quantity of compound or
pharmaceutical composition which is necessary to prevent, cure, ameliorate, or at least
minimize the clinical impairment, symptoms, or complications associated with hemophilia, in
particular hemophilia B or hemophila A, in either a single or multiple dose.
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[0082] In particular, the transduction of the vector defined herein into the subject can be done

at a dose lower than 2x10"" vg/kg (viral genomes per kilogram) to obtain a physiological factor
IX level of 10mU/ml plasma or of 50mU/ml plasma in a subject.

[0083] Alternatively, if a level of factor IX of 100 mU/ml plasma needs to be reached in a
subject, the transduction of the vector defined herein into the subject can be done at a dose

lower than or equal to 6x10™" vg/kg.

[0084] Further, if a level of factor IX equal to 150 mU/mI plasma or higher needs to be
reached, the transduction of the vector defined herein into the subject can be done at a dose

lower than or equal than 2x10'2 vg/kg. A level of factor IX of 200 mU/mI plasma or higher can
be reached in a subject, when the transduction of the vector defined herein into the subject is

done at a dose lower than or equal to 2x10'2 vg/kg.

[0085] The transduction of the vector defined herein into the subject can be done at a dose

lower than or equal to 2x1012

to 1x1012 vg/kg, 5x10" vg/kg, 2.5x10™" vg/kg, 1x10™ vg/kg, 5x1010 vg/kg, 1x1010 vg/kg, 5x109

vg/kg (viral genomes per kilogram), such as lower than or equal

vglkg, or 1x109 vg/kg preferably at a dose lower than or equal to 2.5x10"" vg/kg, to obtain a
physiological factor VIl level of 10 mU/ml plasma, 50 mU/ml plasma, 100 mU/ml plasma, 150
mU/ml plasma, 200 mU/ml plasma, or higher in a subject.

[0086] For hemophilia therapy, efficacy of the treatment can, for example, be measured by
assessing the hemophilia-caused bleeding in the subject. In vitro tests such as, but not limited
to the in vitro actived partial thromboplastin time assay (APPT), test factor IX chromogenic
activity assays, blood clotting times, factor IX or human factor VllI-specific ELISAs are also
available. Any other tests for assessing the efficacy of the treatment known in the art can of
course be used.

[0087] The compound or the pharmaceutical composition described herein may be used alone
or in combination with any of the know hemophilia therapies, such as the administration of
recombinant or purified clotting factors. The compound or the pharmaceutical composition
described herein can thus be administered alone or in combination with one or more active
compounds. The latter can be administered before, after or simultaneously with the
administration of the said agent(s).

[0088] Further disclosed herein are pharmaceutical preparations which comprise a
therapeutically effective amount of the expression vector as defined herein, and a
pharmaceutically acceptable carrier, i.e., one or more pharmaceutically acceptable carrier
substances and/or additives, e.g., buffers, carriers, excipients, stabilisers, etc. The term
"pharmaceutically acceptable" as used herein is consistent with the art and means compatible
with the other ingredients of a pharmaceutical composition and not deleterious to the recipient
thereof. The term "pharmaceutically acceptable salts" as used herein means an inorganic acid
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addition salt such as hydrochloride, sulfate, and phosphate, or an organic acid addition salt
such as acetate, maleate, fumarate, tartrate, and citrate. Examples of pharmaceutically
acceptable metal salts are alkali metal salts such as sodium salt and potassium salt, alkaline
earth metal salts such as magnesium salt and calcium salt, aluminum salt, and zinc salt.
Examples of pharmaceutically acceptable ammonium salts are ammonium salt and
tetramethylammonium salt. Examples of pharmaceutically acceptable organic amine addition
salts are salts with morpholine and piperidine. Examples of pharmaceutically acceptable amino
acid addition salts are salts with lysine, glycine, and phenylalanine. The pharmaceutical
composition described herein can be administered orally, for example in the form of pills,
tablets, lacquered tablets, sugar-coated tablets, granules, hard and soft gelatin capsules,
aqueous, alcoholic or oily solutions, syrups, emulsions or suspensions, or rectally, for example
in the form of suppositories. Administration can also be carried out parenterally, for example
subcutaneously, intramuscularly or intravenously in the form of solutions for injection or
infusion. Other suitable administration forms are, for example, percutaneous or topical
administration, for example in the form of ointments, tinctures, sprays or transdermal
therapeutic systems, or the inhalative administration in the form of nasal sprays or aerosol
mixtures, or, for example, microcapsules, implants or rods. The pharmaceutical composition
can be prepared in a manner known per se to one of skill in the art. For this purpose, the
expression vector as defined herein, one or more solid or liquid pharmaceutically acceptable
excipients and, if desired, in combination with other pharmaceutical active compounds, are
brought into a suitable administration form or dosage form which can then be used as a
pharmaceutical in human medicine or veterinary medicine.

[0089] A pharmaceutical composition is provided herein comprising a nucleic acid expression
cassette containing a transgene encoding a therapeutic protein, and a pharmaceutically
acceptable carrier. The pharmaceutical composition may comprise a vector containing the
nucleic acid expression cassette containing a transgene encoding a therapeutic protein, and a
pharmaceutically acceptable carrier. For example, the transgene encodes factor I1X and the
pharmaceutical composition is for treating hemophilia B or the transgene encodes factor VIiI
and the pharmaceutical composition is for treating hemophilia A.

[0090] The use of the nucleic acid expression cassette, its regulatory elements and the vector
components as disclosed herein for the manufacture of these pharmaceutical compositions for
use in treating hemophilia, preferably hemophilia B or hemophilia A, is also envisaged.

[0091] The following examples are provided to better illustrate particular embodiments, and
they should not be considered limiting the application. The application is limited only by the
claims.

EXAMPLES

Example 1: In vivo validation of liver-specific regulatory enhancer sequences
expressing hyper-active FIX via AAV vector gene delivery.
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Materials and methods

Vector construction

[0092] AAV-based vectors were constructed that express either the codon-optimized factor IX
or the codon-optimized factor IX with the Padua R338L mutation from the TTRm promoter
operably linked to the Serpin regulatory sequence. The Serpin regulatory sequence has been
identified and described under patent application WO2009/130208.

[0093] An intron and poly-A sequence were also provided. The full sequence of the construct
containing the codon-optimized factor IX is given in SEQ ID No.1 (Fig. 1B) and the construct
containing the codon-optimized factor IX with the Padua R338L mutation in SEQ ID No.2 (Fig.
1C). The vectors were constructed by conventional cloning and DNA synthesis. A schematic
overview of the AAV vector containing the codon-optimized huFIX is shown in Fig. 1A. The
vector with the Padua R338L is identical except for the specific R338L mutation that results in
FIX hyper-activity.

Cell lines and culture conditions

[0094] 293T cells were cultured in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 2 mM L-glutamine (GIn), 100 1U/ml penicillin, 100 pg/ml streptomycin and
10% heat-inactivated fetal bovine serum (FBS, Invitrogen, Merelbeke, Belgium).

AAV vector production

[0095] As an example, the AAV serotype 9 viral vector was chosen to package the construct,
known to be a promising vector for gene therapy (Vandendriessche et al. 2007). AAV vectors
expressing human FIX were produced at high-titer by calcium phosphate transfection
according to the manufacturer's instruction (Calcium phosphate transfection kit, Invitrogen) of
293 cells with AAV2-vector DNA (26 ug/10 cm dish), an adenoviral helper plasmid (52 pg/10
cm dish)and AAV helper plasmids expressing Rep2 and Cap9 (26 ug/10 cm dish) for
production of AAV9 serotypes, as described in Gao et al. (2002), Mingozzi et al. (2003) and
Gehrke (2003).

[0096] Two days post-transfection, cells were lysed by successive freeze-thaw cycles and
sonication. Lysates were treated with benzonase (Merck) and deoxycholate (Sigma-Aldrich)
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and subsequently subjected to three successive rounds of cesium chloride density
ultracentrifugation. The fractions containing the AAV particles were concentrated using an
Amicon filter (Millipore) and washed with PBS 1mM MgCI2. Vector genome titers were
determined by quantitative polymerase chain reaction (qPCR) using TagMan® probes and
primers specific for the polyadenylation signal (forward primer:
5'GCCTTCTAGTTGCCAGCCAT (SEQ ID No.3), probe: 5TGTTTGCCCCTCCCCCGTGC (SEQ
ID No.4), reverse primer: 5GGCACCTTCCAGGGTCAAG (SEQ ID No.5)).

Animal studies

[0097] Animal procedures were approved by the animal Ethical Commission of the VUB.
Animals were housed under Biosafety Level Il conditions. Mice were injected with the AAV9

vectors as described in Vandendriessche et al. (2007). Briefly, 10° vg, 5x10° vg, 2x10'0 vg
(vector genomes = vg) were injected (i.v.) into the tail vein of adult hemophilia B mice (3
mice/group). Blood was collected by retro-orbital bleeds under general anesthesia. Human FIX
expression was determined in citrated mouse plasma using a chromogenic FIX activity assay,
according to the manufacturer (Hyphen Biomed, Neuville-sur-Oise, France) using serially
diluted hFIX standards for calibration.

Results

[0098] AAV vectors expressing either the human codon-optimized FIX cDNA (designated as
AAV-co-hFIX in Fig. 2) or the human codon-optimized FIX-R338L cDNA (designated as AAV-
co-padua-hFIX in Fig. 2) from a chimeric liver-specific promoter (SerpEnh/TTRm) were
injected into FIX-deficient hemophilic mice that suffered from hemophilia B. A dose-response
was observed and the AAV vector expressing the codon-optimized FIX-R338L yielded
significantly higher FIX activity than the codon-optimzed FIX control without the hyper-
activating mutation. Remarkably, the AAV9-SerpEnh-TTRm-MVM-co-hFIX-R338L vector

reached therapeutic FIX levels at a relatively low dose (>50% of normal FIX levels at 1x10°
gc/mouse, >250% of normal FIX levels at 5x10° gc/mouse and >700% of normal FIX levels at

2x1010 gc/mouse after 5 days), which underscores its potency. These levels typically increase
more than 2-fold to stable levels in subsequent weeks, reaching respectively approximately

>100%, >500% and >1400% FIX at doses of respectively, 1x10°2 gc/mouse, 5x10° gc/mouse

and 2x10'0 gc/mouse. These levels were still increasing in subsequent days following vector
injection. Hence, this new vector produced unprecedented, high levels of human IX and can be
used at much lower doses than described in the art to cure hemophilia B in a clinically relevant
animal model.

Example 2: Enhanced, liver-specific expression of FIX via AAV vector gene delivery.
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Materials and methods

Vector constructs

[0099] A FIX construct comprising human FIX cDNA (hFIX), was cloned downstream of a liver-
specific minimal transthyretin (TTRm) promoter in an adeno-associated viral vector 9 (AAV9)
backbone. This vector was further improved to AAV9-SerpEnh-TTRm-hFIX, which comprised
an additional hepatocyte-specific regulatory element, namely the Serpin regulatory sequence
("Serp" or "SerpEnh"), upstream of the TTRm promoter. To improve the function of this vector,
a minute virus of mice (MVM) intron was cloned in between the TTRm promoter and the hFIX
transgene (AAV9-SerpEnh-TTRm-MVM-hFIX). Next, the hFIX transgene was codon-optimized
in order to augment the expression of the protein (AAV9-SerpEnh-TTRm-MVM-co-hFIX). A
further improvement encompassed a mutation, namely the R338L, Padua mutation (Fig. 3C),
of the co-hFIX fragment (AAV9-SerpEnh-TTRm-MVM-co-hFIX-R338L).

Vectors:

[0100]

¢ AAVI-TTRm-hFIX

e AAV9-SerpEnh-TTRm-hFIX

e AAV9-SerpEnh-TTRmM-MVM-hFIX

¢ AAV9-SerpEnh-TTRm-MVM-co-hFIX (Fig. 3B)

e AAV9-SerpEnh-TTRm-MVM-co-hFIX-R338L (Fig. 3A,C)

Vector production and purification

[0101] Calcium phosphate (Invitrogen Corp, Carlsbad, CA, USA) co-transfection of AAV-293
cells with the AAV plasmid of interest, a chimeric packaging construct and an adenoviral helper
plasmid, were used to produce AAV vectors as described in VandenDriessche T et al. (2007,
VandenDriessche T., Thorrez L, Acosta-Sanchez, Petrus |, Wang L, Ma L, De Waele L, lwasaki
Y, Giilljns V, Wilson JM, Collen D, Chuah MK; Efficacy and safety of adeno-associated viral
vectors based on serotype 8 and 9 vs. lentiviral vectors for hemophilia B gene therapy. J
Thromb Haemost, 2007. 5(1): p. 16-24), which is specifically incorporated by reference herein.
Cells were harvested two days after transfection and lysed by freeze/thaw cycles and
sonication, followed by bezonase (Novagen, Madison, WI, USA) and deoxycholic acid (Sigma-
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Aldrich, St Louis, MO, USA) treatments and 3 consecutive rounds of cesium chloride
(Invitrogen Corp, Carlsbad, CA, USA) density gradient ultracentrifugation. AAV vector
containing fractions were collected and concentrated in Dulbecco's phosphate buffered saline
(PBS) (Gibco, BRL) containing 1 mM MgClo.

[0102] Quantitative real-time PCR with SYBR® Green and primers for the bovine growth
hormone polyadenylation sequence (bGHpolyA) was used to determine vector titers. The
forward primer sequence was 5'-GCCTTCTAGTTGCCAGCCAT-3' (SEQ ID NO:3). The reverse
primer used was 5-GGCACCTTCCAGGGTCAAG-3' (SEQ ID NO:5). To generate standard

curves, known copy numbers (102-107) of the corresponding vector plasmids were used.

Animal experiments and clotting assays

[0103] Vector administration was carried out by tail vein injection on adult hemophilia B mice at

doses of 1x10%g/mouse, 5x10%g/mouse and 2x10'%g/mouse. Whole blood was collected
into buffered citrate by phlebotomy of the retro-orbital plexus. Human FIX antigen
concentration in citrated plasma was determined by enzyme-linked immunosorbent assay
(ELISA) specific for hFIX antigen (Diagnostica Stago, France) using manufacturer's protocol.
FIX activity was assessed using BIOPHEN Factor IX chromogenic assay (Hyphen BioMed,
Neuville-sur-Oise, France) according to the manufacturer's protocol. For both assays, serially
diluted hFIX standards were used for calibration.

[0104] D-dimer levels were determined by ELISA, according to the manufacturers instructions
(Hyphen Biomed, Neuville-sur-Oise, France).

[0105] Tail-clipping assay was performed. Mice were anesthetized and tail was placed in
prewarmed 37°C normal saline solution for 2 minutes and subsequently cut at 2-3 mm
diameter. Tail was then immediately placed in 37°C normal saline solution and monitored for
bleeding and survival.

Immunizations and detection of anti-FIX antibodies

[0106] Immunizations were carried out by subcutaneous injection of 5 ug of recombinant
human (rh)FIX protein (BeneFix, Pfizer, Italy) in incomplete Freund's adjuvant (IFA) (Sigma-
Aldrich, USA). Briefly, 96-well microtiter plates were coated with hFIX (1pg/ml) and serially
diluted standards made of purified mouse IgG (Invitrogen, Europe). The plate was incubated
overnight at 4° C. On day 2, the samples of mouse plasma were diluted in dilution buffer,
loaded on the pre-coated plates and incubated overnight at 4°C. Experimental plasma samples
were obtained from mice injected with AAV9-SerpEnh-TTRm-MVM-co-hFIX-R338L. Plasma
from phosphate-buffered saline (PBS)-injected mice immunized with rhFIX was used as
control. The plate was then incubated with horseradish peroxidase (HRP)-goat anti-mouse 1gG
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(Invitrogen, Europe) secondary antibody. Anti-hFIX antibody levels were measured following
incubation with detection buffer constituting 12ml 0.01M sodium citrate, 12mg o-
phenylenediamine and 2.5 pl hydrogen peroxide (Invitrogen, Europe). The chromogenic
reaction was monitored by determining the absorbance at 450 nm.

Vector DNA and mRNA quantification

[0107] Genomic DNA was extracted from different tissues using the DNeasy Blood & Tissue Kit
(Qiagen, Chatsworth, CA, USA). 100ng DNA was analyzed using qPCR ABI Prism 7900HT
(Applied Biosystems, Foster City/CA, USA) with bGHPolyA specific primers 5'-
GCCTTCTAGTTGCCAGCCAT-3' (SEQ ID NO:3) (forward) and 5'-
GGCACCTTCCAGGGTCAAG-3' (SEQ ID NO:4) (Reverse). To generate standard curves,
known copy numbers of the corresponding vector plasmid was used.

[0108] The mRNA was isolated from different organs using a NucleoSpin RNA extraction kit
(Machery-Nagel, Germany). Using a cDNA synthesis kit (Invitrogen corp, Carlsbad, CA, USA),
RNA from each organ was reverse transcribed to cDNA. cDNA was then analyzed by qPCR
ABI Prism 7900HT (Applied Biosystems, Foster City/CA, USA) using bGHPolyA specific primers
5-GCCTTCTAGTTGCCAGCCAT-3' (SEQ ID NO:3) (forward) and 5'-
GGCACCTTCCAGGGTCAAG-3' (SEQ ID NO:4) (Reverse). To expression levels were
normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA expression,
obtained by using the forward primer 5'-GAAGGTGAAGGTCGGAGTC-3' (SEQ ID NO:18) and
reverse primer 5'-GAAGATGGTGATGGGATTTC-3' (SEQ ID NO:19).

Statistics

[0109] Data were analyzed using Microsoft Excel Statistics package. Values shown in the
figures are the mean + SEM. Specific values were obtained by comparison using t-test.

Results

[0110] Figure 4 shows that administration of the AAV9-SerpEnh-TTRm-MVM-co-hFIX-R338L
vector to hemophilia B mice provides for significantly higher FIX levels and activity compared to
the AAV9-SerpEnh-TTRm-MVM-co-hFIX vector. The FIX response was dose-dependent.

Therapeutic FIX levels could be attained at relatively low vector doses of 1x10° vgc/mouse,

5x102 vgc/mouse, and 2x10'% vgc/mouse. Furthermore, these vector doses are safe as no
thrombolysis was observed (Fig. 4J). Figure 5 shows that FIX was specifically expressed in the
liver (Fig. 5 C-D), despite transduction of the vector in other organs (Fig. 5 A-B).

[0111] To further assess the clinical relevance of the AAV9-SerpEnh-TTRm-MVM-co-hFIX-
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R338L vector, a tail-clipping assay was performed on hemophilia B mice treated with 1x10°
vg/mouse of the vector (n=5). Wild-type (C57BL6) (n=4) and untreated hemophilia B (HemoB)
mice (n=4) were used as controls. Survival rate for each cohort was monitored and the FIX
clotting activity were analyzed. The results are summarized in Table 1 and show that
administration of the AAV9-SerpEnh-TTRm-MVM-co-hFIX-R338L vector allows for correcting
the bleeding phenotype.

Table 1: Tail-clipping assay

Survival FIX activity
Wild-type mice 4/4 -
untreated HemoB mice 0/4 0.0013%
treated HemoB mice 5/5 33%

[0112] To assess the immune consequences of expressing the hyper-functional FIX Padua at
high levels, the anti-FIX antibody response before and after active immunization with wild-type
FIX protein and adjuvant was analyzed. The results show that immune tolerance could be
achieved since none of the mice treated with the AAV9-SerpEnh-TTRm-MVM-co-hFIX-R338L
vectors developed anti-FIX antibodies, in contrast to the controls that were not treated with this
vector (Fig.4K).

Example 3: Liver-specific expression of FVIIl via AAV vector gene delivery.

Materials and methods

Vector construction

[0113] AAV-based vectors were constructed that express a codon-optimized B domain-deleted
human coagulation factor VIII (hFVllicopt) cDNA (Ward et al., 2011) from the minimal TTR
(TTRm) promoter operably linked to the nucleic acid regulatory element Serpin enhancer
("Serp" or "SerpEnh") described in WO 2009/130208, which is specifically incorporated by
reference herein. The codon-optimized B domain-deleted human FVIII cDNA was PCR
amplified and subcloned into a pGEM-T easy plasmid (Promega, Belgium) and after restriction
with Spel-BamHI, the FVIII cDNA was cloned into the Nhel-Bglll restricted pAAV-SerpEnh-
TTRm vector to generate AAV9ss-SerpEnh-TTRm-MVM-hFVIlicopt-SV40pA (also indicated as
AAVss-SerpTTRm-MVM-FVIlicopt-sv40pA herein). This vector also contained a small intron
from minute virus of mouse (MVM) to boost FVIII expression levels.

Vector production
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[0114] For titration of the AAV9ss-SerpEnh-TTRmM-MVM-hFVIlicopt-SV40pA vector, primers
binding the SV40 polyA region were used, including 5'-TGATGCTATTGCTTTATTTGTAACC-3'
(SEQ ID NO:20) as forward primer, 5'-CCTGAACCTGAAACATAAAATGA-3' (SEQ ID NO:21) as
reverse primer and 5'-FAM-AGCTGCAATAAACAAGTTAACAACAACAATTGCA-TAMRA-3' (SEQ

ID NO:22)as probe. Titers were achieved in the normal range of 2-5x10'2 vg/ml. Briefly,
reactions were performed in TagMan® Universal PCR Master Mix (Applied Biosystems, Foster
City,CA,USA), on an ABI 7500 Real-Time PCR System (Applied Biosystems, Foster

City,CA,USA). Known copy numbers (102-107) of the vector plasmid used to generate the AAV
vector were used to generate the standard curves.

Animal studies

[0115] The AAV9ss-SerpEnh-TTRm-MVM-hFVIllicopt-SV40pA vectors were injected
intravenously into adult male SCID mice (CB17/IcrTac/Prkdc scid) at a dose of 5x10°2 vg/mouse
or 2.5x10"vg/kg.

FVIIl expression analysis

[0116] Human (h) FVIII antigen levels were assayed in citrated mouse plasma using a hFVIlI-
specific enzyme-linked immunosorbent assay (ELISA) (Asserachrom® VIlII:Ag, Diagnostica
Stago, France), as per the manufacturer's instructions. Samples were diluted in sample diluent
provided and analyzed in triplicate. Standard curves in percentage FVIII antigen activity were
constructed by diluting normal control plasma. In brief, 200 ml diluted samples and standards
were pipetted into the wells of the strips pre-coated with mouse monoclonal anti-human FVIII
Fab fragments and incubated for 2 hours at room temperature for antigen immobilization. The
wells were then washed with the wash buffer for 5 times before adding 200 ml mouse
monoclonal anti-hFVIII  antibody coupled with peroxidase for immobilization of
immunoconjugate. After incubation for 2 hr at room temperature and washing, 200 ml of TMB
substrate was added to the wells for color development. This mixture was incubated at room
temperature for exactly 5 minutes. The reaction was then stopped by 50ml 1M H>SQO4 and then

read at 450 nm within 1h.

Results

[0117] High-titer AAV9ss-SerpEnh-TTRm-MVM-hFVIlicopt-SV40pA vectors expressing a
codon-optimized B-domain deleted human FVIII ¢cDNA (hFVllicopt) from a liver-specific
promoter (TTRm) operably linked to a regulatory element ("Serp" or "SerpEnh") could be
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produced with a total insert size of 4913 bp (excluding ITR) (Fig. 6). Intravenous injection of a

very low vector dose (5x102 vg/mouse) resulted in therapeutic FVIII levels approximating 421.8
+ 4.9 ng/ml (i.e. 210.9 + 3.1% of normal levels) (Fig. 7). To our knowledge, AAV9ss-SerpEnh-
TTRm-MVM-hFVIlicopt-SV40pA vector is the most robust AAV-FVIII vector design to date.

Example 4: Enhanced, liver-specific expression of FVIIl and FIX via transposon-based
gene delivery.

Materials and methods

[0118] The codon-optimized hyperactive PB transposase (huPB) was cloned into pcDNA3 and
expressed from the CAG promoter (Fig. 8A,B). The hyperactive SBmax transposase was
cloned into pcDNA3 and expressed from the CAG promoter (Fig. 8K,L). A codon-optimized B-
domain deleted FVIII (hFVllicopt), described as SQ FVIII (co) in Ward et al. (2011) was cloned
by conventional cloning techniques into a PB transposon to generate the
PB_Minimal_T_(T53C-C136T)_D4Z4 TTRminSerpMVM_hFVIlicopt_SV40pA-D424 (Fig.
8C,D). The human codon-optimized FIX cDNA and the codon-optimized FIX cDNA with the
hyperactivating Padua mutation were cloned by conventional cloning techniques into a PB
transposon to generate the PB_micro_T_No_Ins_TTRminSerpMVM_hFIXco_bghpA (Fig.
8E,F) and PB_micro_T_No_Ins_TTRminSerpMVM_hFIXco_Padua_bghpA (Fig. 8G,H),
respectively. The human codon-optimized FIX cDNA was cloned by conventional cloning
techniques into an SB-based vector to generate pT2BH_TTRminSerpMVM_hFIXco_bghpA
(Fig. 81,J).

[0119] The transgenes were expressed from a liver-specific minimal transthyretin (TTRm)
promoter along with the Serpin enhancer ("Serp" or "SerpEnh"). The contructs also contained
a mouse mini-intron (MVM) and a polyadenylation site. The recombinant clones were verified
by restriction analysis and sequencing.

[0120] The different FVIlI-transposons and matching plasmids encoding the cognate
hyperactive transposases (i.e. hyPB and SBmax, respectively) were purified by ion exchange
chromatography and  transfected by hydrodynamic transfection at varying
transposon/transposase ratios and concentrations into adult mice. Controls without
transposase were employed. The FIX expression was monitored by ELISA or using
chromogenic activity assays in hemophilia B mice. FVIIl expression in SCID mice was
assessed using a human FVIll-specific ELISA.

Results

[0121] Incorporation of the Serpin enhancer into the PB transposons resulted in robust, stable
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gene transfer efficiencies in hepatocytes yielding high unprecedented activity of the codon-
optimized FIX Padua (hFIXco-R338L), when the hyperactive hyPB transposase was employed
(Fig. 9A). Conversely, in the absence of the hyperactive hyPB transposase, expression
declined gradually to basal levels, consistent with our previous observations that transposition
is required for stable gene expression in the liver. Molecular analysis, performed 1 year post-
transfection, confirmed stable genomic integration of the FIX-transposons. Moreover, side-by-
side comparisons revealed a nearly 100-fold increase in FIX expression with this optimized FIX
transposon compared to early-generation transposon design.

[0122] Fig. 10 demonstrates that the use of the liver-specific Serpin enhancer ("Serp" or
"SerpEnh") in conjunction with codon-optimized B-domain deleted FVIII (hFVllicopt), and the
hyperactive hyPB system resulted in robust, stable gene transfer efficiencies in hepatocytes,
yielding high unprecedented expression levels of FVIIl. Conversely, in the absence of the
hyperactive hyPB transposase, expression declined gradually to basal levels. This confirms
that stable genomic integration by transposition is required for stable hepatic FVIII gene
expression.

[0123] Sleeping Beauty (SB) transposon (pT2BH_TTRminSerpMVM_hFIXco_bghpa) was
compared side by side with the PiggyBac (PB) transposon
(PB_micro_T_No_Ins_SerpTTrminMVM_hFIXco_BGHpA)) in immunodeficient NOD SCID mice
using two different doses as indicated (Fig. 11). One month post-injection of the transposon
and transposase plasmids, blood was collected. FIX ELISA was performed to determine the
amount of FIX expression. About 1500-2000 ng/ml of FIX antigen was detected in both, SB
and PB, transposons. These data show that the SB and PB vectors are equally potent and can
induce high therapeutic level of FIX expression amounting to about 30-40 % of normal FIX.

[0124] No adverse events were noted in the different mouse models with any of the
transposons, regardless of the transgene, that could be ascribed to the transposition or to the
transient transposase expression.

[0125] To further ascertain the safety of the PB transposons we administered the transposons
by hydrodynamic transfection into a tumor prone mouse model. In this model, mice were
injected repeatedly with the carcinogen N,N-diethylnitrosamine (DEN) and developed
hepatocellular carcinoma. The tumor burden was assessed 36 weeks post-DEN injection. We
did not observe any statistically significant difference in tumor mass or number of tumor
nodules in mice treated with the transposons vs. controls without transposition. These data
indicate that PB transposition in itself does not significantly increase tumorigenicity, even in an
HCC tumor-prone mouse model, which supports its safety.

Example 5: Enhanced expression of FVIIl and FIX by cloning the MVM intron into the
nucleic acid expression cassette.

Materials and methods



DK/EP 2911687 T3

[0126] A piggyBac transposon plasmid was constructed that comprises human FIX cDNA
cloned downstream of a liver-specific minimal transthyretin (TTRmin) promoter operably linked
to the Serpin regulatory sequence ("Serp" or "SerpEnh" or "HSH8"). The bovine growth
hormone poly A (bghpA) was provided as a transcription termination signal. Human FIX cDNA
comprises a truncated 1.4 kb intron A between exons 1 and the following exons 2-8. A
schematic representation of said transposon, denoted as pB_hFIXIA, is shown in Figure 12A.

[0127] A piggyBac transposon plasmid was constructed that contains a synthetic codon-
optimized human FIX cDNA without intron A. Said codon-optimized hFIX cDNA was cloned
downstream of a liver-specific minimal transthyretin (TTRmin) promoter operably linked to the
Serpin regulatory sequence ("Serp" or "SerpEnh" or "HSH8"). A minute virus of mice (MVM)
intron was cloned between the TTRmin promoter and the hFIXco transgene. The bovine
growth hormone poly A (bghpA) was provided as a transcription termination signal. A
schematic representation of said transposon, denoted as pB_hFIXco, is shown in Figure 12B.
The plasmids were constructed by conventional cloning and DNA synthesis.

[0128] Hemophilia B mice were hydrodynamically injected with 10 pg transposon plasmid and
2 pg of mouse transposase plasmid mpBase (Fig. 12C) or empty control plasmid (Fig. 12D)
diluted in 2 ml of PBS into the tail vein. Typically, the injection took less than 10 s for each
mouse. Determination of hFIX levels and activity occurred as described in Example 2.

Transposon genome copy number quantification

[0129] Genomic DNA was extracted from frozen liver samples according to DNeasy Blood &
Tissue Kit protocol (Qiagen, Chatsworth, CA, USA). RNase A (Qiagen, Chatsworth, CA, USA)
treatment was carried out to eliminate carry-over RNA. Transposon copy numbers were
quantified by gPCR using a primer set against a specific region common to both transposon
constructs using forward primer 5'- AACAGGGGCTAAGTCCACAC -3' (SEQ ID NO: 25) and
reverse primer 5'- GAGCGAGTGTTCCGATACTCT -3' (SEQ ID NO: 26). Briefly, 50 ng of
genomic DNA from each sample was subjected to gPCR in friplicate using an ABI Prism 7500
Fast Real-Time PCR System (Applied Biosystems, Foster City/CA, USA) and Power SYBR®
Green PCR Master Mix (Applied Biosystems, Foster City/CA, USA). Copy number was
determined comparing the amplification signal with a standard curve consisting of serial
dilutions over a 6 log range of the corresponding linearized plasmid spiked with 50 ng of liver
genomic DNA from saline-injected mouse (slope = -3,3, intercept = 35, efficiency % = 100).
Average copies per diploid genome were calculated taking into account that one murine diploid
genome = 5,92 pg.

hFIX mRNA expression analysis
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[0130] Total RNA was extracted from frozen liver samples using a miRCURY™ RNA isolation
kit (Exiqon, Denmark). DNase (Thermo Scientific, USA) treatment was carried out. The reverse
transcription reaction was performed starting from 1 pg of total RNA from each sample using
the SuperScript® IIl First Strand cDNA Synthesis Kit (Life Technologies, USA). Next, a cDNA
amount corresponding to 10 ng of total RNA from each sample was analyzed in triplicate by
quantitative (q)PCR using an ABI Prism 7500 Fast Real-Time PCR System (Applied
Biosystems, Foster City/CA, USA) and Power SYBR® Green PCR Master Mix (Applied
Biosystems, Foster City/CA, USA). The following primer set was used:. forward primer 5'-
GCCTTCTAGTTGCCAGCCAT-3' (SEQ ID NO:3), reverse primer 5'-
GGCACCTTCCAGGGTCAAG-3' (SEQ ID NO:4). The hFIX mRNA levels were normalized
using a primer set against the mRNA of the housekeeping gene glyceraldehyde-3-phosphate
dehydrogenase (MGAPDH) which is uniformly and constantly expressed in all samples (i.e.
forward primer 5'-ATCAAGAAGGTGGTGAAGCAGGCA -3' (SEQ ID NO:27) and reverse primer
5'-TGGAAGAGTGGGAGTTGCTGTTGA -3' (SEQ ID NO:28)). RNA samples were amplified

with and without reverse transcriptase to exclude genomic DNA amplification. The 2-0ACt

relative quantification method was used to determine the relative changes in hFIX mRNA
expression level. The ACt was calculated by subtracting the Ct of mMGAPDH mRNA from the Ct
of the hFIX mRNA (Cthrix - CtgappH). The AACt was calculated by subtracting the ACt of the

reference sample (highest Ct) from the ACt of each sample (ACtsample - ACtreference). Fold-

change was determined by using the equation 2-2ACt,

Results

[0131] As shown in Figures 12E and F, hFIX expression and activity is transient and gradually
declines to basal levels in mice that were co-injected with the empty control plasmid (Fig. 12E:
pB_hFIXIA + empty plasmid: 46 + 13 ng/ml hFIX, 0,87 £ 0,2% normal clotting activity and Fig.
12F: pB_hFIXco + empty plasmid: 48 + 22 ng/ml hFIX, 0,97 £ 0,49% normal clotting activity).
These results indicate that stable transposition is necessary for sustained expression, but the
non-integrated pB-hFIXIA or pB-hFIXco plasmids may have contributed to the initial surge in
hFIX expression

[0132] The transposon plasmid comprising the MVM intron yielded significantly higher hFIX
levels and activity as compared to the plasmid without MVM intron when co-delivered with the
mouse transposase plasmid (Fig. 12E,F). Liver-directed hydrodynamic co-transfection of the
pB-hFIXIA transposon without MVM intron (10 pg) along with 2 yg mPB plasmid, resulted in
stable therapeutic hFIX antigen and activity levels for at least up to 12 months in hemophilic
FIX-deficient mice (Fig. 12E, 1168 + 218 ng/ml hFIX and 32 * 6% normal clotting activity).
Similarly, liver-directed co-transfection of the pB_hFIXco transposon with MVM intron and mPB
plasmid resulted in a significant =12-fold higher (p<0.001) hFIX protein and activity level that
stabilized in the supra-physiologic range (Fig. 12F: 13290 + 990 ng/ml hFIX and 313 + 7%
normal clotting activity). The increase in hFIX protein levels was consistent with a more than
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57-fold increase in hFIX mRNA levels when comparing the transposon with and without the
MVM intron (Fig. 12 H), although the transposon copies per genome content were similar in
the liver of mice that were injected with pB hFIXIA and pB hFIXco (Fig. 12G).

Example 6: Comparison of expression cassettes comprising a FVIIl transgene.

Material and methods

[0133] The AAV9ss-SerpEnh-TTRm-MVM-hFVIlicopt-SV40pA plasmid of Example 3 was
compared to:

1. (a) AAV9ss-TTRmM-MVM-hFVIII-SV40pA,
2. (b) AAV9ss-SerpEnh-TTRm-MVM-hFVIII-SV40pA, and
3. (c) AAV9ss-TTRm-MVM-hF Vllicopt-SV40pA.

[0134] AAVI9ss-TTRm-MVM-hFVIlicopt-SV40pA plasmid (c) was constructed by excising the
Serpin enhancer from AAV9ss-SerpEnh-TTRm-MVM-hFVIlicopt-SV40pA plasmid.

[0135] Mice were hydrodynamically injected with 2 ug or 5 pg of the plasmid DNA diluted in 2
ml of phosphate buffered saline (PBS) and injected into the tail vein. Typically, the injection took
less than 10 s for each mouse. FVIII expression analysis was carried out as described in
Example 3.

Results

[0136] The AAV9ss-TTRm-MVM-hFVllicopt-SV40pA (c) and AAV9ss-SerpEnh-TTRm-MVM-
hFVIlicopt-SV40pA (d) constructs were hydrodynamically injected in mice at 2 uyg and 5 g
DNA, and human FVIII levels were measured 1, 2 and 6 days post-transfection.

[0137] The effect of cloning the Serpin enhancer into the expression cassette on hF VIl levels
can be calculated by dividing the hFVIII levels measured in mice injected with construct (d) by
the levels measured in mice injected with construct (c). 3- to 6-fold higher hFVIII levels can be
obtained by cloning the Serpin enhancer into the expression cassette (Table 2).

[0138] The codon-optimized B domain-deleted human coagulation factor VIII (hFVilicopt)
cDNA was reported to achieve 29- to 44-fold increase in expression (Ward et al. 2011). We
used the average increase in expression of 36.5 to predict the hFVIII levels in mice that are
transfected with AAV9ss-SerpEnh-TTRm-MVM-hFVIII-SV40pA construct (b), namely by
dividing the hFVIII levels measured in mice transfected with construct (d) by 36.5.
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[0139] Based on said predicted hFVIII levels in mice that are hydrodynamically injected with
AAV9ss-SerpEnh-TTRm-MVM-hFVIII-SV40pA construct (b), we can further predict the hFVIII
levels in mice that are hydrodynamically injected with AAV9ss-TTRm-MVM-hFVIII-SV40pA
construct (a) by dividing said predicted hFVIIl levels by the calculated effect of cloning the
Serpin enhancer into the expression cassette on hF VIl levels.

[0140] The measured and predicted hFVIIl levels in mice hydrodynamically injected with the
different constructs a-d are summarized in Table 3 and Figures 13A and 13B.

Table 3: hFVIII levels in mice hydrodynamically injected with 2 or 5 pg of plasmids (a) AAV9ss-
TTRM-MVM-hFVIII-SV40pA, (b) AAV9ss-SerpEnh-TTRm-MVM-hFVIII-SV40pA, (c) AAV9ss-
TTRm-MVM-hFVIlicopt-SV40pA, and (d) AAVI9ss-SerpEnh-TTRm-MVM-hFVIlicopt-SV40pA.

(a) AAVss- (b) AAVss- +1r. 1(d) AAVss-SERP-
TIRm-MVM-  [SERP-TTRm- (&) BAVSS-! TR- | 71R.MVM.
hFVIII hFVIII P hFVllicopt
Predicted level: Predicted level:
(@) = (b) : [(d): _ ] " {Measured level {Measured level
o) (b) = (d) : 36,5x
™ serp codon- SERP + codon-
optimization optimization optimization
2ug=11/4=3 2 pg=11 2 g = 102 _
Day 1 ng/ml ng/ml ng/ml 2 Hg = 412 ng/ml|
5ug = 20/3,3 = 615 pg = 20 5 ug = 227 _
ng/ml ng/ml ng/ml 5 kg =751 ng/ml
Day2 | ﬁ%ﬁﬁ’m 9= f‘;/?nf 4.1 2 ug = 77 ng/ml {2 ug = 150 ng/ml
S5ug=1,7/3,3={5ug = 11,7 5ug =129 _
3,5 ng/ml ng/ml ng/ml 5 Hg = 429 ng/ml
Day6 |5 b9 :J/j}f = 12ug=1ng/ml {2 yg =11 ng/ml |2 ug = 39 ng/ml
5ug=6,4/59= {5ug=6,4
; flg i n;/?nl 5 g = 39 ng/ml {5 pg = 233 ng/ml

[0141] The data shows that expression cassettes comprising the specific combination of the
codon-optimized B domain-deleted human coagulation factor VIII (hFVIlicopt) cDNA described
in Ward et al. (2011) and the Serpin enhancer can induce hFVIII levels that are significantly
higher as compared to the sum of the hFVIII levels that are obtained by expression cassettes
comprising each of these elements alone (Table 4, Figures 13C and 13D). In other words, said
specific combination of hFVllicopt cDNA and the Serpin enhancer provides for a synergistic
effect on hFVIII levels.

Table 4: Comparison of hFVIII levels induced by AAV9ss-SerpEnh-TTRm-MVM-hFVIlicopt-
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SV40pA construct (d) as compared to the levels induced by (b) AAV9ss-SerpEnh-TTRm-MVM-
hFVIII-SV40pA construct and (c) AAV9ss-TTRm-MVM-hFVIllcopt-SV40pA construct, and as
compared to the levels induced by (a) AAV9ss-TTRmM-MVM-hFVIII-SV40pA construct.

(b) +(c) (d) 7 [(b)*(c)] (d)/(a)
Dav 1 2pug=1+102 = 2ug=412/113 = 2ug=412/3=
y 113 ng/ml 3,6x >>> 137x >>>
5ug=20+227= 1{5pug=751/247= {5ug=751/6=
247 ng/ml 3x >>> 125x >>>
Dav 2 2ug=77+4=81 1{2pg=150/81 =1,8x |2 ug = 150/2 = 75x
ay ng/ml >>> >>>
5ug=11+129= {5ug=429/140= {5pg=429/35=
140 ng/ml 3Ix >>> 122x >>>
Dav 6 2ug=11+1=12 {2pg=239/12=3,25x{2 ug = 39/0,28 =
ay ng/ml >>> 139x >>>
5ug=39+64= {5ug=233/454= \5ug=233/1=
45,4 ng/ml 5,1x >>> 223x >>>

Example 7: Comparison of expression cassettes comprising a FIX transgene.

Material and methods

[0142] AAV-based plasmids comprising a FIX transgene were constructed as described in
Example 2.

[0143] FIX knockout mice were hydrodynamically injected with 2 ug of each of the following
FIX plasmids diluted in 2 ml of phosphate buffered saline (PBS) into the tail vein:

1. (a): AAVsc-TTRmM-MVM-hFIX-pA,

2. (b): AAVsc-SerpEnh-TTRm-MVM-hFIX-pA;

3. (c): AAVsc-TTRmM-MVM-hFIXco-pA

4. (d): AAVsc-SerpEnh-TTRm-MVM-hFIXco-pA

5. (e): AAVsc-TTRm-MVM-hFIXcoPadua-pA

6. (f): AAVsc-SerpEnh-TTRm-MVM-hFIXcoPadua-pA

[0144] Blood was collected from these mice at day 2 and day 6 post-injection. FIX activity was
determined as described in Example 2.

Results
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[0145] FIX activity as measured in the different mice is summarized in Table 5.

Table 5: hFIX activity at days 2 and 6 post-injection in mice hydrodynamically injected with 2 ug
of (a) AAVsc-TTRmM-MVM-hFIX-pA plasmid, (b) AAVsc-SerpEnh-TTRmM-MVM-hFIX-pA plasmid,
(c) AAVsc-TTRm-MVM-hFIXco-pA plasmid, (d) AAVsc-SerpEnh-TTRm-MVM-hFIXco-pA
plasmid, (e) AAVsc-TTRm-MVM-hFIXcoPadua-pA plasmid, and (f) AAVsc-SerpEnh-TTRm-

MVM-hFIXcoPadua-pA plasmid.

(a) AAVsc- {(b) (c) AAVsc- {(d) AAVsc- i(e) AAVsc- {(f) AAVsc-
TTRm- AAVsc- {TTRm- SerpEnh-  {TTRm- SerpEnh-
MVM-hFIX- {SerpEnh- {MVM- TTRm- MVM- TTRmM-MVM-
pA TTRm- hFIXco-pA {MVM- hFIXcoPadu {hFIXcoPadu
MVM- hFIXco-pA {a-pA a-pA
hFIX-pA
no SERP, {SERP codon- SERP + codon- SERP +
no codon- optimization jcodon- optimization {codon-
optimization optimization { + Padua optimization
, ho Padua + Padua
Day {5.92% 42.99% 1{6.36% 74.25% 75.09% 289.34%
2
Day {1.00% 12.90% {0.23% 34.32% 18.48% 265.71%
6

[0146] The data shows that the specific combination of codon-optimized human coagulation
factor IX (hFIXco) cDNA and the Serpin enhancer results in hFIX activity that is higher than
would have been predicted based on the sum of the hFIX activity determined in mice
hydrodynamiclly injected with plasmids (b) and (c) comprising either a Serpin enhancer (b) or a
codon-optimized hFIX transgene (c) (Table 6, Figures 14A and 14B). In other words, said
specific combination of hFIXco cDNA and the Serpin enhancer provides for a synergistic effect
on hFIX activity.

[0147] To evaluate the combination of the Serpin enhancer and the Padua mutation on hFIX
activity, hFIX activity in mice hydrodynamically injected with (f) AAVsc-SerpEnh-TTRm-MVM-
hFi1XcoPadua-pA plasmid was compared versus hFIX activity in mice hydrodynamically injected
with  (d) AAVsc-SerpEnh-TTRm-MVM-hFIXco-pA plasmid and (e) AAVsc-TTRm-MVM-
hFi1XcoPadua-pA plasmid (Table 6, Figures 14C and 14D). The combination of the Serpin
enhancer and the Padua mutation provides for a synergistic effect on hFIX activity.

[0148] Also the combination of the Serpin enhancer with codon-optimized transgene encoding
hF1X containing the Padua mutation shows synergy on hFIX activity, as revealed by comparing
hFIX activity in mice injected with (f) AAVsc-SerpEnh-TTRm-MVM-hFIXcoPadua-pA plasmid
versus hFIX activity in mice injected with (b) AAVsc-SerpEnh-TTRm-MVM-hFIX-pA plasmid,
and (e) AAVsc-TTRm-MVM-hFIXcoPadua-pA plasmid.
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Table 6: Comparison of hFIX activity induced by the different FIX plasmids: (a) AAVsc-TTRm-
MVM-hFIX-pA plasmid, (b) AAVsc-SerpEnh-TTRm-MVM-hFIX-pA plasmid, (¢) AAVsc-TTRm-
MVM-hF1Xco-pA plasmid, (d) AAVsc-SerpEnh-TTRm-MVM-hFIXco-pA plasmid, (e) AAVsc-
TTRm-MVM-hFIXcoPadua-pA plasmid, and (f) AAVsc-SerpEnh-TTRm-MVM-hFIXcoPadua-pA

plasmid.

(b) + (c){(d)/(b) + {(d)+(e) {()/(d) i(b)+(e) y()/(b)+(e) {(d)/ i(f)/(a)

(c) +(e) (a)

SERP + SERP SERP +

codon- + codon-

optimization Padua optimization

+ Padua
42,99 + {74,25/ 74,25 + (289,34 {42,99 + {289,34/ 74,25 /{289,34
6,36 = 49,35 = 75,09= 1§/ 75,09 = (118,08 = 592 {/592=
49,35% {1,5x 1 149,34% {149,34 {118,08% {2,5x1 12,5x {48,9x
=1,9x 1

12,90 + {34,32/ 34,32 + (265,71 {12,90 + {265,71/ 34,32 /1265,71
0,23= (13,13 = 18,48 = {/52,80 {18,48 = {31,38 = = /1=
13,13% {2,6x 1 52,80% {=5,0x1§31,38% {8,5x1 34,32x{265,71x

Example 8: Evaluation of the piggyBac transposon system.

Materials and methods Transposon constructs

[0149] pB_hFIXIA (Fig. 12A) and pB_hFIXco (Fig. 12B) plasmids were constructed as
described in Example 5.

[0150] A terminal inverted repeat of pB_hFIXco (IRyt) was replaced by a terminal inverted
repeat containing T53C and C136T point mutation (IRmut16) to generate pB_hFIXco/IRmut16
(Fig. 15A).

[0151] The terminal inverted repeats of pB_hFIXco were replaced by micro terminal inverted
repeats as described in Meir et al. (2011) (IRmicro) to yield pB_hFIXco/IRpicro (Fig. 15B).

[0152] pB_hFIX-R338L plasmid (Fig. 15C) containing hyper-functional, codon-optimized hFIX
transgene with Padua mutation was constructed by site-directed mutagenesis using
pB_hFIXco/IRmicro @s template.

Hydrodynamic injection, analysis of hFiX levels and activity and anti-hFIX antibodies
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[0153] Plasmids were diluted in 2 ml of Dulbecco's PBS and hydrodynamically delivered to
adult mice (6-7-week-old) by rapid tail vein injection. At different time intervals, we collected
whole blood (= 200ul) by phlebotomy of the retro-orbital plexus in eppendorf tubes prefilled
with 20% citrate buffer that were centrifuged at 14000 r.p.m. for 5 min at 4°C. The citrated
plasma was stored at -80°C for future analysis.

[0154] hFIX antigen levels and activity and antibodies directed against hFIX were analyzed as
described in Example 2.

Tail clipping assay

[0155] A tail-clipping assay was used on hemophilic mice to assess phenotypic correction of
the bleeding phenotype. Briefly, the tails of mice were transected (1 cm from the end) and mice
were monitored for clotting and survival. Tail clip was performed on immobilized mice, allowing
continuous blood collection at room temperature and total blood volume, bleeding time and
survival rate were monitored.

Results

[0156] To assess the immune consequences of treating hemophilia B mice with piggyBac
transposons expressing hFIXIA, hFIXco or hFIXco-R338L, the anti-FIX antibody response was
analyzed after active immunization with recombinant hFIX antigen and adjuvant.

[0157] None of the hemophilia B mice treated with the PB transposons expressing hFIXIA,
hFIXco or hFIXco-R338L (Padua) developed an anti-hFIX specific antibody response
(Fig.15E). This indicates that liver-directed gene therapy using the various PB transposons
encoding either hFIXIA, hFIXco or hFIXco-R338L (Padua) induced immune tolerance to the
hFIX protein.

[0158] A tail-clip assay showed that the bleeding diathesis of hemophilia B mice transfected
with pB-hFIXIA or pB-hFIXco and plasmid encoding mPBase was phenotypically corrected 1
year post-transfection (Table 7). Bleeding time and volume were lower in mice transfected with
plasmid comprising codon-optimized hFIX transgene and MVM intron compared to mice
transfected with wild-type hFIX transgene.

Table 7: Phenotypic correction of murine hemophilia B following tail clipping 48 weeks after
gene transfer. 2 ug plasmid encoding mPBase was co-delivered with the indicated transposon
plasmids via hydrodynamic injection. hFIX concentration (ng/ml) at the time of tail clipping is
indicated. Bleeding time and volume were assayed following clipping of a section of tail 1 cm in
length. Values represent means + SEM
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Group Transposon {hFIX (ng/ml) {Bleeding Bleeding Survival
plasmid time (min)  jvolume (ul)

C57BL/6 none 0 3045 146+31 3/3

FIX'- none 0 294150 1433+57 {0/3

FIX'- pB_hFIXIA 11681218 109+10 677152 3/3

FIX- pB_hFIXco 132904+990 {57+12 500445 3/3

[0159] The efficiency of the piggyBac platform could be improved by using the hyperactive PB
transposase (hyPBase) described in Yusa et al. (2011) (Fig. 15D), allowing the use of lower
transposon/transposase doses. This hyPBase contained several mutated residues compared
to the mouse codon-usage optimized mPBase (compare Fig. 15D with 12C). Liver-directed
hydrodynamic transfection of immune deficient SCID mice with 500 ng of pB-hFIXco
transposon along with 1000 ng hyPB resulted in stable supra-physiologic hFIX levels
corresponding to 200% of normal hFIX levels (Fig. 15F). These FIX levels were significantly
higher (p<0.001) than what could be achieved with the original mPB transposase. Similarly,
liver-directed transfection of SCID mice with 50 ng of pB-hFIXco transposon plasmid along with
100 ng hyPB resulted in a dose-dependent effect yielding therapeutic hFIX levels
corresponding to 20% of normal levels. This represented a significant 20-fold increase
(p<0.001) in FIX levels compared to when the mPB transposase was used (Fig 15G).

[0160] To evaluate the effect of the terminal repeats IRyjcro and IRy t16 ON the in vivo potency

of the PB transposons, mice were hydrodynamically injected with pB-hFIXco (Fig.12B), pB-
hFIXcol/IRmut1e (Fig. 15A) or B-hFIXcol/IRmicro (Fig. 15B) along with hyPBase. A significant 1.5-

fold increase in hFIX expression was apparent when the /Rn;cro Was used compared to its wild-
type counterpart (Fig. 15 H-1). Liver-directed transfection of the PB-hFIXcol/IRmjcro transposon

(500 ng) along with 1000 ng hyPB transposase-encoding plasmid resulted in stable FIX levels
reaching approximately 300% of normal hFIX levels (Fig. 15H). Similarly, at 10-fold lower PB-
hFiIXcolIRmicro and hyPB doses a dose-dependent decrease in hFIX expression was apparent,

yielding 30% of normal hFIX levels (Fig. 151). In contrast, FIX expression was not or only slighly
increased when the IR, t16 Was used compared to the IR, (Fig. 15 J-K).
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<220>

<223> Adenoviral expression vector pdsAAVsc SerpEnh TTRmin MVM FIXcoptMT-bghpA

<400> 1
cagcagcetgg

cctgaatgge
gtttttectyg
agtttgagtt
acggttaatt
acttctecagg
agctecceget
gtacgecgcee
cgctacactt
cacgttcgee
tagtgcttta
gccatcgece
tggactcttg
ataagggatt
taacgcgaat
cctgtttttg

acgattaccg

ageccgggceg
agggagtgga
cgcggtaceg
teggaggage
agagcgagtg
tattctecctt
agggatcagc
gtcacacaga
gtattaatgt
catgcagcgc
gggctacctg
cctgaacege
ggagcgcgag
caccgagecgce

ccectgectg

cgtaatageg
gaatggaatt
ttgcaatgge
cttctactca
tgcgtgatgg
attctggegt
ctgattctaa
tgtagcggeg
gccagegecce
ggctttceccce
cggcacctcg
tgatagacgg
ttccaaactg
ttgccgattt
tttaacaaaa
gggcttttct

ttcatcgect

aagaggcecq
ccagacgatt
tggcggtaat
ggcaagtgat
acagactctt
accgttcctg
cgaggaaagc
cattaagecge
tagcgcecge
gtcaagctct
accccaaaaa
tttttegece
gaacaacact
cggectattg
tattaacgtt
gattatcaac

gcactgcgeg

caccgatege
gagcgtcaaa
attgttetgg
gttattacta
ttactcggtg
tctaaaatcc
acgttatacg
ggegggtgtyg
tccttteget
aaateggggg
acttgattag
tttgacgttg
caaccctatce
gttaaaaaat
tacaatttaa
cggggtacat

ctegeteget

ccttceeaac
atgtaggtat
atattaccag
atcaaagaag
gcctcactga
ctttaatcgg
tgctcgtcaa
gtggttacgc
ttettceett
ctcectttag
ggtgatggtt
gagtccacgt
tcggtctatt
gagctgattt
atatttgctt
atgattgaca

cactgaggcc

agttgcgcag
ttecatgage
caaggecgat
tattgcgaca
ttataaaaac
cctecetgttt
agcaaccata
gcagegtgac
cctttctege
ggttccgatt
cacgtagtgg
tctttaatag
cttttgattt
aacaaaaatt
atacaatctt
tgctagtttt

gceccgggcaa

tecgggegace tttggtegee cggectcagt

attcacgcgt
gcgegecggg
aaacaggggc
ttecgatact
ttgttgacta
agcctgggtt
tccacaaget
ttaattacct
gtgaacatga
ctgagcgeceg
cccaageget
tgecatggagg
accaccgagt

aacggcggea

ggtacgatct
ggaggctgcet
taagtccaca
ctaatctece
agtcaataat
ggaaggaggg
cctgaagagg
ggagcacctg
tcatggccga
agtgcaccgt
acaacagegg
agaagtgcag
tctggaagca

gctgcaagga

gaattcggta
ggtgaatatt
cgegtggtac
taggcaaggt
cagaatcagc
ggtataaaag
taagggttta
cctgaaatca
gagccceggce
gttcctggac
caagctggag
cttegaggag
gtacgtggac

cgacatcaac

gagcgagcga
caattcacgce
aaccaaggtc
cgtetgtetg
tcatatttgt
aggtttggag
ccecttecace
agggatggtt
ctttttttca
ctgatcacca
cacgagaacgqg
gagttcegtge
gccegegagg
ggcgaccagt

agctacgagt

gcgcgcagag
gtggtacggc
accccagtta
cacatttcgt
gtaggttact
tcagcttgge
aggagaagcc
ggttggtggg
ggttggctag
tctgcetget
ccaacaagat
agggcaaccet
tgttcgagaa
gcgagagcaa

gctggtgece
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ctteggette
ctgcgagcag
ctaccgectg
cgtgagcgtg
ctacgtgaac
cttcaacgac
gcaggtggtg
gtggatcgtg
cgagcacaac
cccecaceac
gctggacgag
gtacaccaac
ccacaagggc
cacctgectg
cgagggegge
gggcacecagc

gtacggcatc

gacctggaga
cecteeceecg
aatgaggaaa
gggcaggaca
gcaggcatgce
ctctgcgege
ttggtecgece
cececeeceeee
atagcctttg
gaacggttga
aatctttacc
tttatccttg
ttggtacaac
tgccttgect
catctgtgcg
gcatagttaa
ctgctceecgg
aggttttcac
ttataggtta
aatgtgcgeg

atgagacaat

gagggcaaga
ttctgcaaga
gcecgagaace
agccagacca
agcaccgagg
ttcacccgeg
ctgaacggca
acecgecegece
atcgaggaga
aactacaacg
cecctggtge
atcttcetga
cgcagcgcce
cgcagcacca
cgecgacagcet
ttectgaccyg

tacaccaagg

tctgatcage
tgccttectt
ttgcatcgca
gcaaggggga
tggggagaga
tcgectegetce
ggcctcagtg
tgcatgcagg
tagagacctc
atatecatatt
tacacattac
cgttgaaata
cgatttaget
gtatgattta
gtatttcaca
gccageeccg
catccgetta
cgtcatcacc
atgtcatgat
gaacccctat

aaccctgata

actgcgaget
acagegecga
agaagagctg
gcaagctgac
ccgagaccat
tggtgggcgy
aggtggacgc
actgcgtgga
ccgagcacac
ccgceccatcaa
tgaacagcta
agttcggcag
tggtgctgca
agttcaccat
gccagggcega
gcatcatcag

tgagccgecta

ctcgactgtg
gaccctggaa
ttgtctgagt
ggattgggaa
tcgatctagg
actgaggccg
agcgagcgag
cgattctett
tcaaaaatag
gatggtgatt
tcaggcattg
aaggcttctc
ttatgctctg
ttggatgttg
ccgcatatgg
acacccgcca
cagacaagct
gaaacgcgeg
aataatggtt
ttgtttattt

aatgcttcaa

ggacgtgacc
caacaaggtg
cgagcccgee
ccgegeegag
cctggacaac
cgaggacgcc
cttctgegge
gaccggegtg
cgagcagaag
caagtacaac
cgtgacccee
cggctacgtg
gtacctgcge
ctacaacaac
cagcggeggce
ctggggcgag

cgtgaactgg

tgcaacatca
gtgtgcagcet
gtgceccttce
geegtgttec
atcacccaga
aagcecggcece
ggcagcatcg
aagatcaccg
cgcaacgtga
cacgacatcg
atctgcatcg
agcggetggg
gtgccectgg
atgttctgeg
cccecacgtga
gagtgcgecca

atcaaggaga

agaacggecy
gcaccgaggg
cctgecggeeg
ccgacgtgga
gcacccagag
agttcecctyg
tgaacgagaa
tggtggccgg
tccgecatcat
cectgetgga
ccgacaagga
gcegegtgtt
tggaccgege
ccggectteca
ccgaggtgga
tgaagggcaa

agaccaagct

cecttctagtt
ggtgccactce
aggtgtcatt
gacaatagca
aacccectagt
cccgggeaaa
cgcegcagaga
gtttgcteca
ctaccctctc
tgactgtcte
catttaaaat
ccgcaaaagt
aggctttatt
gaattcctga
tgcactctca
acacccgctg
gtgaccgtct
agacgaaagg
tcttagacgt
ttctaaatac

taatattgaa

gccagcecate
ccactgtcet
ctattctggg
ggcatgetgg
gatggagttg
gccecgggegt
gggagtggce
gactctcagg
cggcatgaat
cggcetttet
atatgagggt
attacagggt
gcttaatttt
tgcggtattt
gtacaatctg
acgcgccctg
ccgggagetyg
gectcgtgat
caggtggcac

attcaaatat

aaaggaagag

tgttgtttge
ttcectaataa
gggtggggtyg
ggatctgata
gccactcccet
cgggcgacct
aacceccccce
caatgacctg
ttatcagcta
caceccgtttg
tctaaaaatt
cataatgttt
gctaattctt
tetecttacg
ctctgatgcee
acgggcttgt
catgtgtcag
acgcctattt
ttttcgggga
gtatecgete

tatgagtatt
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caacatttcc
cacccagaaa
tacatcgaac
tttccaatga
gccgggcaag
tcaccagtca
gccataacca
aaggagctaa
gaaccggagce

atggcaacaa

caattaatag
ceggcetgget
attgcagcac
agtcaggcaa
aagcattggt
catttttaat
ccttaacgtg
tettgagatc
ccagcggtgg
ttcagcagag
ttcaagaact
gctgccagtg
aaggcgcage
acctacaccg
gggagaaagg
gagcttccag
cttgagegtce
aacgcggcct
gcgttatcce
cgcegcagece
atacgcaaac
<210>2

<211> 6044
<212> DNA

gtgtcgeccecet
cgctggtgaa
tggatctcaa
tgagcacttt
agcaactcgg
cagaaaagca
tgagtgataa
cegetttttt
tgaatgaagc

cgttgcgcaa

actggatgga
ggtttattge
tggggccaga
ctatggatga
aactgtcaga
ttaaaaggat
agttttegtt
ctttttttet
tttgtttgee
cgcagatacc
ctgtagcacc
gcgataagtc
ggtcgggetg
aactgagata
cggacaggta
ggggaaacge
gatttttgtg
ttttacqgtt
ctgattcetgt
gaacgaccga

cgcctetece

<213> Artificial

<220>

tatteccttt
agtaaaagat
cagcggtaag
taaagttctg
tegeecgecata
tcttacggat
cactgcggcc
gcacaacatg
cataccaaac

actattaact

tttgcggcat
gctgaagatc
atccttgaga
ctatgtggceg
cactattctc
ggcatgacag
aacttacttc
ggggatcatg
gacgagcgtg

ggcgaactac

tttgecttee
agttgggtge
gttttcgecee
cggtattatc
agaatgactt
taagagaatt
tgacaacgat
taactecgect
acaccacgat

ttactctagc

tgtttttget
acgagtgggt
cgaagaacgt
ccgtattgac
ggttgagtac
atgcagtgct
cggaggaccg
tgategttgg
gcctgtagca

ttceccggcaa

ggcggataaa gttgcaggac cacttctgeg ctcggeccctt

tgataaatct
tggtaagcce
acgaaataga
ccaagtttac
ctaggtgaag
ccactgagcg
gcgcgtaatce
ggatcaagag
aaatactgtc
gcctacatac
gtgtcttacc
aacggggggt
cctacagegt
tceggtaage
ctggtatctt
atgctcgtca
cctggecettt
ggataaccgt
gcgecagegag

cgcgegttgg

ggagceggtg
teccgtatcg
cagatcgcectg
tcatatatac
atcctttttg
tcagaccceg
tgctgettge
ctaccaactc
cttctagtgt
ctcgetcetge
gggttggact
tecgtgcacac
gagctatgag
ggcagggtcg
tatagtcctg
ggggggcgga
tgctggectt
attaccgcet
tcagtgagceg

ccgattcatt

agcgtgggte
tagttatcta
agataggtgc
tttagattga
ataatctecat
tagaaaagat
aaacaaaaaa
tttttccgaa
agccgtagtt
taatcctgtt
caagacgata
agcccagcett
aaagcgccac
gaacaggaga
tcgggttteg
gcctatggaa
ttgctcacat
ttgagtgagce
aggaagcgga

aatg

tegeggtatce
cacgacgggg
ctcactgatt
tttaaaactt
gaccaaaatc
caaaggatct
accaccgcta
ggtaactggc
aggccaccac
accagtggct
gttaccggat
ggagcgaacg
gcttcccgaa
gcgcacgagg
ccacctctga
aaacgccagc
gttctttccect
tgataccgcet

agagcgccca
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<223> Adenoviral expression vector pdsAAVsc SerpEnh TTRmin MVM FIXcopt-PADUA-bghpA
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<400> 2

cagcagctgg cgtaatagcyg aagaggcccg caccgatcge ccttcccaac agttgegcag
cctgaatgge gaatggaatt ccagacgatt gagcgtcaaa atgtaggtat ttccatgagce
gtttttectg ttgcaatgge tggcggtaat attgttetgg atattaccag caaggecgat
agtttgagtt cttctactca ggcaagtgat gttattacta atcaaagaag tattgcgaca
acggttaatt tgcgtgatgg acagactctt ttactcggtg gectcactga ttataaaaac
acttctcagg attctggegt acegttcectg tctaaaatcce ctttaatcgg cetectgttt 360
agctcceget ctgattctaa cgaggaaagc acgttatacg tgctcgtcaa agcaaccata 420
gtacgcgeoec tgtagcggeg cattaagege ggcgggtgtyg gtggttacge geagcgtgac 480
cgctacactt geccagcgcec tagcgcccge tcctttceget ttctteccett cetttetege 540
cacgttcgece ggctttcoccce gtcaagctcect aaatcggggg ctccctttag ggttcegatt 600
tagtgcttta cggcacctcg accccaaaaa acttgattag ggtgatggtt cacgtagtgg 660
gccatcgece tgatagacgg tttttegeec tttgacgttg gagtccacgt tetttaatag 720
tggactcttg ttccaaactg gaacaacact caaccctatc tcggtctatt cttttgattt 780
ataagggatt ttgccgattt cggcctattg gttaaaaaat gagctgattt aacaaaaatt 840
taacgcgaat tttaacaaaa tattaacgtt tacaatttaa atatttgctt atacaatctt 900
cctgtttttg gggettttet gattatcaac cggggtacat atgattgaca tgctagtttt 960
acgattaccg ttcatcgect gecactgcgeg ctegeteget cactgaggee geccgggcaa 1020
agceccgggceg tegggegace tttggtegec cggectcagt gagcgagega gcegegcagag 1080
agggagtgga attcacgcgt ggtacgatct gaattcggta caattcacgc gtggtacaggce 1140
cgcggtaccg gcgcgccggg ggaggctgct ggtgaatatt aaccaaggtc accccagtta 1200
tcggaggage aaacagggge taagtccaca cgegtggtac cgtctgtetyg cacatttegt 1260
agagcgagtg ttcegatact ctaatctcce taggcaaggt tcatatttgt gtaggttact 1320
tattctcectt ttgttgacta agtcaataat cagaatcagce aggtttggag tcagcttgge 1380
agggatcagc agcctgggtt ggaaggaggg ggtataaaag ccccttcacc aggagaagcc 1440
gtcacacaga tccacaagct cctgaagagg taagggttta agggatggtt ggttggtggg 1500
gtattaatgt ttaattacct ggagcacctg cctgaaatca ctttttttca ggttggctag 1560
catgcagcgc gtgaacatga tcatggccga gagccccgge ctgatcacca tctgectget 1620
gggctacctg ctgagcgecg agtgcaccgt gttcctggac cacgagaacg ‘ccaacaagat 1680
cctgaaccge cccaageget acaacagegg caagctggag gagttcgtge agggcaacct 1740
ggagcgcgag tgcatggagg agaagtgcag cttecgaggag gccegcecgagg tgttegagaa 1800
caccgagcge accaccgagt tctggaagca gtacgtggac ggcgaccagt gcgagagcaa 1860
cccetgectg aacggcggca gctgcaagga cgacatcaac agctacgagt getggtgece 1920
ctteggcette gagggcaaga actgcgaget ggacgtgace tgcaacatca agaacggceg 1980
ctgegagcag ttctgcaaga acagcgccga caacaaggtg gtgtgcagct gcaccgaggg 2040
ctaccgcectg geccgagaacc agaagagctg cgagcccgcece gtgeccettee cctgeggecyg 2100
cgtgagecgtg agccagacca gcaagetgac ccgegecegag geegtgttece ccgacgtgga 2160

60

120

180

240

300



ctacgtgaac

cttcaacgac
gcaggtggtg
gtggatecgtg
cgagcacaac
ccecccaccac
gctggacgag
gtacaccaac
ccacaagggc
cacctgectg
cgagggcggc
gggcaccagc
gtacggcatc
gacctggaga
cccteececeg
aatgaggaaa
gggcaggaca
gcaggcatgc
ctetgegege
ttggtcgccc
cececeecccece
atagectttg
gaacggttga
aatctttacc
tttateccttg
ttggtacaac
tgecttgect
catctgtgcg
gcatagttaa
ctgcteecgg
aggttttcac

ttataggtta

aatgtgegeg
atgagacaat
caacatttecce
cacccagaaa

tacatcgaac

agcaccgagg ccgagaccat cctggacaac atcacccaga gcacccagag

ttcaccegeg
ctgaacggca
accgccgcce
atcgaggaga
aactacaacg
ccectggtge
atcttectga
cgcagcgccc
ctgagcacca
cgcgacagcet
ttectgaccg
tacaccaagg
tctgatcage
tgccttecett
ttgcatcgca
gcaaggggga
tggggagaga
tcgectcgcete
ggcctcagtg
tgcatgcagg
tagagacctc
atatcatatt
tacacattac
cgttgaaata
cgatttaget
gtatgattta
gtatttcaca
gccagcecceg
catcegetta
cgtcatcacc

atgtcatgat

tggtgggcgg
aggtggacgce
actgcgtgga
ccgagcacac
ccgccatcaa
tgaacagcta
agttcggcag
tggtgctgca
agttcaccat
gccagggcga
gcatcatcag
tgagccgcta
ctecgactgtg
gaccectggaa
ttgtctgagt
ggattgggaa
tcgatctagg
actgaggccg
agcgagcgag
cgattctctt
tcaaaaatag
gatggtgatt
tcaggcattg
aaggcttctce
ttatgctctg
ttggatgttg
ccgcatatgg
acacccgcca
cagacaagct
gaaacgcgcg

aataatggtt

cgaggacgce
cttctgegge
gaccggegtg
cgagcagaag
caagtacaac
cgtgacccece
cggctacgtg
gtacctgecge
ctacaacaac
cagcggceggce
ctggggcgag
cgtgaactgg
ccttctagtt
ggtgccactc
aggtgtcatt
gacaatagca
aacccctagt
cccgggcaaa
cgcgcagaga
gtttgctcca
ctaccctcete
tgactgtcte
catttaaaat
ccgcaaaagt
aggetttatt
gaattcctga
tgcactctea
acacccgctg
gtgacecgtct
agacgaaagg

tcttagacgt

aagcceggec
ggcagcatcg
aagatcaccg
cgcaacgtga
cacgacatcg
atctgcatcg
agcggetggg
gtgccectgg
atgttctgcg
ccccacgtga
gagtgcgcca
atcaaggaga
gccagccatce
ccactgtccect
ctattctggg
ggcatgctgg
gatggagttg
gcccgggegt
gggagtggcc
gactctcagg
cggcatgaat
cggecetttet
atatgagggt
attacagggt
gcttaatttt
tgcggtattt
gtacaatctg
acgcgeccctg
ccgggagetg
gcctcegtgat

caggtggcac

agttccccetg
tgaacgagaa
tggtggcegg
tecegecatcat
ccctgectgga
ccgacaagga
gcegegtgtt
tggaccgcge
ceggetteca
ccgaggtgga
tgaagggcaa
agaccaagct
tgttgtttge
ttcctaataa
gggtggggtg
ggatctgata
gccactccct
cgggcgacct
aaccecceee
caatgacctg
ttatcagcta
cacccgtttg
tctaaaaatt
cataatgttt
gctaattett
tctecettacyg
ctctgatgec
acgggcttgt
catgtgtecag
acgcctattt

ttttegggga

gaacccctat ttgtttattt
aaccctgata aatgcttcaa
gtgtcgecect tattecettt
cgctggtgaa agtaaaagat

tggatctcaa cagcggtaag

ttctaaatac
taatattgaa
tttgeggeat
gctgaagatc

atccttgaga

attcaaatat
aaaggaagag
tttgcocttec
agttgggtge

gttttcgeec

gtatccgctce
tatgagtatt
tgtttttget
acgagtgggt

cgaagaacgt
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2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140
4200
4260
4320

4380



tttccaatga
gcecgggcaag
tcaccagtca
gccataacca
aaggagctaa
gaaccggagce
atggcaacaa
caattaatag
cecggetgget
attgcagcac
agtcaggcaa
aagcattggt
catttttaat
ccttaacgtg
tcttgagatce
ccagcggtgg
ttcagcagag
ttcaagaact
gctgeccagtg
aaggcgcagce
acctacaccg
gggagaaagg
gagcttecag
cttgagcgtc
aacgcggect
gegttatcee

cgccgeagece

tgagcacttt
agcaactcgg
cagaaaagca
tgagtgataa
ccgectttttt
tgaatgaagc
¢cgttgegcaa
actggatgga
ggtttattgc
tggggccaga
ctatggatga
aactgtcaga
ttaaaaggat
agttttcgtt
ctttttttct
tttatttgce
cgcagatacc
ctgtagcacc
gcgataagte
ggtcgggetg
aactgagata
cggacaggta
ggggaaacgce
gatttttgtg
ttttacggtt
ctgattctgt

gdacgaccga

taaagttctg
tcgececgcata
tcttacggat
cactgeggec
gcacaacatg
cataccaaac
actattaact
ggcggataaa
tgataaatct
tggtaagcecc
acgaaataga
ccaagtttac
ctaggtgaag
ccactgagcg
gcgegtaate
ggatcaagag
aaatactgtc
gcctacatac
gtgtcttace
aacggggggt
cctacagcgt
tceggtaage
ctggtatett
atgctcgtca
cectggecttt
ggataaccgt

gcgecagegag

ctatgtggeg
cactattcte
ggcatgacag
aacttacttc
ggggatcatg
gacgagcgtg
ggcgaactac
gttgcaggac
ggagceggtyg
teccegtatcg
cagatcgcetg
tcatatatac
atcctttttg
tcagaccceg
tgctgcttge
ctaccaactce
cttctagtgt
ctecgetetge
gggttggact
tcgtgecacac
gagctatgag
ggcagggtcg
tatagtcectg
ggggggcgga
tgctggeett
attacegecct

tcagtgageg

cggtattatc
agaatgactt
taagagaatt
tgacaacgat
taactcgect
acaccacgat
ttactctage
cacttctgeg
agcgtgggte
tagttatcta
agataggtgc
tttagattga
ataatctcat
tagaaaagat
aaacaaaaaa
tttttccgaa
agcecgtagtt
taatcctagtt
caagacgata
agcccagcett
aaagcgccac
gaacaggaga
tegggttteg
gcctatggaa
ttgctcacat
ttgagtgage

aggaagcgga

atacgcaaac cgectetceee cgegegttgg cecgattcatt aatg

<210> 3
<211> 20

<212> DNA

<213> Artificial

<220>

<223> primer

<400> 3

gccttctagt tgccagccat

<210>4

20

cegtattgac
ggttgagtac
atgcagtgct
cggaggaccyg
tgatcgttgg
gcctgtagea
tteceggeaa
cteggecectt
tegeggtatce
cacgacgggg
ctcactgatt
tttaaaactt
gaccaaaatc
caaaggatct
accacegeta
ggtaactggc
aggccaccac
accagtggcet
gttacecggat
ggagcgaacg
gcttecegaa
gcgcacgagg
ccacctctga
aaacgccage
gttctttect
tgataceget

agagcgcecca
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4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940

6000

6044



<211> 20
<212> DNA

<213> Artificial

<220>

<223> probe

<400> 4

tgtttgcccec tcceeegtge

<210>5
<211>19
<212> DNA

<213> Artificial

<220>

<223> primer

<400> 5

ggcaccttcc agggtcaag

<210>6
<211> 7849
<212> DNA

<213> Artificial

<220>

<223> Adenoviral expression vector AAVss-SerpEnh-TTRm-MVM-hFVllicopt-sv40pA

<220>

<221> misc_feature
<222> (508)..(508)
<223>nisa,c,g,ort

<400> 6

cetgcaggea
gggcgaccett
actccatcac

aatattaace

tggtaccgtc
caaggttcat
atcagcaggt
taaaagcccc

ggtttaaggg

aaatcacttt

gectgegeget
tggtcgceeyg
taggggttce

aaggtcacec

tgtctgcaca
atttgtgtag
ttggagtcag
ttcaccagga
atggttggtt

ttttcaggtt

20

19

cgectegetca ctgaggccege
gectcagtga gecgagegage
tgcggccgeg gtacecggege

cagttatecgg aggagcaaac

tttcgtagag cgagtgttcec
gttacttatt ctecttttgt
cttggcaggg atcagcagcc
gaagccgtca cacagatcca
ggtggggnat taatgtttaa

ggctagtatg cagatcgagce

ccgggcaaag ccecgggegte
gegcagagag ggagtggeca
gecgggggag getgetggtg

aggggctaag tccacacgceg

gatactctaa
tgactaagtc
tgggttggaa
caagctcctg
ttacctggag

tgteccacctg

tctecctagg
aataatcaga
ggagggggta
aagaggtaag
cacctgectg

cttttttetg
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60

120

180

240

300

360

420

480

540

600



tgectgctge
tecctgggact
agagtgeccca
gagttcaccyg
ggccccacca
agccaccccg
gagtacgacg
agccacacct
tgecctgacct
ateggcgcte
cacaagttca
aagaacagcc
accgtgaacg
gtgtactgge
gggcacacct
ttecctgaccg
agctctcace
ccccagetge
agcgagatgg
agcgtggeca
tgggactacg
aacaatggcce
gacgagacat
ctgtacggcg

tacaacatct

aagggcgtga
tggaccgtga
tacagcagct
atctgetaca
gtgatcctgt
cggtttetge
atcatgcact
gaggtggcct
ttcagcggcet
ttcagcggceg
cacaacagcg
aagaacaccg

aagaacaacg

ggttctgcectt
acatgcagag
agagcttcce
accacctgtt
teccaggcecga
tgagcctgeca
accagaccag
acgtgtggca
acagctacct
tgectegtcetg
tcctgetgtt
tgatgcagga
gctacgtgaa
acgtgatcgg
ttctggtceg
cccagacact
agcacgacgg
ggatgaagaa
acgtggtgceg
agaagcaccce
cccceetggt
cccageggat
tcaagacccg
aagtgggcga

acccccacgg

agcacctgaa ggacttcccec atcctgcecg

cegtggagga
tcgtgaacat
aagaaagcgt
tcagcgtgtt
ccaaccctgc
ccatcaatgg
actggtacat
acaccttcaa
agacagtgtt
actteccggaa
gcgactacta

ccatcgaacc

cagcgccace
cgacctggge
cttcaacacc
caatatcgcce
ggtgtacgac
cgccgtggge
ccagcgggag
ggtgctgaaa
gagccacgtg
ccgggaggge
cgcecgtgtte
ccgggacgece
cagaagcctg
catgggcacc
gaaccaccgg
gctgatggac
catggaagcc
caacgaggaa
gttcgacgac
caagacctgg
gctggececcce
cggccggaag
ggaggccatce
cacactgctg

catcaccgac

cggccccace
ggaacgggac
ggaccagegg
cgatgagaac
cggcgtgcag
ctacgtgttc
cctgagcatc
gcacaagatg
catgagcatg
ccggggceatg
cgaggacagc

ccggagcettce

cggcggtact
gagetgceecg
agcgtggtgt
aagcccaggc
accgtggtga
gtgagctact
aaagaagatg
gaaaacggcc
gacctggtga
agecctggcca
gacgagggcea
gcctctgeca
ccecggectga
acacccgagg
caggccagece
ctgggcecagt
tacgtgaagg
gccgaggact
gacaacagcc
gtgcactata
gacgacagaa
tacaagaaag
cagcacgaga
atcatcttca

gt.gecggcecee

acctgggcge
tggacgceceg
acaagaaaac
cccectggat
tcacectgaa
ggaaggccag
acaaggtgtt
ccatggcctc
aggacctgaa
aagagaaaac
agagctggca
gagcetggee
ttggctgcca
tgcacagcat
tggaaatcag
tectgetgtt
tggactcttg
acgacgacga
ccagctteat
tegecgecga
gctacaagag
tgcggttcat
gcggcatcct
agaaccaggc

tgtacagcag

cgtggagctg
gtteeceeee
cctgttegtg
gggectgetg
gaacatggcc
cgagggcgec
ccctggegge
cgacccectg
cagcggectg
ccagaccctg
cagcgagaca
caagatgcac
ccggaagagc
ctttctggaa
ccctatcacc
ttgecacate
ccecgaggaa
cctgaccgac
ccagatcaga
ggaagaggac
ccagtacctg
ggcctacacce
gggccecectg
tagcecggcece

geggcetgece

gcgagatctt caagtacaag

aagagcgacc
ctggccteeg
ggcaaccaga
cggtecctggt
ctggaagatc
gactctctge
ggcgcccaga
gtgtacgagg
gaaaaccccg
acegcectge
tacgaggata

agccagaace

ccagatgcct
ggctgatcgg
tcatgagcga
atctgaccga
ccgagttcca
agctctcegt
ccgacttcct
acaccctgac
gcctgtggat
tgaaggtgtc
tcagégccta

cececegtget

gacccggtac
acctetgetg
caagcggaac
gaacatccag
ggccagcaac
gtgtctgcac
gagcgtgttc
cctgttcect
tctgggectge
cagctgcgac
cctgetgtce

gacgcgtcac
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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
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820

2880



cagcgggaga
accatcagcg
agceccagaa
tgggactacg
gtgccccagt
ctgtatagag
gtggaggaca
agcagcctga
gtgaagccca
aaggacgagt
gtgcactctg
cacggccgcece
aagtcctggt
atggaagatc
gacaccctge
atgggcagca
aagaaagaag
gagatgectgc

cacgctggca

atggcctctg
gccceccaagce
cccttcaget
cagggcgeca
ctggacggca
tteggcaatg
cggtacatcc
atgggctgcg
gacgcccaga
aaggccaggce
aaagaatggc
ggcgtgaaaa
gatggccacc
caggactcct
agaatccacc
gaggcccagg
tgatgctatt

ttgcattcat

tcaccecggac
tggagatgaa
gcettecagaa
gcatgagttc
tcaagaaagt
gcgagcectgaa
acatcatggt
tcagctacga
acgaaaccaa
tcgactgcaa
gactgattgg
aggtgaccgt
acttcaccga
ctaccttcaa
ctggecctggt
acgagaatat
agtacaagat
ccagcaaggce

tgagcaccct

gccacatceg
tggccagact
ggatcaaggt
ggcagaagtt
agaagtggca
tggacagcag
ggctgcacce
acctgaactc
tcacagccag
tgcacctgeca
tgcaggtgga
gcctgetgac
agtggaccct
tcaccccegt
cccagtcettg
atctgtactg
gctttatttg

tttatgttte

aaccctgcag
gaaagaggat
gaaaacccgyg
tagceccecac
ggtgttccag
cgagcacctg
gaccttecgg
agaggaccag
gacctacttc
ggectgggec
cccactectg
gcaggaattc
gaatatggaa
agagaactac
gatggcccag
ccacagcatc
ggcectgtac
cggcatctgg

gtttetggtyg

ggacttccag
gcactacagc
ggacctgctg
cagcagcctg
gacctacegg
cggcatcaaqg
cacccactac
ctgcagcatg
cagctactte
gggccggtcee
ctttcagaaa
cagcatgtac
gttctttcag
ggtgaactcc
ggtgcaccag
atgaggatct
taaccattat

aggttcaggqg

tccgaccagg
ttcgatatct
cactacttca
gtgctgcgga
gaattcacag
gggctgetgg
aatcaggcca
cggcagggcyg
tggaaagtgc
tacttcageg
gtctgocaca
gccctgttet
cggaactgca
cggtteccacg
gaccagagaa
cacttcagcg
aacctgtace
cgggtggagt

tacagcaaca

aagagatcga
acgacgagga
ttgecegeegt
accgggccca
acggcagcett
ggcectacat
gcagacccta
ccgaaccceg
agcaccacat
acgtggatct
ctaacaccct
tcaccatctt
gagececeectg
ccatcaacgg
tecggtggta
gccacgtgtt
ceggecgtgatt
gtctgatecgg

agtgccagac

ttacgacgac
cgagaaccagqg
ggagaggctg
gagcggceage
cacccagcct
cagggecgaa
ctecttctac
gaagaacttc
ggcceccace
ggaaaaggac
caaccccgcece
cgacgagaca
caacatccag
ctacatcatg
tcetgetgtcece
cacecgtgegg
cgagacagtg
cgagecacctg

cccactgggce

atcaccgcect
ggcagcatca
gecectatga
tacatcagcc
ggcaacagca
cacaacatct
agcattagat
cctctgggcea
accaacatgt
aacgcctggce
accatgaagg
gtgaaagagt
aacggcaagg
ctggacccce
atcgecctca
aggctcgaca
aagctgcaat

ggagatgtgg

ccggceccagta
acgcctggtce
tcéatccacgg
agttcatcat
ccggcaccet
tcaacceccee
ccacactgag
tggaaagcaa
tegeccacctyg
ggcctcaggt
tgaccggcgt
ttctgatcag
tgaaagtgtt
ccctgctgac
ggatggaagt
tgctttattt
aaacaagtta

gaggtttttt

PRy i R

cggcecagtgg
caccaaagag
cattaagacc
catgtacagc
gatggtgttc
catcattgcece
aatggaactg
ggccatcage
gtecccectee
caacaacccce
gaccacccag
cagctctcag
ccagggcaac
ccgctaccectg
cctgggatgt
gtgaaatttg
acaacaacaa

aaactcgaga

s mde s e

DK/EP 2911687 T3

2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960

4020

4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040

5100

=1 2Nn



Lerasyyeey
gctcactgag
agtgagcgag
gcatctgtge
ggcgcattaa
gcecctagege
cceegtecaag
ctecgacecca
acggtttttc
actggaacaa
atttcggect
aaaatattaa

tagttaagcc

ctccecggeat
ttttcaccgt
taggttaatg
gtgcgcggaa
agacaataac
catttccgtg
ccagaaacgc
atcgaactgg
ccaatgatga
gggcaagagc
ccagtcacag
ataaccatga
gagctaaccg
ccggagctga
gcaacaacgt
ttaatagact
gctggetggt
gcagcactgg
caggcaacta
cattggtaac
ttttaattta
taacgtgagt
tgagatcctt

geggtagttt

agcagagcgce

Layyaatuuu
gccgggegac
cgagcgegea
ggtatttcac
gcgceggeggyg
ccgctecettt
ctctaaateg
aaaaacttga
gccetttgac
cactcaaccc
attggttaaa
cgtttacaat

agcccecgaca

ccgcttacag
catcaccgaa
tcatgataat
ccectatttyg
cctgataaat
tcgceccttat
tggtgaaagt
atctcaacag
gcacttttaa
aactcggtcg
aaaagcatct
gtgataacac
cttttttgca
atgaagccat
tgcgcaaact
ggatggaggc
ttattgectga
ggccagatgg
tggatgaacg
tgtcagacca
aaaggatcta
tttcgttcca
tttttctgeg
gtttgccgga

agataccaaa

Laylyaryya
caaaggtcge
gctgecctgea
accgcatacg
tgtggtggtt
cgctttette
ggggcteect
tttgggtgat
gttggagtcc
tatcteggge
aaatgagctg
tttatggtgce

cccgecaaca

acaagctgtg
acgcgegaga
aatggtttet
tttattttte
gcttcaataa
tccotttitt
aaaagatgct
cggtaagatc
agttctgeta
ccgcatacac
tacggatgge
tgcggccaac
caacatgggg
accaaacgac
attaactgge
ggataaagtt
taaatctgga
taagccctcec
aaatagacag
agtttactca
ggtgaagatc
ctgagcgtca
cgtaatctgc
tcaagagcta

tactgtcctt

grryyetave
ccgacgecceg
ggggegectg
tcaaagcaac
acgcgecageg
ccttecttte
ttagggttce
ggttcacgta
acgttcttta
tattcttttg
atttaacaaa
actctcagta

ccecgetgacg

LerLeLLLyL
ggctttgece
atgcggtatt
catagtacgc
tgaccgectac
tcgccacgtt
gatttagtge
gtgggccatc
atagtggact
atttataagg
aatttaacgce
caatctgctc

cgecectgacg

guyoLeyuee
gggeggecte
ttcteccttac
gecectgtage
acttgccage
cgceggettt
tttacggecac
gcectgatag
cttgttccaa
gattttgceg
gaattttaac
tgatgccgcea

ggcttgtctg

accgtctccg
cgaaagggcc
tagacgtcag
taaatacatt
tattgaaaaa
gcggcatttt
gaagatcagt
cttgagagtt
tgtggcgegg
tattctcaga
atgacagtaa
ttacttetga
gatcatgtaa
gagcgtgaca
gaactactta
gcaggaccac
gccggtgage
cgtatcgtag
atcgctgaga
tatatacttt
ctttttgata
gacccecgtag
tgcttgcaaa
ccaactcttt

ctagtgtagc

ggagctgcat
tcgtgatacg
gtggcacttt
caaatatgta
ggaagagtat
gccttectgt
tgggtgcacg
ttcgecececcga
tattatcecg
atgacttggt
gagaattatg
caacgatcgyg
ctecgecttga
ccacgatgce
ctctagctte
ttctgegete
gtgggtctcg
ttatctacac
taggtgcctce
agattgattt
atctcatgac
aaaagatcaa
caaaaaaacc
ttccgaaggt

cgtagttagg

gtgtcagagg
cctattttta
tcggggaaat
tcegetecatg
gagtattcaa
ttttgctcac
agtgggttac
agaacgtttt
tattgacgce
tgagtactca
cagtgetgec
aggaccgaag
tcgttgggaa
tgtagcaatg
ccggcaacaa
ggcccttceg
cggtatcatt
gacggggagt
actgattaag
aaaacttcat
caaaatccct
aggatcttct
accgctacca
aactggcttce

ccaccacttc
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Juou
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820

5880

5940
6000
6060
6120
€180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
€840
6900
6960
7020
7080
7140
7200
7260
7320

7380



aagaactctg
gccagtggeg
gcgecageggt
tacaccgaac
agaaaggcgg
cttccagggg

gagcgtcgat

tagcaccgcec
ataagtcgtg
cgggectgaac
tgagatacct
acaggtatce
gaaacgcctyg

ttttgtgatg

tacatacctc
tcttaccggy
ggggggtteg
acagcgtgag
ggtaagcgge
gtatctttat

ctcgtcaggg

gctctgctaa
ttggactcaa
tgcacacagce
ctatgagaaa
agggtcggaa
agtcctgtceg

gggcggagec

tcctgttace
gacgatagtt
ccagcettgga
gcgecacget
caggagagcg
ggtttegeeca

tatggaaaaa

geggectttt tacggttcet ggecttttge tggecettttg ctcacatgt

<210>7
<211> 4377
<212> DNA

<213> Artificial

<220>

DK/EP 2911687 T3

agtggctgct 7440
accggataag 7500
gcgaacgace 7560
tccecgaaggg 7620
cacgagggag 7680
cctetgactt 7740
cgccagcaac 7800
7849

<223> Codon-optimized B domain deleted human coagulation factor VIII (hFVIlicopt)

<400>7
atgcagatcg

acccggeggt
ggcgagectge
accagcgtgg
gccaagccca
gacaccgtgg
ggcgtgagcet
gagaaagaag
aaagaaaacgqg
gtggacctgg
ggecagcectgg
ttcgacgagg
gccgecetcetg
ctgccecggee
accacacceqg
cggcaggcca
gacctgggee
gcctacgtga
gaagccgagg
gacgacaaca
tgggtgcact

cecgacgaca

agctgtcecac
actacctggg
ccgtggacge
tgtacaagaa
ggceccececetg
tgatcaccct
actggaaggc
atgacaaggt
geececcatgge
tgaaggacct
ccaaagagaa
gcaagagctg
ccagagcctg
tgattggctg
aggtgcacag
gectggaaat
agttcctget
aggtggactce
actacgacga
geccccagett
atatcgcege

gaagctacaa

ctgctttttt
cgccgtggag
ccggttecece
aaccctgttce
gatgggcetg
gaagaacatg
cagcgagggc
gttcectgge
ctecgacece
gaacagcggce
aacccagacce
gcacagcgag
gcccaagatg
ccaccggaag
catctttctg
cagcectate
gttttgecac
ttgcccegag
cgacctgace
catccagatc
cgaggaagag

gagccagtac

ctgtgcetge
ctgtecctggg
cccagagtgce
gtggagttca
ctgggccceca
gccagccacc
gccgagtacg
ggcagccaca
ctgtgcctga
ctgatcggeg
ctgcacaagt
acaaagaaca
cacaccgtga
agcgtgtact
gaagggcaca
accttcectga
atcagctctc
gaaccccagc
gacagcgaga
agaagcgtgg
gactgggact

ctgaacaatg

tgeggttetyg
actacatgca
ccaagagctt
ccgaccacct
ccatccagge
ccgtgagect
acgaccagac
cctacgtgtg
cctacagcta
ctctgctegt
tcatcctget
gcctgatgea
acggctacgt
ggcacgtgat
cctttetggt
ccgeccagac
accagcacga
tgcggatgaa
tggacgtggt
ccaagaagca
acgcccecct

gcceccageg

cttcagegece
gagcgacctg
ccccttcaac
gttcaatatc
cgaggtgtac
gcacgeegtg
cagccagcgg
gcaggtgcetg
cctgagceac
ctgcecgggag
gttcgecgtg
ggaccgggac
gaacagaagc
cggcatgggce
ccggaaccac
actgcetgatg
cggcatggaa
gaacaacgag
gcggttcgac
ccccaagace
ggtgectggece

gatcggeccgg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320



aagtacaaga
atccagcacg

ctgatcatct

gacgtgcgge
cccatcetge
accaagagcg
gacctggect
aggggcaace
aaccggtcct
cagctggaag
ttegactctce
atcggcgeec
atggtgtacg
atggaaaacc
atgaccgece
agctacgagg
ttcagccaga
cagtccgacc
gatttcgata
cggcactact
cacgtgctge
caggaattca
ctggggetge
cggaatcagg
cagcggcagg
ttctggaaag
gcctacttca
ctggtctgece
ttegecetgt
gaacggaact
taccggttce
caggaccaga
atccacttca

tacaacctgt

tggecgggtgg
gtgtacagca

cagatcacecqg

aagtgeggtt
agagcggcat

tcaagaacca

ccctgtacag
ccggcgagat
accceagatg
ccgggctgat
agatcatgag
ggtatctgac
atccecgagtt
tgcagctcte
agaccgactt
aggacaccct
ccggeetgtg
tgctgaaggt
atatcagcgc
accccceceegt
aggaagagat
tctacgacga
tcattgecge
ggaaccgggc
cagacggcag
tggggceceta
ccagcagace
gcgecgaace
tgcagcacca
gcgacgtgga
acactaacac
tettecaccat
gcagagcccc
acgccatcaa
gaateceggtg
gcggccacgt

accececggegt

agtgtctgat

acaagtgcca

cctecqggeea

catggcctac accgacgaga cattcaagac ccgggaggcece

cctgggececec

ggctagcegg ccctacaaca tctaccccca cggcatcacce

caggcggctg
cttcaagtac
cctgaccegg
cggacctctg
cgacaagcgg
cgagaacatc
ccaggccagce
cgtgtgtetg
cctgagegtg
gaccctgttce
gattctggge
gtccagectge
ctacctgcetg
gctgacgegt
cgattacgac
ggacgagaac
cgtggagagg
ccagageggce
cttcacccag
catcagggcc
ctactecctte
ccggaagaac
catggeccece
tctggaaaag
cctcaacccc
cttcgacgag
ctgcaacatc
cggctacatc
gtatctgctg
gttcaccgtg

gttcgagaca

cggcgagcac ctgcacgctg gcatgagcac cctgtttctg
gaccccactg ggcatggcecect ctggccacat ccgggactte

gtacggccaqg tgaggececca agcetggcecaqg actgcecactac

ctgctgtacg gcgaagtggg cgacacactg

cccaagggceg
aagtggaccg
tactacagca
ctgatctget
aacgtgatee
cagcggtttc
aacatcatgc
cacgaggtgg
ttettcagceg
cctttcageg
tgccacaaca
gacaagaaca
tccaagaaca
caccagcggg
gacaccatca
cagagccceca
ctgtgggact
agcgtgeecee
cetetgtata
gaagtggagg
tacagcagcc
ttcgtgaage
accaaggacg
gacgtgcact
gcccacggcece
acaaagtcct
cagatggaag
atggacaccc
tecatgggeca
cggaagaaag

gtggagatge

tgaagcacct
tgaccgtgga
gcttcecgtgaa
acaaagaaag
tgttecagcgt
tgcecaaccce
actccatcaa
cctactggta
gctacacctt
gcgagacagt
gcgacttceg
ceggecgacta
acgccatcga
agatcacccg
gcgtggagat
gaagcttecca
acggcatgag
agttcaagaa
gaggcgagct
acaacatcat
tgatcagcta
ccaacgaaac
agttcgactg
ctggactgat
gccaggtgac
ggtacttcac
atcctacctt
tgcetggect
gcaacgagaa
aagagtacaa

tgececcagcaa

gaaggacttc
ggacggccec
catggaacgg
cgtggaccag
gttegatgag
tgccggegtg
tggctacgtg
catcctgagce
caagcacaag
gttcatgagce
gaaccgggge
ctacgaggac
accceggage
gacaaccctg
gaagaaagag
gaagaaaacc
ttctagececce
agtggtgttce
gaacgagcac
ggtgaccttce
cgaagaggac
caagacctac
caaggcctgg
tggcccacte
cgtgcaggaa
cgagaatatg
caaagagaac
ggtgatggce
tatccacage
gatggccctg

ggceggeatce
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1380
1440

1500

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300

3360

3420
3480

3540



agcggcagca
ctggeccecta
ctgtacatca
cggggcaaca
aagcacaaca
tacagcatta
atgectetgg
ttcaccaaca
tccaacgect
aaaaccatga
tacgtgaaag
cagaacggca
tecctggace
cagatcgcece
<210> 38

<211>72
<212> DNA

tcaacgcetg
tgatcatcca
geccagttcat
gcaccggceac
tcttcaacce
gatccacact
gcatggaaag
tgttcgecac
ggcggectcea
aggtgaccgg
agtttctgat
aggtgaaagt
ccceccetget

tcaggatgga

<213> Artificial

<220>

gtccaccaaa
cggcattaag
catcatgtac
cctgatggtg
ccccatcatt
gagaatggaa
caaggccatce
ctggtccece
ggtcaacaac
cgtgaccacc
cagcagctcet
gttccagggc
gacccgcectac

agtcctggga

<223> Serpin enhancer (SerpEnh)

<400> 8

gagccectteca
acccagggeg
agcctggacg
ttetteggeca
gcecggtaca
ctgatggget
agcgacgccee
tccaaggcca
cccaaagaat
cagggcgtga
caggatggce
aaccaggact
ctgagaatcc

tgtgaggcecc

gctggatcaa
ccaggcagaa
gcaagaagtg
atgtggacag
tceggectgea
gcgacctgaa
agatcacage
ggctgcacct
ggctgcaggt
aaagcctget
accagtggac
ccttcaccee
accccceagte

aggatctgta

ggtggacctg
gttcagcagce
gcagacctac
cagcggcatc
ccecaceeac
ctcctgeage
cagcagctac
gcagggcegg
ggactttcag
gaccagcatg
cctgttettt
cgtggtgaac
ttgggtgcac

ctgatga

gggggaggct. getggtgaat attaaccaag gtcaccccag ttatcggagg agcaaacagg

ggctaagtce

<210>9
<211> 202
<212> DNA

ac

<213> Artificial

<220>

<223> Minimal transthyretin promoter (TTRm)

<400>9

gtctgtctge acatttcgta gagecgagtgt tccgatactc taatctccet aggcaaggtt

catatttgtg taggttactt attcteccttt tgttgactaa gtcaataatc agaatcagca

ggtttggagt cagcttggca gggatcagca gectgggttg gaaggagggg gtataaadagce

ccettecacca ggagaageceg te

<210>10
<211>92
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<212> DNA
<213> Artificial

<220>
<223> Minute virus mouse (MVM) intron

<220>

<221> misc_feature
<222> (38)..(38)
<223>nisa,c,g,ort

<400> 10

aagaggtaag ggtttaaggg atggttggtt ggtggggnat taatgtttaa ttacctggag 60
cacctgcetg aaatcacttt ttttcaggtt gg 92
<210> 11

<211>134

<212>DNA

<213> Atrtificial

<220>

<223> Simian virus 40 (SV40) polyadenylation signal (pA)

<400> 11

atgctttatt tgtgaaattt gtgatgctat tgctttattt gtaaccatta taagctgcaa 60
taaacaagtt aacaacaaca attgcattca ttttatgttt caggttcagg gggaggtgtg 120
ggaggttttt taaa 134
<210> 12

<211> 7653

<212>DNA

<213> Atrtificial

<220>

<223> pcDNA3_mouseCO_hyPiggyBac_Transposase_MT plasmid

<400> 12

gacggatcgg gagatctcee gatcéccctat ggtcgactct cagtacaate tgctetgatg 60
cegcatagtt aagccagtat ctgctecctg cttgtgtgtt ggaggtcecget gagtagtgeg 120
cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctgc 180
ttagggttag gegttttgeg ctgcttcecgeg cgtggageta gttattaata gtaatcaatt 240
acggggtcat tagttcatag cccatatatg gagttcecgeg ttacataact tacggtaaat 300
ggccegectg getgacegee caacgacecece cgeccattga cgtcaataat gacgtatgtt 360
cacatagtaa cgtcaatagg gactttccat tgacgtcaat gggtggagta tttacggtaa 420

actgcccact tggcagtaca tcaagtgtat catatgccaa gtacgccece tattgacgtce

480



aatgacggta
acttggcagt
tacatcaatg
gacgtcaatg
aactccgccc
agagctegtt
catagaagac
cattggaacg
gcccacaaaa
ttcectaate
ttctaaagaa
atatttctge
aatccagcta
caagctaggc
gcaacgtget
gatgccgceca
agcgacgacg
gacgacgtgc
accagcagcg
ctggccagca
tgctggtcca
agccagaggg
ctgttettca
ctgaagaggc
tacgccttct
gacgacctgt
ttcgacttce
gagaacgacg
cagaactaca
aggtgccect

atgatgtgeg

acccagacca
cacggcagcet
aacctgctgc
gagatccccyg
ttecgacggec
ctgteccagcet

atgtactaca

aatggcccgce
acatctacgt
ggcgtggata
ggagtttgtt
cattgacgca
tagtgaaccg
accgggaccg
cggattccce
aatgctttct
tctttettte
taacagtgat
atataaattg
ccattctget
cettttgcta
ggtctgtgtg
ccatgggcag
agctggtcgg
agtccgacac
gctecgagat
acaggatcct
cctccaagcee
gccccaccag
ccgacgagat
gggagagcat
tcggecatcet
tcgacagate
tgatcagatg
tgttcaccce
cccetggege
tcagggtgta

acagcggcac

acggcgtgcce
gcagaaacat
aggagcccta
aggtcctgaa
ccetgacect
gcgacgagga

accagaccaa

ctggcattat
attagtcatc
gcggtttgac
ttggcaccaa
aatgggcggt
tcagatcgec
atccagcctc
gtgccaagag
tcttttaata
agggcaataa
aatttctggg
taactgatgt
tttattttat
atcatgttca
ctggecccate
cagecctggac
cgaggacagc
cgaggaggcce
cctggacgag
gaccctgcec
caccaggcgg
gatgtgcagg
catcagcgag
gaccagcgcc
ggtgatgacc
cctgagcecatg
cctgaggatg
cgtgagaaag
ccacctgacc
tatccccaac

caagtacatg

cctgggegag
cacctgcgac
caagctgacc
gaacagcagg
ggtgtcctac

cgccagcatc

gggcggegtg

gcccagtaca
gctattacca
tcacggggat
aatcaacggg
aggcgtgtac
tggagacgcc
cgcggattcg
tgacgtaagt
tacttttttg
tgatacaatg
ttaaggcaat
aagaggttte
ggttgggata
tacctcttat
actttggcaa
gacgagcaca
gacagcgagg
ttcatcgacg
cagaacgtga
cagaggacca
agcagggtgt
aacatctacg
atcgtgaagt
accttcaggg
gccgtgadga
gtgtacgtga
gacgacaaga
atctgggacc
atcgacgagc
aagcccagca

atcaacggca

tgaccttatg
tggtgatgcg
ttccaagtct
actttccaaa
ggtgggaggt
atccacgctg
aatccecggece
accgcectata
tttatcttat
tatcatgccect
agcaatattt
atattgctaa
aggctggatt
cttecctceca
agaattggga
tcctgagege
tgagcgacca
aggtgcacga
tcgagcagcee
tcaggggcaa
ccgeectgaa
acccectget
ggaccaacgc
acaccaacga
aggacaacca
gegtgatgag
gcatcaggec
tgttcatcca
agctgctggg
agtacggcat

tgcectacet

ggactttcct
gttttggcag
ccaccceatt
atgtcgtaac
ctatataagc
ttttgaccte
gggaacggtg
gagtctatag
ttctaatact
ctttgecacca
ctgcatataa
tagcagctac
attctgagtc
cagctcctgg
ttcgaacatc
cctgetgecag
cgtgagcgag
ggtgcagcct
cggcagctce
gaacaagcac
catcgtgaga
gtgcttcaag
cgagatcagc
ggacgagatc
catgagecacce
cagggacaga
caccctgegg
cecagtgcatc
cttcagggge
caagatectg

gggcaggggce

tactacgtga aggagctgtc caagccegtc

aactggttca
atcgtgggca
tccaggecceg
aagcccaage
aacgagagca

gacaccctgg

AL i i e

ccagcatcce
ccgtgagaag
tgggcaccag
ccgccaagat
ccggcaagec

accagatgtg

cctggccaag
caacaagaga
catgttctge
ggtgtacctg
ccagatggtg

cagcgtgatg
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acurygcagca
gcectgecatea
cagagccgga
aagaggctgg
cccaaggagg
acctactgca
tgtaagaagg
gagcatgcat
agcctcgact
cttgaccctg
gcattgtctg
ggaggattgg
ggcggaaaga
aagcgcggeg
gecegetect
agctctaaat
caaaaaactt
tcgeectttg
aacactcaac
ctattggtta
gtgtgtcagt
catgcatcte
aagtatgcaa

catcecgece

ttttatttat
aggctttttt
cggatctgat
cgcaggttet
aatcggetge
tgtcaagacc
gtggctggec
aagggactgg
tcctgeccgag
ggctacctge
ggaagccggt
cgaactgttc
tggcgatgee

ctgtggcegg

gaaagaccaa
acagcttcat
aaaagttcat
aggcececeac
tgecceeggeac
cctactgtece
tecatctgccg
ctagagggcce
gtgccttcta
gaaggtgcca
agtaggtgtc
gaagacaata
accagctggg
ggtgtggtgg
ttcgctttet
cggggcatcc
gattagggtg
acgttggagt
cctatctcgg
aaaaatgagc
tagggtgtgg
aattagtcag
agcatgcatc

ctaactecge

gcagaggccg
ggaggcctag
caagagacag
ccggecgett
tctgatgeeg
gacctgtccg
acgacgggcg
ctgctattgg
aaagtatcca
ccattcgace
cttgtcgatc
gccaggetca
tgcttgeccga

ctgggtgtgg

caggrggece
catctacage
gcggaacctg
cctgaagaga
cagcgacgac
cagcaagatc
ggagcacaac
ctattctata
gttgccagece
ctcccactgt
attctattet
gcaggcatge
gctctagggg
ttacgcgcag
tccettecett
ctttagggtt
atggttcacg
ccacgttctt
tctattettt
tgatttaaca
aaagtcccca
caaccaggtg
tcaattagtc

ccagttecge

aggccgecte
gcttttgcaa
gatgaggatc
gggtggagag
ccgtgttecg
gtgccctgaa
tteccttgege
gcgaagtgecc
tcatggctga
accaagcgaa
aggatgatct
aggcgegeat
atatcatggt

cggaccgcta

aaagctcccg
gtttcgeatg
gctattegge
gctgtcageg
tgaactgcag
agctgtgete
ggggcaggat
tgcaatgcgg
acatcgcatc
ggacgaagag
gcccgacgge
ggaaaatggc

tcaggacata

acyggeccrye
cacaacgtga
tacatgggcc
tacctgaggg
agcaccgagg
agaagaaagg
atcgacatgt
gtgtcaccta
atctgttgtt
cctttectaa
ggggggtggg
tggggatgceg
gtatccccac
cgtgaceget
tetcogceacy
ccgatttagt
tagtgggcca
taatagtgga
tgatttataa
aaaatttaac
ggctccccag
tggaaagtcc
agcaaccata

ccattetceg

ggagcttgta
attgaacaag
tatgactggg
caggggcgec
gacgaggcag
gacgttgtca
ctectgtcat
cggctgcata
gagcgagcac
catcaggggc
gaggatcteg
cgettttety

gecgttggcta

Tgtagygygedn
gcagcaaggg
tgacctccag
acaacatcag
agccecgtgat
ccagcgccag
gccagagcetg
aatgctagag
tgccecteee
taaaatgagg
gtggggcagg
gtgggctcta
gcgccctgta
acacttgcca
ttecgeegget
gctttacgge
tecgecectgat
ctettgttee
gggattttgg
gcgaattaat
gcaggcagaa
ccaggctcec
gtccegeccce

ceccecatgget

gatcaacdre
cgagaaggtg
cttcatgagg
caacatcctg
gaagaagagg
ctgcaagaag
tttctgacte
ctcgetgate
ccgtgectte
aaattgcatc
acagcaaggqg
tggcttctga
gcggegeatt
gecgccctage
ttcecegteca
acctcgacce
agacggtttt
aaactggaac
ggatttegge
tctgtggaat
gtatgcaaag
cagcaggcag
taactccgece

gactaatttt

tgcctectgag ctattccaga agtagtgagg
tatccatttt
atggattgca
cacaadcagac
cggttctttt
cgcggctate
ctgaagcggg
ctcaccttge
cgcttgatec
gtactcggat
tcgcgcecage
tecgtgacccea
gattcatcga

ceccgtgatat
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zozvy
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140

4200

4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4380

5040



tgctgaagag
tcecegatteg
ctggggttcg
accgccgect
atcctccage
gcttataatg
tcactgcatt
ccgtcgacct
tgttatcege
ggtgcctaat
tecgggaaacce
ttgcgtattg
ctgcggcgag
gataacgcag
gccgcgttge
cgctcaagtc
ggaagctccc

tttetecectt

gtgtaggtcg
tgecgecttat
ctggcagcag
ttcttgaagt
ctgctgaage
accgctggta
tctcaagaag
cgttaaggga
taaaaatgaa
caatgcttaa
gcctgactce
gctgcaatga
ccagccggaa
attaattgtt
gttgeccattg
tceggttcee
agctcctteg
gttatggcag

actggtgagt

cttggcggcg
cagcgcatcg
aaatgaccga
tctatgaaag
gcggggatct
gttacaaata
ctagttgtgg
ctagctagag
tcacaattec
gagtgagcta
tgtcgtgcca
ggcgetctte
cggtatcage
gdaagaacat
tggcgttttt
agaggtggcg
tcgtgegcete

cgggaagegt

ttcgectcecaa
ccggtaacta
ccactggtaa
ggtggcctaa
cagttacctt
gcggtggttt
atcetttgat
ttttggtcat
gttttaaatc
tcagtgaggce
cegtegtgta
taccgcgaga
gggccgageg
gccgggaage
ctacaggcat
aacgatcaag
gtcctcecgat
cactgcataa

actcaaccaa

aatgggctga
ccttectateg
ccaagegacyg
gttgggcttc
catgctggag
aagcaatagc
tttgtccaaa
cttggcgtaa
acacaacata
actcacatta
gctgcattaa
cgcttecteg
tcactcaaag
gtgagcaaaa
ccataggctc
aaacccgaca
tcetgttecg

ggcegetttcet

gctgggetgt
tcgtcttgag
caggattagc
ctacggctac
cggaaaaaga
ttttgtttge
cttttctacg
gagattatca
aatctaaagt
acctatctca
gataactacg
cccacgctca
cagaagtggt
tagagtaagt
cgtggtgtca
gcgagttaca
cgttgtcaga
ttctcttact

gtcattctga

ccgcttceete
cettettgac
cccaacctge
ggaatcgttt
ttcttegeee
atcacaaatt
ctcatcaatg
tcatggtcat
cgagccggaa
attgcgttge
tgaatcggcece
ctcactgact
gcggtaatac
ggccagcaaa
cgcecccectg
ggactataaa
accctgecge

caatgctcac

gtgctttacg
gagttcttet
catcacgaga
tccgggacge
accccaactt
tcacaaataa
tatcttatca
agctgtttcce
gcataaagtg
getecactgee
aacgcgcggg
cgctgcgetc
ggttatccac
aggccaggaa
acgagcatca
gataccaggc
ttaceggata

getgtaggta

gtatcgecge
gagcgggact
tttcgattce
cggctggatg
gtttattgca
agcatttttt
tgtctgtata
tgtgtgaaat
taaagectgg
cgetttececag
gagaggcggt
ggtcgttcag
agaatcaggg
ccgtaaaaag
caaaaatcga
gttteccceet
cctgtecgee

tctecagttcg
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5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060

6120

gtgcacgaac
tccaaccegg
agagcgaggt
actagaagga
gttggtaget
aagcagcaga
gggtctgacg
aaaaggatct
atatatgagt
gcgatctgte
atacgggagg
ccggctccag
cctgcaactt
agttegecag
cgctegtegt
tgatcccceca
agtaagttgg
gtcatgccat

gaatagtgta

cececegttca
taagacacga
atgtaggcgg
cagtatttgg
cttgatcecgg
ttacgcgcag
ctcagtggaa
tcacctagat
aaacttggte
tatttcgttc
gcttaccatce
atttatcagc
tatccgecte
ttaatagttt
ttggtatgge
tgttgtgcaa
ccgcagtgtt
ccgtaagatg

tgcggcgacce

gcecegacege
cttatcgcecca
tgctacagag
tatctgcgcet
caaacaaacc
aaaaaaagga
cgaaaactca
ccttttaaat
tgacagttac
atccatagtt
tggccceccagt
aataaaccag
catccagtet
gcgcaacgtt
ttcattcage
aaaagcggtt
atcactcatg
cttttctgtg

gagttgctct

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260



tgceceggegt
attggaaaac
tcgatgtaac
tctgggtgag
aaatgttgaa
tgtctcatga
cgcacattte
<210> 13

<211> 8514
<212> DNA

caatacggga
gttecttcggg
ccactcgtge
caaaaacagg
tactcatact
gcggatacat

cccgaaaagt

<213> Artificial

<220>

taataccgcg
gcgaaaactc
acccaactga
aaggcaaaat
cttccttttt
atttgaatgt

gcecacctgac

ccacatagca
tcaaggatct
tcttcagecat
gccgcaaaaa
caatattatt
atttagaaaa

gtec

gaactttaaa
taccgcetgtt
cttttacttt
agggaataag
gaagcattta

ataaacaaat

agtgctcatce
gagatccagt
caccagcgtt
ggcgacacgg
tcagggttat

aggggttecg
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7320
7380
7440
7500
7560
7620

7653

<223> PB_Minimal_T_(T53C-C136T)_D4Z4_TTRminSerpMVM_hFVllicopt_SV40pA_D4 Z4

transposon

<220>

<221> misc_feature
<222> (1335)..(1335)
<223>nisa,c,g,ort

<400> 13
ctaaattgta

attttttaac
gatagggttg
caacgtcaaa
ctaatcaagt
ccccegattt
agcgaaagga
cacaccecgee
caactgttgg
gggatgtgcet
taaaacgacg
taaagataat
tttattaatt
ttcaacaaac
tcttctataa
tatagagggg
ggagggaggc

gtcaccccag

PRV NP DR ay S

agcgttaata
caataggccg
agtgttgttc
gggcgaaaaa
tttttggagt
agagcttgac
gcgggegeta
gegettaatg
gaagggcgat
gcaaggcgat
gccagtgage
catgcgtaaa
tgaatagata
aatttattta
agtaacaaaa
cggaagggac
ggccgeggta

ttatcggagg

ke e s n o S

ttttgttaaa
aaatcggcaa
cagtttggaa
ccgtctatca
cgaggtgcceg
ggggaaagcce
gggcgetgge
cgcecgctaca
eggtgcgggc
taagttgggt
gecgcttaacce
attgacgcat
ttaagtttta
tgtttattta
cttttatcga
gttaggaggg
ecggegegee

agcaaacagg

de i e i

attcgcgtta
aatcccttat
caagagtcca
gggcgatgge
taaagcacta
ggcgaacgtg
aagtgtagcg
gggcgegtce
ctcttcgcta
aacgccaggg
ctagaaagat
gtgttttatc
ttatatttac
tttattaaaa
taacttcgta
aggcagggag
gggggaggct

ggctaagtcc

aatttttgtt
aaatcaaaag
ctattaaaga
ccactacgtg
aatcggaacce
gcgagaaagg
gtcacgctge
cattcgccat
ttacgccagce
tttteccagt
aatcatattg
ggtctgtata
acttacatac
aaaaacaaaa
taatgtatgce
gcagggaggce
gctggtgaat

acacgcgtgg

aaatcagctc
aatagaccga
acgtggactc
aaccatcacc
ctaaagggag
aagggaagaa
gcgtaaccac
tcaggctgeg
tggcgaaagg
cacgacgttg
tgacgtacgt
tcgaggttta
taataataaa
actcaaaatt
tatacgaagt
agggaggaac
attaaccaag

taccgtetgt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

11 AN



cvLycacaci
tgtgtaggtt
gagtcagctt
accaggagaa
gttggttggt
tcaggttgge
tctgcttcag
tgcagagcga
gcttecectt

acctgttcaa

aggccgaggt
gectgcacge
agaccagcca
tgtggcaggt
gctacctgag
tcgtctgecg
tgctgttcge
tgcaggaceg
acgtgaacag
tgatcggcat
tggtcceggaa
agacactgcet
acgacggcat
tgaagaacaa
tggtgcggtt
agcaccccaa
ccectggtget
agcggatcgg
agacccggga
tgggcgacac
cccacggcat
acctgaagga
tggaggacgg
tgaacatgga
aaagcgtgga
gcgtgttcega
accctgeegg

tcaatggcta
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CcyLayayiya yLytLtiLilyal acleiaalllL Coltaygutaa ygyLiiatart LL4v
acttattctc cttttgttga ctaagtcaat aatcagaatc agcaggtttg 1200
ggcagggatec agcagcctgg gttggaagga gggggtataa aagceccttce 1260
gccgtcacac agatccacaa gctcectgaag aggtaagggt ttaagggatg 1320
ggggnattaa tgtttaatta cctggagcac ctgcctgaaa tcactttttt 1380
tagtatgcag atcgagctgt ccacctgctt ttttctgtge ctgetgeggt 1440
cgccacccgg cggtactacce tgggegecgt ggagctgtce tgggactaca 1500
cctgggcgag ctgcccgtgg acgcccggtt ccccceccaga gtgcccaaga 1560
caacaccagc gtggtgtaca agaaaaccct gttecgtggag ttcaccgacce 1620
tatecgccaag cccaggccecce cctggatggg cctgectggge cccaccatce 1680
gtacgacacc gtggtgatca ccctgaagaa catggccagce caccecegtga 1740
cgtgggcgtg agctactgga aggccagcga gggcgccgag tacgacgace 1800
gcgggagaaa gaagatgaca aggtgttccce tggcggcage cacacetacg 1860
getgaaagaa aacggcccca tggcctcega cecccctgtge ctgacctaca 1920
ccacgtggac ctggtgaagg acctgaacag cggcctgatc ggegectctge 1980
ggagggcagc ctggccaaag agaaaaccca gacectgcac aagttcatce 2040
cgtgttcgac gagggcaaga gctggcacag cgagacaaag aacagcectga 2100
ggacgccgcee tctgeccagag cctggccecaa gatgcacacc gtgaacggcet 2160
aagcctgccc ggcctgattg gctgccaccg gaagagcegtg tactggcacg 2220
gggcaccaca cccgaggtgc acagcatctt tctggaaggg cacacctttc 2280
ccaceggcag gccagcctgg aaatcagcee tatcacctte ctgaccgece 2340
gatggacctg ggccagttcec tgcectgttttg ccacatcage tectcaccage 2400
ggaagcctac gtgaaggtgg actcttgecc cgaggaacce cagctgcgga 2460
cgaggaagcc gaggactacg acgacgacct gaccgacagc gagatggacg 2520
cgacgacgac aacagcccca gcttcatceca gatcagaagce gtggccaaga 2580
gacctgggtyg cactatatég ccgccgagga agaggactgg gactacgecce 2640
ggccccecgac gacagaagcet acaagagcca gtacctgaac aatggccccc 2700
ccggaagtac aagaaagtgc ggttcatggc ctacaccgac gagacattca 2760
ggccatccag cacgagageg gcatcctggg cccectgetg taecggcegaag 2820
actgctgatc atcttcaaga accaggctag ccggccctac aacatctacc 2880
caccgacgtg cggcccctgt acagcaggcg gctgcccaag ggcecgtgaagce 2940
cttcececcatc ctgcccggeg agatcttcaa gtacaagtgg accgtgaccg 3000
ccccaccaag agcgacccca gatgcctgac ccggtactac agcagctteg 3060
acgggacctg gccteccggge tgatcggacc tctgetgate tgectacaaag 3120
ccageggggc aaccagatca tgagcgacaa gcggaacgtg atcctgttca 3180
tgagaaccgg tcctggtatc tgaccgagaa catccagcegg tttctgocca 3240
cgtgcagctg gaagatcccg agttccagge cagcaacatc atgcactcca 3300
cgtgttcgac tctetgcage tetecegtgtg tctgecacgag gtggcctact 3360
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ggtacatcct gagcatecgge gceccagaccg acttcctgag cgtgttctte ageggctaca 3420

ccttcaagca caagatggtg tacgaggaca ccctgaccct gttecctttec ageggcgaga 3480

cagtgttcat gagcatggaa aaccceggec tgtggattet gggectgecac aacagegact 3540

teceggaaccg gggcatgace gcectgctga aggtgtcecag ctgegacaag aacaceggeg 3600

actactacga ggacagctac gaggatatca gcgcctacct gctgtccaag aacaacgcca 3660
tcgaaccceg gagecttcage cagaacccece ccgtgcectgac gegtcaccag cgggagatca 3720
cccggacaac cctgcagtcc gaccaggaag agatcgatta cgacgacacc atcagcgtgg 3780
agatgaagaa agaggatttc gatatctacqg acgaggacga gaaccagagc cccagaagcet 3840
tcécagaagaa aacccggcac tacttecattg ccgcegtgga gaggcectgtgg gactacggca 3900
tgagttctag cccccacgtg ctgcggaacc gggeccagag cggcagegbtg ccccagttca 3960
agaaagtggt gttccaggaa ttcacagacg gcagcttcac ccagcctctg tatagaggcg 4020
agctgaacga gcacctgaggg ctgctgggge cctacatcag ggecgaagtg gaggacaaca 4080
tcatggtgac cttccggaat caggccagca gaccctactc cttctacage agcctgatca 4140
gctacgaaga ggaccagcgg cagggcgccg aaccccggaa gaacttcgtg aagceccaacg 4200
aaaccaagac ctacttctgg aaagtgcagc accacatgge ccccaccaag gacgagtteg 4260
actgcaaggc ctgggcctac ttcagecgacg tggatctgga aaaggacgtg cactctggac 4320
tgattggcce actcetggte tgccacacta acaccctcaa cccegcccac ggccgccagg 4380
tgaccgtgca ggaattcgee ctgttcttca ccatcttcga cgagacaaag tectggtact 4440
tcaccgagaa tatggaacgg aactgcagag cecccctgcaa catccagatg gaagatccta 4500
ccttcaaaga gaactaccgg ttccacgcca tcaacggcta catcatggac accctgectg 4560
gcctggtgat ggcecccaggac cagagaatcc ggtggtatct getgtccatg ggcagcaacg 4620
agaatatcca cagcatccac ttcagcggee acgtgttcac cgtgcggaag aaagaagagt 4680
acaagatggc cctgtacaac ctgtaccccg gcocgtgttcga gacagtggag atgctgccca 4740
gcaaggccgg catctggegg gtggagtgtce tgatcggcga gcacctgcac getggcatga 4800
gcacccectgtt tctggtgtac agcaacaagt gecdagacece actgggeatg gecctetggece 4860
acateccggga cttccagatc accgectccg geccagtacgg ccagtgggec cccaagetgg 4920
ccagactgca ctacagcggc agcatcaacg cctggtccac caaagagccce ttcagctgga 4980
tcaaggtgga cctgctggce cctatgatca tccacggcat taagacccag ggcgccaggce 5040
agaagttcag cagcctgtac atcagccagt tcatcatcat gtacagcctg gacggcaaga 5100
agtggcagac ctaccgggge aacagcaccg gcacccetgat ggtgttette ggcaatgtgg 5160
acagcagcgg catcaagecac aacatcttca acccccccat cattgecccgg tacatcegge 5220
tgcaccccac ccactacagec attagatcca cactgagaat ggaactgatg ggctgcgacce 5280
tgaactcétg cagecatgeet ctgggcatgg aaagcaaggc catcagcgac gcccagatca 5340
cagccagcag ctacttcacec aacatgttcg ccacctggtc ccccteccaag gecaggetge 5400
acctgcaggg ccggtcecaac gectggegge ctcaggtcaa caaccccaaa gaatggetge 5460
aggtggactt tcagaaaacc atgaaggtga ccggcgtgac cacccaggge gtgaaaagcc 5520

tgctgaccag catgtacgtg aaagagtttc tgatcagcag ctctcaggat ggeccaccagt 5580



ggaccctgtt
ceccecgtggt
agtcttgggt
tgtactgatg
ttatttgtaa
atgtttcagg
ggaagggacg
acttcgtata
ataagttate
taaaagtcac
aatcagtgac
gatgtcctaa
gaatgcatgc
catggtcata
gagccggaag
ttgcgttgcg
gaatcggcca
tcactgactc
cggtaatacg
gccagcaaaa
gccecectga
gactataaag
cectgeeget
atagctcacg
tgcacgaacc
ccaacceggt
gagcgaggta
ctagaaggac
ttggtagcetc

agcagcagat

ggtctgacge
aaaggatctt
tatatgagta
cgatctgtet
tacgggaggg
cggctccaga
ctgcaacttt

gttcgccagt
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ctttcagaac ggcaaggtga aagtgttcca gggcaaccag gactccttca 5640
gaactccctg gacccececec tgctgacceg ctacctgaga atccaccecec 5700
gcaccagatc gccctcagga tggaagtcet gggatgtgag gcccaggatc 5760
aggatctagg ctcgacatgc tttatttgtg aaatttgtga tgctattget 5820
ccattataag ctgcaataaa caagttaaca acaacaattg cattcatttt 5880
ttcaggggga ggtgtgggag gttttttaaa ctcgagaccg gtagaggggce 5940
ttaggaggga ggcagggagg cagggaggca gggaggaacg gagggagata 6000
atgtatgcta tacgaagtta tgatatctat aacaagaaaa tatatatata 6060
acgtaagtag aacacgaaat aacaatataa ttatcecgtatg agttaaatct 6120
gtaaaagata atcatgcgtc attttgactc acgcggttgt tatagtteaa 6180
acttaccgca ttgacaagca cgcctcacgg gagctccaag cggcgactga 6240
atgcacagcg acggattcgc gctatttaga aagagagagc aatatttcaa 6300
gtcaatttta cgcagactat ctttctaggg ttaagcgegce ttggegtaat 6360
getgtttect gtgtgaaatt gttatccgct cacaattcca cacaacatac 6420
cataaagtgt aaagcctggg gtgcctaatg agtgagctaa ctcacattaa 6480
ctcactgcee gectttccagt cgggaaacct gtcgtgcoccag ctgcattaat 6540
acgcgcgggg agaggeggtt tgegtattgg gegetcttee gettcectege 6600
gctgcegctcg gtcegttegge tgecggegage ggtatcaget cactcaaagg 6660
gttatccaca gaatcagggg ataacgcagg aaagaacatg tgagcaaaag 6720
ggccaggaac cgtaaaaagg ccgcgttget ggecgtttttc cataggctce 6780
cgagcatcac aaaaatecgac gctcaagtca gaggtggcga aacccgacag 6840
ataccaggcg tttccececctg gaagctecct cgtgegetcet cectgttecga 6900
taccggatac ctgtccgcect ttctecette gggaagegtyg gegetttcete 6960
ctgtaggtat ctcagttcgg tataggtcgt tegctccaag ctgggctgatg 7020
cccecgttecag cccgaceget gegecttate cggtaactat cgtcecttgagt 7080
aagacacgac ttatcgccac tggcagcagc cactggtaac aggattagca 7140
tgtaggeggt gctacagagt tcttgaagtg gtggcctaac tacggcetaca 7200
agtatttggt atctgegctc tgctgaagec agttaccttce ggaaaaagag 7260
ttgatccggec aaacaaacca ccgectggtag cggtggtttt tttgtttgca 7320
tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg 7380
tcagtggaac gaaaactcac gttaagggat tttggtcatg agattatcaa 7440
cacctagatc cttttaaatt adaaatgaag ttttaaatca atctaaagta 7500
aacttggtct gacagttacc aatgcttaat cagtgaggca cctatctcag 7560
atttecgttca tccatagttg cctgactecce cgtegtgtag ataactacga 7620
cttaccatct ggcecccagtg ctgcaatgat accgcgagac ccacgctcac 7680
tttatcagca ataaaccagc cagccggaag ggeccgagcegce agaagtggtce 7740
atccgectce atccagtcta ttaattgttyg cecgggaaget agagtaagta 7800
taatagtttg cgcaacgttg ttgccattge tacaggcatc gtggtgtcac 7860
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getegtegtt tggtatgget tcattcaget cecggttcecca acgatcaagg cgagttacat 7920
gatcccccat gttgtgcaaa aaagcggtta gctccttegg tcctccgatc gttgtcagaa 7980
gtaagttggc cgcagtgtta tcactcatgg ttatggcagc actgcataat tctcttactg 8040
tcatgccatc cgtaagatgec ttttctgtga ctggtgagta ctcaaccaag tcattctgag 8100
aatagtgtat gcggcgaccg agttgctett gccecggegtce aatacgggat aataccgege 8160
cacatagcag aactttaaaa gtgctcatca ttggaaaacg ttcttecgggg cgaaaactct 8220
caaggatctt accgctgttg agatccagtt cgatgtaacc cactegtgca cccaactgat 8280
cttcagcate ttttactttc accagegttt ctgggtgage aaaaacagga aggcaaaatg 8340
ccgcaaaaaa gggaataagg gcgacacgga aatgttgaat actcatacte ttecttttte 8400
aatattattg aagcatttat cagggttatt gtctcatgag cggatacata tttgaatgta 8460
tttagaaaaa taaacaaata ggggttccgc gcacatttcc ccgaaaagtg ccac 8514
<210> 14

<211> 5097

<212>DNA

<213> Artificial

<220>

<223> PB_micro_T_No_ins_TTRminSerpMVM_FIXco_bghpA transposon
<400> 14

ctaaattgta agcgttaata ttttgttaaa attcgecgtta aatttttgtt aaatcagetce 60
attttttaac caataggccg aaatcggcaa aatcccttat aaatcaaaag aatagaccga 120
gatagggttg agtgttgttc cagtttggaa caagagtcca ctattaaaga acgtggactc 180
caacgtcaaa gggcgaaaaa ccgtctatca gggcgatggc ccactacgtg aaccatcacc 240
ctaatcaagt tttttggggt cgaggtgccg taaagcacta aatcggaacc ctaaagggag 300
ccececgattt agagcttgac ggggaaagcc ggcgaacgtg gecgagaaagg aagggaagaa 360
agcgaaagga gcgggcgceta gggegetgge aagtgtageg gtcacgcectge gegtaaccac 420
cacacccgee gegcttaatg cgeccgetaca gggegegtece cattcogecat tcaggetgeg 480
caactgttgg gaagggcgat cggtgcgggc ctcttegcta ttacgccage tggcgaaagg 540
gggatgtget gcaaggcgat taagttgggt aacgccaggg ttttcecdcagt cacgacgttg 600
taaaacgacg gccagtgagc gegcttaacc ctagaaagat aatcatattg tgacgtacgt 660
taaagataat catgcgtaaa attgacgcat gataacttcg tataatgtat gctatacgaa 720
gttatgcggc cgcggtaccg gcecgegecggg ggaggcectget ggtgaatatt aaccaaggtce 780
acceccagtta tcggaggagc aaacaggggce taagtccaca cgcgtggtac cgtctgtetg 840
cacatttcgt agagegagtg ttecgatact ctaatctcce taggcaaggt tcatatttgt 900
gtaggttact tattctcctt ttgttgacta agtcaataat cagaatcagc aggtttggag 960
tcagcttggc agggatcagc agecctgggtt ggaaggaggg ggtataaaag ccccttecacce 1020
aggagaagcc gtcacacaga tccacaagct cctgaagagg taagggttta agggatggtt 1080
ggttggtggg gtattaatgt ttaattacet ggagcacctg cctgaaatca ctttttttca 1140



ggttgggcta
tcaccatctg
agaacgccaa
tecgtgcaggg
gcgaggtgtt
accagtgcga
acgagtgctg
acatcaagaa
gcagctgcac
cctteccectg
tgttccecga
cccagagcac
ccggecagtt
gcatcgtgaa
tcacegtggt
acgtgatccg
acatcgecct
gcatcgecga
gctggggceg

ccctggtgga

tetgegecgy
acgtgaccga
gcgccatgaa
aggagaagac
aaaattaaca
ctgtgcctte
tggaaggtgce
tgagtaggtg
gggaagacaa
aagttatgca
aatcatggtc
tacgageegg
taattgcegtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca

tcecgeeccee

gcccaccatg
cctgectgggce
caagatecty
caacctggag
cgagaacace
gagcaaccec
gtgcccectte
cggccgetge
cgagggctac
cggccgegtg
cgtggactac
ccagagcttc
ccecctggcag
cgagaagtgg
ggccggcegag
catcatccee
gctggagctg
caaggagtac
cgtgttccac

ccgecgccace

cttccacgag
ggtggagggc
gggcaagtac
caagctgacce
gcccececec
tagttgccag
cactcccact
tcattctatt
tagcaggcat
tgcgtcaatt
atagctgttt
aagcataaag
gcgctcactg
ccaacgcgcg
ctecgetgege
acggttatcc
aaaggccagg

tgacgagcat

cagcgcgtga
tacctgctga
aaccgececa
cgcgagtgca
gagcgcacca
tgcctgaacg
ggcttcgagg
gagcagttct
cgcctggecg
agcgtgagcec
gtgaacagca
aacgacttca
gtggtgctga
atcgtgaccg
cacaacateg
caccacaact
gacgagcccece
accaacatct
aagggccgca

tgcctgegeca

ggcggcecgeg
accagcttcc
ggcatctaca
taatgaaaga
cccececcect
ccatectgttg
gtcettteet
ctggggggtyg

gctggggacc

ttacgcagac
cctgtgtgaa
tgtaaagcct
ccegetttee
gggagaggcg
tcggtegttce
acagaatcag
aaccgtaaaa

cacaaaaatc

acatgatcat
gcgccgagtg
agcgctacaa
tggaggagaa
ccgagttctg
gcggcagctg
gcaagaactg
gcaagaacag
agaaccagaa
agaccagcaa
ccgaggcega
cccgegtggt
acggcaaggt
ccgeccactg
aggagaccga
acaacgccge
tggtgctgaa
tcetgaagtt
gcgcectggt

gcaccaagtt

ggccgagage
caccgtgttc
cagcggcaag
gtgcagcttc
gaagcagtac
caaggacgac
cgagctggac
cgccgacaac
gagctgcgag
gctgaccecge
gaccatcctg
gggcggcgag
ggacgccttc
cgtggagace
gcacaccgag
catcaacaag
cagctacgtg
cggcagegge
gctgecagtac

caccatctac

cceggectga
ctggaccacg
ctggaggagt
gaggaggecec
gtggacggcg
atcaacagct
gtgacctgca
aaggtggtgt
cccgecgtge
gccgaggccg
gacaacatca
gacgccaagc
tgecggecggca
ggcgtgaaga
cagaagcgca
tacaaccacg
acccceatcet
tacgtgagcg
ctgegegtge

aacaacatgt

acagctgcca
tgaccggcat
ccaaggtgag
tggatttcca
gcagatctag
tttgccecte
aataaaatga
gggtggggea
ggtataactt
tatctttecta
attgttatec
ggggtgccta
agtcgggaaa
gtttgcgtat
ggctgcggeg
gggataacgc
aggccgegtt

gacgctcaag

gggcgacage
catcagctgg
cegectacgtg
aggttaattce
agctcgetga
ccecegtgect
ggaaattgca
ggacagcaag
cgtataatgt
gggttaagcg
gctcacaatt
atgagtgagc
cetgtegtge
tgggcgctct
agcggtatca
aggaaagaac
gctggegttt

tcagaggtgyg

ggeggcecce
ggcgaggagt
aactggatca
attggaattg
tcagecctcga
tecttgacce
tcgecattgte
ggggaggatt
atgctatacg
cgcttggegt
ccacacaaca
taactcacat
cagctgeatt
teegettect
gctcactcaa
atgtgagcaa
ttccataggce

cgaaacccga
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1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280

2340

2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360

3420



caggactata
cgaccetgece
ctcatagcte
gtgtgcacga
agtcecaacec
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtcetga
caaaaaggat
gtatatatga

cagcgatctg

cgatacggga
caccggcetec
gtcctgcaac
gtagttecgee
cacgctegte
catgatccce
gaagtaagtt
ctgtcatgec
gagaatagtg
cgccacatag
tctcaaggat
gatcttecage
atgccgcaaa
ttcaatatta
gtatttagaa
<210> 15

<211> 5097
<212> DNA

aagataccag
gcttacagga
acgctgtagg
acccceegtt
ggtaagacac
gtatgtagge
gacagtattt
ctcttgatce
gattacgecge
cgcteagtgg
cttcacctag
gtaaacttgg

tctatttegt

gggettacca
agatttatca
tttatcegee
agttaatagt
gtttggtatg
catgttgtgce
ggecgeagtg
atccgtaaga
tatgecggcga
cagaacttta
cttaccgetg
atcttttact
aaagggaata
ttgaagcatt

aaataaacaa

<213> Artificial

<220>

gcgtttcecc
tacctgteeg
tatctcagtt
cagcccgacce
gacttatege
ggtgctacag
ggtatectgcg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt

tcateccatag

tetggecceca
gcaataaacc
tccatccagt
ttgecgcaacyg
gcttcattca
aaaaaagcgg
ttatcactca
tgcttttetg
ccgagttget
aaagtgctca
ttgagatcca
ttecaccageg
agggcgacac
tatcagggtt

ataggggttc

ctggaagcetc
cctttetcee
cggtgtaggt
gctgegecett
cactggcage
agttcttgaa
ctctgctgaa
ccacegcetgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgctt

ttgcctgact

gtgctgcaat
agccagecgg
ctattaattg
ttgttgecat
gctecggtte
ttagctectt
tggttatgge
tgactggtga
cttgcecagge
tcattggaaa
gttcgatgta
tttetgggtg
ggaaatgttg
attgtctcat

cgcgcacatt

cctcgtgcge
ttegggaage
cgttegetee
atcecggtaac
ageccactggt
gtggtggect
gccagttacce
tagceggtggt
agatcctttg
gattttggtce
aagttttaaa
aatcagtgag

cccegtegtg

gataccgcga
aagggeccgag
ttgeccgggaa
tgctacaggce
ccaacgatca
cggtceteeg
agcactgcat
gtactcaace
gtcaatacgg
acgttctteg
acccactegt
agcaaaaaca
aatactcata
gagcggatac

tcceccgaaaa

tctecectgtte
gtggcgettt
aagctgggct
tatcgtcttg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct

tagataacta

gacccacgcet
cgcagaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgteca
aattctctta
aagtcattct
gataatacceg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctctteettt
atatttgaat

gtgccac
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3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140

4200

4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040

5097

<223> PB_micro_T_No_ins_TTRminSerpMVM_FIXco_Padua_bghpA transposon

<400> 15

ctaaattgta agcgttaata ttttgttaaa attcgcgtta aatttttgtt aaatcagctc

attttttaac ecaataacacca aaatcaacaa aatcccttat aaatcaaaaa aatacacceaa

60

120



gatagggttg
caacgtcaaa
ctaatcaagt
cccecgattt
agcgaaagga
cacaccegcece
caactgttgg
gggatgtgcet
taaaacgacg

taaagataat

gttatgcgge
accccagtta
cacatttcgt
gtaggttact
tcagettgge
aggagaagcc
ggttggtggg
ggttgggcta
tcaccatctg
agaacgccaa
tcgtgecaggyg
gcgaggtgtt
accagtgcga
acgagtgctg
acatcaagaa
gcagctgcac
cctteeccctg
tgttcccega
cccagagcac
ccggecagtt
gcategtgaa
tcaccgtggt
acgtgatccg
acatcegecct
gcatcgecga

gctggggaccg

b e

agtgttgttc
gggcgaaaaa
tttttggggt
agagcttgac
gcgggegeta
gcgettaatg
gaagggcgat
gcaaggcgat
gccagtgagce

catgcgtaaa

cgcggtaccg
tcggaggage
agagcgagtg
tattctectt
agggatcagce
gtcacacaga
gtattaatgt
gccecaccatg
cctgetggge
caagatcctg
caacctggag
cgagaacacce
gagcaacccc
gtgccectte
cggcegetge
cgagggctac
cggccgegtg
cgtggactac
ccagagcttc
ccectggeag
cgagaagtgg
ggccggcegag
catcatccce
gctggagctg
caaggagtac

cgtgttccac

cagtttggaa
ccgtctatca
cgaggtgceg
ggggaaagcce
gggcgctgge
cgccgctaca
cggtgcggge
taagttgggt
gegcttaace

attgacgcat

gcgcgeeggyg
aaacaggggc
ttccgatact
ttgttgacta
agectgggtt
tccacaagcet
ttaattacct
cagcgcgtga
tacctgctga
aaccgcccca
cgcgagtgca
gagcgcacca
tgectgaacg
ggcttcgagg
gagcagttct
cgectggccg
agcgtgagece
gtgaacagca
aacgacttca
gtggtgctga
ategtgacecg
cacaacatcg
caccacaact
gacgagcece
accaacatct

aagggccgca

caagagtcca
gggcgatgge
taaagcacta
ggcgaacgtg
aagtgtagcg
gggcgegtec
ctcttcgcecta
aacgccaggg
ctagaaagat

gataacttcg

ggaggctgcet
taagtccaca
ctaatctcce
agtcaataat
ggaaggaggg
cctgaagagg
ggagcacctg
acatgatcat
gcgccgagtyg
agcgctacaa
tggaggagaa
ccgagttetg
gcggcagetg
gcaagaactg
gcaagaacag
agaaccagaa
agaccagcaa
ccgaggecga
cccgcgtggt
acggcaaggt
cegcccactg
aggagaccga
acaacgccge
tggtgctgaa
tcctgaagtt

gcgccectggat

ctattaaaga
ccactacgtg
aatcggaace
gcgagaaagg
gtcacgctge
cattcgccat
ttacgccage
ttttcecagt
aatcatattg

tataatgtat

ggtgaatatt
cgcgtggtac
taggcaaggt
cagaatcagc
ggtataaaag
taagggttta
cctgaaatca
ggcagagagce
caccgtgtte
cagcggcaag
gtgcagcttc
gaagcagtac
caaggacgac
cgagctggac
cgceegacaac
gagctgcgag
gctgaccege
gaccatcctg
gggcggcgag
ggacgcctte
cgtggagacce
gcacaccgag
catcaacaag
cagctacgtg
cggcageggce

gctgcagtac

acgtggacte
aaccatcacce
ctaaagggag
aagggaagaa
gcgtaaccac
tcaggctgeg
tggcgaaagg
cacgacgttg
tgacgtacgt

gctatacgaa

aaccaaggtc
cgtctgtctg
tcatatttgt
aggtttggag
ccecttecace
agggatggtt
ctttttttca
eccggcecctga
ctggaccacg
ctggaggagt
gaggaggccce
gtggacggeg
atcaacagct
gtgacctgca
aaggtggtgt
cccgecgtge
gccgaggeeg
gacaacatca
gacgccaagc
tgcggcggea
ggcgtgaaga
cagaagcgca
tacaaccacg
acccccatct
tacgtgagcg

ctgcgegtge

DK/EP 2911687 T3

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

2280

Ananm



ccctggrgga
tetgegeegg
acgtgaccga
gcgccatgaa

aggagaagac

aaaattaaca
ctgtgcctte
tggaaggtge
tgagtaggtg
gggaagacaa
aagttatgca
aatcatggtc
t.acgagccgg
taattgcgtt
aatgaatcgg
cgcteactga
aggcggtaat
aaggccagea
tccgeecece
caggactata
cgaacctgee
ctcatagcte
gtgtgcacga
agtccaaccce
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg
cgatacggga
caceggctece
gtcctgcaac
gtagttcgece

cacgctegte

catgatccce catgttgtgc aaaaaagcgg ttagctectt cggtccectecg atcegttgtca

ccgcgeeace
cttccacgag
ggtggagggce
gggcaagtac

caagctgacce

geceecceec
tagttgccag
cactcccact
tcattctatt
tagcaggcat
tgcgtcaatt
atagctgttt
aagcataaag
gcgctcactg
ccaacgcgcg
ctegetgege
acggttatce
aaaggccagg
tgacgagcat
aagataccag
gcttacegga
acgctgtagg
acccecegtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatcc
gattacgege
cgctcagtgg
cttcacctag
gtaaacttgg
tetatttegt
gggcttacca
agatttatca
tttatecgece
agttaatagt

gtttggtatg

tgcctgerga
ggcggecgeg
accagcttecc
ggcatctaca

taatgaaaga

ccecccceect
ccatctgttg
gtectttect
ctggggggtyg
gctggggacce
ttacgcagac
cctgtgtgaa
tgtaaagecct
ceccgetttec
gggagaggcg
tcggtegtte
acagaatcag
aaccgtaaaa
cacaaaaatc
gegtttcecec
tacctgtecg
tatctcagtt
cagcccgace
gacttatcge
ggtgctacag
ggtatctgcg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag
tectggecceca
gcaataaacc
tccatccagt
ttgcgcaacg

gcttcattca

gcaccaagrtt
acagctgcca
tgaccggcat
ccaaggtgag

tggatttcca

caccatctac
gggcgacage
catcagctgg
ccgctacgtg

aggttaattc

aacaacdatget
ggeggceeece
ggcgaggagt
aactggatca

attggaattg

gcagatctag
tttgccecte
aataaaatga
gggtggggea
ggtataactt
tatctttcta
attgttatcc
ggggtgecta
agtcgggaaa
gtttgcgtat
ggctgeggeg
gggataacgc
aggccgegtt
gacgctcaag
ctggaagctc
cctttctece
cggtgtaggt
getgegectt
cactggcagce
agttcttgaa
ctctgctgaa
ccaccgetgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgctt
ttgcctgact
gtgctgecaat
agccagccgg
ctattaattyg
ttgttgccat

geteceggtte

agctcgctga
ccecegtgect
ggaaattgca
ggacagcaag
cgtataatgt
gggttaagcg
gctcacaatt
atgagtgagc
cctgtegtge
tgggcgctcet
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctegtgege
ttcgggaagce
cgttegetee
atccggtaac
agcecactggt
gtggtggcct
gccagttacce
tagecggtggt
agatcctttg
gattttggte
aagttttaaa
aatcagtgag
cecegtcgtyg
gataccgega
aagggccgag
ttgccgggaa
tgctacaggce

ccaacgatca

tcagectcga
tccttgacec
tcgecattgte
ggggaggatt
atgctatacg
cgecttggegt
ccacacaaca
taactcacat
cagctgcatt
tcegettect
gctcactcaa
atgtgagcaa
ttccatagge
cgaaacccga
tctectgtte
gtggcgettt
aagctggget
tatcgtcttg
aacaggatta
aactacggct
ttecggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatcet
tagataacta
gacccacgcect
cgcagaagtg
gctagagtaa
atcgtggtgt

aggcgagtta
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Z34V
2400
2460
2520

2580

2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440

4500

4560



Ser Phe Ser Gln Asn Pro Pro Val Leu Thr Arg His Gln Arg

gaagtaagtt ggccgcagtg
ctgtcatgce atccgtaaga
gagaatagtg tatgcggcga
cgccacatag cagaacttta
tctcaaggat cttaccgetg
gatcttcage atcttttact
atgccgcaaa aaagggaata
ttcaatatta ttgaagcatt
gtatttagaa aaataaacaa
<210> 16

<211> 14

<212> PRT

<213> Atrtificial

<220>

<223> linker

<400> 16

1 5
<210> 17

<211> 6891
<212>DNA

<213> Atrtificial

<220>

ttatcactca
tgcttttetg
ccgagttgcet
aaagtgctca
ttgagatcca
ttcacecageg
agggcgacac
tatcagggtt

ataggggtte

tggttatggc
tgactggtga
cttgceegge
tcattggaaa
gttcgatgta
tttctggatg
ggaaatgttg
attgtctcat

cgcgcacatt

10

agcactgcat
gtactcaacc
gtcaatacgg
acgttcttcg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac

tccecgaaaa

<223> pCDNA3 _CMVBGI _SBMAX_bghpA plasmid

<400> 17
gacggatcgg

ccgcatagtt
cgagcaaaat
ttagggttag
acggggtcat
ggcccgeetg
cccatagtaa
actgcccact

aatgacggta

gagatctcce
aagccagtat
ttaagctaca
gcgttttgeg
tagttcatag
gctgacecgcce
cgtcaatagg
tggcagtaca

aatggeccege

gatcccctat
ctgctccctg
acaaggcaag
ctgcttecgeg
cccatatatg
caacgacccce
gactttccat
tcaagtgtat

ctggcattat

ggtcgactct
cttgtgtgtt
gcttgaccga
cgtggagcta
gagttccgeg
cgcccattga
tgacgtcaat
catatgccaa

gcccagtaca

cagtacaatc
ggaggtcgct
caattgcatg
gttattaata
ttacataact
cgtcaataat
gggtggagta
gtacgccece

tgaccttatg

aattctetta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctcttecttt
atatttgaat

gtgccac

tgctectgatg
gagtagtgcg
aagaatctgce
gtaatcaatt
tacggtaaat
gacgtatgtt
tttacggtaa
tattgacgtc

ggactttccet

acttggcagt acatctacgt attagtcatc gctattacca tggtgatgeg gttttggcag

tacatcaatg ggcgtggata gcggtttgac tcacggggat ttccaagtet ccaccccatt

gacgtcaatg ggagtttgtt ttggcaccaa aatcaacqggg actttccaaa atgtcgtaac
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4620
4680
4740
4800
4860
4920
4980
5040

5097

60
120
180
240
300
360
420
480

540

600

660

720



aactccgecec
agagctcgtt
catagaagac
cattggaacg
gcccacaaaa
ttccctaatc
ttctaaagaa
atatttetge
aatccagcta
caagctagge
gcaacgtgct
gatgcecgeca
gacctccaca
tcatctgtac
cgctcaggaa
caaatcaatc
aaagtatcta
gcaaggaaga
gcacatgggg
atagaactgt
aagccgaaga
tgctttgctg
cagtatgtag
cgcaaatggg
tggcttaagg
cctatagaaa
ctgactcagt
gggaagcttg

gctaccaaat

tgctagaget
ccccteeceee
aaatgaggaa
ggggcaggac
gggctctatg
gccctgtage
acttgccage
cgceggettt

tttacggcac

cattgacgca
tagtgaaccg
accgggaccg
cggattcecce
aatgctttct
tctttcttte
taacagtgat
atataaattg
ccattctgect
cecttttgeta
ggtctgtgtyg
ccatgggaaa
agtctggttc
aaacaatagt
ggagacgcgt
ccagaacaac
tatccacagt
agccactgct
acaaagatct
ttggccataa
acaccatcce
caggagggac
atatattgaa
tettccaaca
acaacaaagt
atttgtgggc
tacaccagct
tggaaggcta

actagctcga

cgctgatcag
gtgcecttect
attgcatcgc
agcaaggggg
gettetgagg
ggcgcattaa
gccctagege
cccegtecaag

ctcgacccca

aatgggcggt
tcagatcgce
atccagcctc
gtgccaagag
tcttttaata
agggcaataa
aatttctggg
taactgatgt
tttattttat
atcatgttca
ctggceccatce
atcaaaagaa
atccttggga
acgcaagtat
tctgtctect
agcaaaggac
aaaacgagtc
ccaaaaccga
aactttttgg
tgaccatcgt
aaccgtgaag
tggtaaactt
gcaacatctc
cgacaatgac
caaggtattg
agaactgaaa
ctgtcaggag
cccgaaacgt

gcatgcatct

cctcegactgt
tgaccctgga
attgtctgag
aggattggga
cggaaagaac
gcgecggeggg
ccgeteettt
ctctaaateg

aaaaacttga

aggcgtgtac
tggagacgcc
cgcggatteg
tgacgtaagt
tacttttttg
tgatacaatg
ttaaggcaat
aagaggtttce
ggttgggata
tacctcttat
actttggcaa
atcagccaag
gcaatttcec
aaacaccatg
agagatgaac
cttgtgaaga
ctatatcgac
cataagaaag
agaaatgtecc
tatgtttgga
cacgggggtg
gtccgaatag
aagacatcag
cccaagcata
gactggccat
aagcgtgtgce
gaatgggcca

ttgacccaag

ggtgggaggt
atccacgetg
aatcccggcee
accgectata
tttatcttat
tatcatgcct
agcaatattt
atattqgctaa
aggctggatt
cttectecca
agaattggga
acctcagaaa
gacgccetgge
ggaccacgca
gtactttggt
tgctggagga
ataacctgaa
ccagactacg
tctggtctga
ggaagaaggg
gcagcatcat
aaggcatcat
tcaggaagtt
cttceccaaagt
cacaaagccce
gagcaaggag
aaattcaccce

ttaaacaatt

ctatataagc
ttttgaccte
gggaacggtg
gagtctatag
ttctaatact
ctttgecacca
ctgcatataa
tagcagctac
attctgagtc
cagctcctgg
ttcgaacatc
aagaattgta
ggtaccacgt
gccgtcatac
gcgaaaagtg
aacaggtaca
aggccactca
gtttgcaact
tgaaacaaaa
ggaggcttge
gttgtgggag
ggacgeggtg
aaagcttggt
tgtggcaaaa
tgacctcaat
gcctacaaac
aaattattgt

taaaggcaat

agagggccct

gecttetagt
aggtgccact
taggtgtcat
agacaatagce
cagetgggge
tgtggtggtt
cgctttette
gggcatecet

ttagggtgat

tgccageccat
ceccactgtce
tctattctgg
aggcatgctyg
tetagggggt
acgcgcageg
cettecttte
ttagggttee

ggttcacgta

attctatagt gtcacctaaa

ctgttgtttg
tttcctaata
ggggtggggt
gggatgeggt
atececacge
tgaccgctac
tecgeccacgtt
gatttagtgce

gtgggccate
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900

960
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1200
1260
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1500
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1920
1980
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2880
2940

3000



gccctgatag
cttgttccaa
gattttgggg
gaattaattc
aggcagaagt
aggctcccca
cccgecccta
ccatggctga
attccagaag
agcttgtata
tgaacaagat
tgactgggca
ggggcgceecg
cgaggcagcg
cgttgtcact
cctgtcatct
gctgecatacg
gcgagcacgt
tcaggggctce
ggatctecgtc
cttttetgga

gttggctacce

gctttacggt
gttcttectga
tcacgagatt
cgggacgceg
cccaacttgt
acaaataaag
tcttatcatg
ctgtttectg
ataaagtgta
tcactgecceg
cgegegggga
ctgegetegg
ttatccacag
gccaggaace
gagcatecaca

taccaggegt

acggtttttc
actggaacaa
attteggect
tgtggaatgt
atgcaaagca
gcaggcagaa
actccgecca
ctaatttttt
tagtgaggag
tccattttcg
ggattgcacg
caacagacaa
gttctttttg

cggctatcgt
gaagcgggaa
caccttgctce
cttgatccgg
actcggatgg
gcgcecageeg
gtgacccatg
ttcatcgact

cgtgatattg

atcgeccgetce
gcgggactct
tecgattccac
gectggatgat
ttattgcage
catttttttc
tctgtatace
tgtgaaattg
aagcctgggg
ctttccagte
gaggcggttt
tcgttogget
aatcagggga
gtaaaaaggc
aaaatecgacg

ttcececcetgg

gccctttgac
cactcaaccc
attggttaaa
gtgtcagtta
tgcatctcaa
gtatgcaaag
tceegeecet
ttatttatge
gcttttttgg
gatctgatca
caggttctce
teggectgetce
tcaagaccga
ggctggeccac
gggactggct
ctgccgagaa
ctacctgeece
aagccggtct
aactgttcge
gcgatgectg
gtggccgget

ctgaagagct

ccgattcgeca
ggggttcgaa
cgecgectte
cctececagege
ttataatggt
actgcattct
gtcgacctcet
ttatcegetc
tgcctaatga
gggaaacctg
gcgtattggg
gcggcgageg
taacgcagga
cgecgttgetg
ctcaagtcag

aagctcccte

gttggagtcc
tatcteggte
aaatgagctg
gggtgtggaa
ttagtcagca
catgcatctc
aactccgece
agaggccgag
aggectagge
agagacagga
ggececgettgg
tgatgcegec
cetgtceggt
gacgggegtt
gctattgggce
agtatccatc
attcgaccac
tgtcgatcag
caggctcaag
cttgccgaat
gggtgtggeg

tggcggcgaa

acgttcttta
tattettttg
atttaacaaa
agtcceccagg
accaggtgtg
aattagtcag
agttcegeec
gcegectcetg
ttttgcaaaa
tgaggatcgt
gtggagaggc
gtgttcecgge
gccctgaatg
ccttgcgecag
gaagtgccgg
atggctgatg
caagcgaaac
gatgatctgg
gcgcgcatge
atcatggtgg
gaccgctatc

tgggctgace

atagtggact
atttataagg
aatttaacge
ctcecccagge
gaaagtccce
caaccatagt
attcteccgece
cctctgaget
agcteceggg
ttcgcatgat
tattcggcta
tgtcagcgca
aactgcagga
ctgtgctcga
ggcaggatct
caatgcggcg
atcgcatcga
acgaagagca
ccgacggega
aaaatggccg
aggacatagc

gcttectegt

gcgcatcgece
atgaccgacc
tatgaaaggt
ggggatctca
tacaaataaa
agttgtggtt
agctagagct
acaattccac
gtgagctaac
tcgtgcecage
cgctctteeg
gtatcagcte
aagaacatgt
gcgtttttce
aggtggegaa

gtgegctcte

ttctatcgece
aagcgacgcc
tgggettegy
tgctggagtt
gcaatagcat
tgtccaaact
tggcgtaatce
acaacatacg
tcacattaat
tgcattaatg
cttecteget
actcaaagge
gagcaaaagg
ataggctccey
acccgacagg

ctgttccgac

ttettgacga
caacctgcca
aatcgtttte
cttegeeccac
cacaaatttc
catcaatgta
atggtcatag
agecggaagc
tgecgttgege
aatcggccaa
cactgactcg
ggtaatacgg
ccagcaaaag
ceccectgac
actataaaga

cctgcegett
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accggatacc tgteccgectt tctceccettecg ggaagegtgg cgctttctca atgcectcacge 5340
tgtaggtatc tcagttcggt gtaggtcgtt cgctccaage tgggctgtgt gcacgaaccc 5400
ccegttcage cegaccgetyg cgecttatcc ggtaactate gtottgagte caacceggta 5460
agacacgact tatcgccact ggcagcagcc actggtaaca ggattagcag agcgaggtat 5520
gtaggcggtg ctacagagtt cttgaagtgg tggcctaact acggctacac tagaaggaca 5580
gtatttggta tctgcgetct gctgaagcca gttaccttcg gaaaaagagt tggtagctct 5640
tgatccggeca aacaaaccac cgctggtage ggtggttttt ttgtttgcaa gcagragatt 5700
acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg gtctgacget 5760
cagtggaacg aaaactcacg ttaagggatt ttggtcatga gattatcaaa aaggatcttce 5820
acctagatce ttttaaatta aaaatgaagt tttaaatcaa tctaaagtat atatgagtaa 5880
acttggtctg acagttacca atgcttaatc agtgaggcac ctatctcage gatctgtcta 5940
tttcegttcat ccatagttge ctgactcecece gtcogtgtaga taactacgat acgggaggge 6000
ttaccatectg gececcagtge tgcaatgata ccgcgagacce cacgctcace ggetccagat 6060
ttatcagcaa taaaccagcc agccggaagg gccgagcegcea gaagtggtec tgcaacttta 6120
tccgectcca tccagtctat taattgttge cgggaagcta gagtaagtag ttcgecagtt 6180
aatagtttgc gcaacgttgt tgccattget acaggecatcg tggtgtcacg ctegtegttt 6240
ggtatggctt cattcagetc cggttcccaa cgatcaagge gagttacatg atcceccatg 6300
ttgtgcaaaa aagcggttag ctecctteggt cctceccgatcg ttgtcagaag taagttggec 6360
gcagtgttat cactcatggt tatggcagca ctgcataatt ctcttactgt catgcecatce 6420
gtaagatgcet tttctgtgac tggtgagtac tcaaccaagt cattctgaga atagtgtatg 6480
cggcgaccga gttgctcttg cccggegtca atacgggata ataccgcgec acatagcaga 6540
actttaaaag tgctcatcat tggaaaacgt tcttcgggge gaaaactctc aaggatctta 6600
ccgctgttga gatccagttc gatgtaacce actcgtgcac ccaactgatc ttcagcatct 6660
tttactttca ccagcgttte tgggtgagca aaaacaggaa ggcaaaatgce cgcaaaaaag 6720
ggaataaggg cgacacggaa atgttgaata ctcatactct tcctttttca atattattga 6780
agcatttate agggttattg tctcatgage ggatacatat ttgaatgtat ttagaaaaat 6840
aaacaaatag gggttccgeg cacatttccece cgaaaagtge cacctgacgt ¢ 6891
<210> 18

<211>19

<212>DNA

<213> Artificial

<220>

<223> primer

<400> 18

gaaggtgaag gtcggagtc 19

<210>19



<211> 20
<212> DNA
<213> Artificial

<220>
<223> primer

<400> 19
gaagatggtg atgggatttc 20

<210> 20
<211>25
<212> DNA
<213> Artificial

<220>
<223> primer

<400> 20
tgatgctatt gctttatttg taacc 25

<210> 21
<211>23
<212> DNA
<213> Artificial

<220>
<223> primer

<400> 21
cctgaacctg aaacataaaa tga 23

<210> 22
<211> 34
<212> DNA
<213> Artificial

<220>
<223> probe

<400> 22
agctgcaata aacaagttaa caacaacaat tgca

<210> 23
<211>19
<212> DNA
<213> Artificial

34
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<220>
<223> Fragment codon-optimized human coagulation factor IX with Padua mutation

<400> 23
cctgccetgcet gagcaccaa 19

<210> 24
<211>19
<212> DNA
<213> Artificial

<220>
<223> Fragment codon-optimized human coagulation factor IX

<400> 24
cctgcetgeg cagcaccaa 19

<210> 25
<211> 20
<212> DNA
<213> Artificial

<220>
<223> primer

<400> 25
aacaggggct aagtccacac 20

<210> 26
<211>21
<212> DNA
<213> Artificial

<220>
<223> primer

<400> 26
gagcgagtgt tccgatactc t 21

<210> 27
<211>24
<212> DNA
<213> Artificial

<220>
<223> primer

<400> 27
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atcaagaagg tggtgaagca ggca 24

<210> 28
<211>24
<212> DNA
<213> Artificial

<220>
<223> primer

<400> 28
tggaagagtg ggagttgctg ttga 24

<210> 29
<211> 67
<212> DNA
<213> Artificial

<220>
<223> IR micro

<400> 29
ttaaccctag aaagataatc atattgtgac gtacgttaaa gataatcatg cgtaaaattg 60

acgcatg 67

<210> 30
<211>40
<212> DNA
<213> Artificial

<220>
<223> IR micro

<400> 30
gcatgcgtca attttacgca gactatcttt ctagggttaa 40
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PATENTKRAV

1. Vektor omfattende en nukleinsyreekspressionskassette omfattende en Serpin-
enhancer, som er defineret ved SEQ ID nr. 8 eller en sekvens, der har 95% identitet
med denne sekvens, en promotor, en "minute virus of mice” (MVM)-intron, kodon-
optimeret koagulationsfaktor |X, der indeholder en hyperaktiverende mutation, og et
transkriptionstermineringssignal,

hvor vektoren er en viral vektor afledt af et adenoassocieret virus (AAV), og hvor den

hyperaktiverende mutation er en R338L-aminosyresubstitution.

2. Vektor ifglge krav 1, hvor promotoren er afledt af transthyretin-(TTR)-promotoren,

fortrinsvis den minimale TTR-promotor.

3. Vektor ifglge et hvilket som helst af kravene 1 eller 2, hvor transkriptionstermine-
ringssignalet er afledt af simianvirus 40-polyadenyleringssignalet eller bovint vaekst-

hormon-polyadenyleringssignalet.

4. Vektor ifglge krav 3 med SEQ ID NO: 2.

5. Vektor ifalge et hvilket som helst af kravene 1 til 3, hvor vektoren er et enkeltstrenget

AAV eller et selvkomplementaert AAV.

6. Vektor ifglge et hvilket som helst af kravene 1 til 5 til anvendelse til behandling af

haemofili B.

7. Farmaceutisk praeparat omfattende en vektor ifglge et hvilket som helst af kravene 1
til 5 og en farmaceutisk acceptabel beerer, der eventuelt yderligere omfatter en aktiv

ingrediens til behandling af haemofili B.

8. Farmaceutisk praeparat ifalge krav 7 til anvendelse til behandling af haemofili B.

9. Farmaceutisk praeparat til anvendelse ifalge krav 8 eller vektor til anvendelse ifglge
krav 6, hvor behandlingen resulterer i niveauer af faktor IX i plasma hos det behandle-
de individ, der er lig med eller hgjere end den terapeutiske teerskelkoncentration pa 10

mU/ml plasma i et individ, fortrinsvis lig med eller hgjere end den terapeutiske koncen-
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tration pa 50 mU/ml plasma i et individ, mere foretrukket lig med eller hgjere end den
terapeutiske koncentration pa 100 mU/ml plasma i et individ, endnu mere foretrukket lig
med eller hgjere end den terapeutiske koncentration pa 150 mU/ml plasma i et individ
og endnu mere foretrukket lig med eller hgjere end den terapeutiske koncentration pa

200 mU/ml plasma i et individ.

10. Farmaceutisk praeparat til anvendelse ifalge krav 8 eller 9 eller vektor til anvendel-
se ifglge krav 6, hvor behandlingen omfatter transduktion af vektoren til individet i en
dosis, som er lavere end eller lig med 2x10"? vg/kg, fortrinsvis i en dosis, som er lavere
end eller lig med 6x10'" vg/kg, mere foretrukket i en dosis, som er lavere end eller lig
med 2x10™" vg/kg.
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Figure 1B: SEQID 1

10 20 30 40 50
CAGCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAAC
GTCGTCGACCGCATTATCGCTTCTCCGGGCGTGGCTAGCGGGAAGGGTTG

60 70 80 90 100
AGTTGCGCAGCCTGRAATGGCGAATGGAARTTCCAGACGATTGAGCGTCARAA
TCAACGCGTCGGACTTACCCCTTACCTTAAGGTCTGCTAACTCGCAGTTT

110 120 130 140 150
ATGTAGGTATTTCCATGAGCGTTTTTCCTGTTGCAATGGCTGGCGGTAAT
TACATCCATARAGGTACTCGCARAAAGGACARACGTTACCGACCGCCATTA

160 170 180 190 200
ATTGTTCTGGATATTACCAGCAAGGCCGATAGTTTGAGTTCTTCTACTCA
TAACAAGACCTATAATGGTCGTTCCGGCTATCAAACTCAAGAAGATGAGT

210 220 230 240 250
GGCAAGTGATGTTATTACTAATCARAGAAGTATTGCGACAACGGTTAATT
CCGTTCACTACAATAATGATTAGTTTCTTCATAACGCTGTTGCCAATTAA

260 270 280 290 300
TGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAAARAC
ACGCACTACCTGTCIGAGAAAATGAGCCACCGGAGTGACTAATATTTTTG

310 320 330 340 350
ACTTCTCAGGATTCIGGCGTACCCTTCCTGTCTAAAATCCCTTTAATCGG
TGRAAGAGTCCTAAGACCGCATGGCAAGGACAGATTTTAGGGAAATTAGCC

3600 370 380 390 400
CCTCCTGTTTAGCTCCCGETCTGATTCTAACGAGGAAAGCACGTTATACG
GGAGGACAAATCGAGGGCGAGACTAAGATTGCTCCTTTCGTGCAATATGC

410 420 430 440 450
TGCTCGTCAAAGCAACCATAGTACGCGCCCTIGTAGCGGCGCATTAAGCGC
ACGAGCAGTTTCGTTGGTATCATGCGCGGGACATCGCCGCGTARTTCGCG

460 470 480 490 500
GGCGGGTGIGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCTC
CCGCCCACACCACCAATGCGCGTCGCACTCGCGATGTGAACGGTCGCGEE

F1l ORIGIN >

510 520 530 540 550
TAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCC
ATCGCGGGCGAGGAAAGCCAAAGAAGGGAAGGAAAGAGCGGTGCAAGCEG

F1 ORIGIN >

560 570 580 590 600
GGCTTTCCCCGTCAAGCTCTARATCGGGGGCTCCCTTTAGGGTTCCGATT
CCGARAGGGGCAGTTCGAGATTTAGCCCCCGAGGGAAATCCCAAGGCTAA

F1 ORIGIN >

610 620 630 640 650
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TAGTGCTITACGGCACCTCGACCCCAAARAACTTGATTAGGGTGATGGTT
ATCACGAAATGCCGTGGAGCTGGGGTTTTTTGAACTAATCCCACTACCAA
F1 ORIGIN >

660 670 680 690 700
CACGTAGTGGGCCATCGCCCTGATAGACGGITTTTCGCCCTTTGACGTITG
GIGCATCACCCGCTAGCGGGACTATCTGCCAANAAGCGGGAAACTGCAAC

F1l ORIGIN >

710 720 730 740 750
GAGTCCACGTTCTTTAATAGTGGACTCTTGITCCARACTGGAACAACACT
CTCAGGTGCAAGAAATTATCACCTGAGARCAAGCGTTTGACCTTGTTGTGA

F1 ORIGIN >

760 770 780 790 800
CAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTT
GITGGGATAGAGCCAGATAAGAAAACTAAATATTCCCTAAAACGGCTAAR

810 820 830 840 850
CGGCCTATTGGTTAARAAAATGAGCTGATTTAACAARAATTTAACGCGAAT
GCCGGATAACCAATTTTTTACTCGACTAAATTGTTTTTARATTGCGCTTA

860 870 880 890 900
TTTAACAAAATATTAACGTTTACAATTTAAATATTTGCTTATACAATCTT
ARATTGTTTTATAATTGCAAATGTTAAATTTATAAACGAATATGTTAGAR

910 920 930 940 950
CCTGTTTTTGGGGCTTTTCTGATTATCAACCGGGGTACATATGATTGACA
GGACAAAAACCCCGAAAAGACTAATAGTTGGCCCCATGTATACTARCTGT

960 970 980 990 1000
TGCTAGTTTTACGAT TACCGTTCATCGCCTGCACTGCGEGCTCGCTCGCT
ACGATCAAAATGCTAATGGCAAGTAGCGGACGTGACGCGCGAGCGAGCGA

__ MUTATEDITR >

1010 1020 1030 1040 1050
CACTGAGGCCGCCCGGGECAARGCCCGGGLCGETCGEGCGACCTTTGGTCGEC
GTGACTCCGGCGGGCCCGTTTCGGGCCCGCAGCCCCCTGGARACCAGCGG

MUTATEDITR >

1060 1070 1080 1090 1100
CGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGACTGGARTTCACGCGT
GCCGGAGTCACTCGCTCGCTCGCGCGTCTCTCCCTCACCTTAAGTGCGCA

MUTATEDITR >

1110 1120 1130 1140 1150
GGTACGATCTGAATTCGGTACAATTCACGCGTGGTACGGCLCGCGEGTACCG
CCATGCTAGACTTAAGCCATGTIAAGTGCGCACCATGCCGGCGCCATGGC

1160 1170 1180 1190 1200
GCGCGECGGGGGAGGCTGCTGGTGRATATTAACCARGGTCACCCCAGTTA
CGCGCGGCCCCCTCCGACGACCACTTATAATTGGTTCCAGTGGGGTCAAT

>3erp_enh >mTTR/promoter
| [



1210 1220 1230 [1240 | 1250
TCGGAGGAGCAAACAGGGGCTAAGTCCACACGCGTGETACCGICTGTCTG
AGCCTCCTCGTTTGTCCCCGATTCAGGTGTGCGCACCATGGCAGACAGAC

1260 1270 1280 1290 1300
CACATTTCGTAGAGCGAGTGTTCCGATACTCTAATCTCCCTAGGCAAGGT
GTGTAAAGCATCTCGCTCACAAGGCTATGAGATTAGAGGGATCCGTTCCA

1310 1320 1330 1340 1350
TCATATTTGIGTAGGTTACTTATTCTCCTTTTGTTGACTAAGTCAATAAT
AGTATAAACACATCCAATGAATAAGAGGAAAACAACTGATTCAGTITATTA

1360 1370 1380 1390 1400
CAGAATCAGCAGGTTTGGAGTCAGCTTGCCAGGGATCACCAGCCTGGGTT
GTCTTAGTCGTCCAAACCTCAGTCGAACCGTCCCTAGTCGTCGGACCCAA

>mTTR/5" /ut
|
1410 1420 1430 1440 | 1450
GGAAGGAGGGGGTATAAAAGCCCCTTCACCAGGAGAAGCCGTCACACAGA
CCTTCCTCCCCCATATTTTCCEGGAAGTGGTCCTCTTCGGCAGTGTGTCT

>MVMint
|
1460 | 11470 1480 1490 1500
TCCACAAGCTCCTGAAGAGGTAAGGGTTTAAGGGATGGTTGGTTGGTGGG
AGGTGTTCGAGGACTTCTCCATTCCCAAATTCCCTACCAACCAACCACCC

1510 1520 1530 1540 1550
GTATTAATGTTTAATTACCTGGAGCACCTIGCCTGARATCACTTTTTTTCA
CATAATTACAAATTAATGGACCTCGTGGACGGACTTTAGTGAARAAAAGT

1560 1570 1580 1520 1600
GGTTGGCTAGCATGCAGCCGCGTGAACATGATCATGGCCGAGAGCCCLGGC
CCRACCGATCGTACGTCGCGCACTTGTACTAGTACCGGCTCTCGGGGCCG

HUFIXCOPTMT >

1610 1620 1630 1640 1650
CTGATCACCATCTGCCTGCTGGGCTACCTGCTGAGCGCCGAGTGCACCGT
GACTAGTGGTAGACGGACGACCCGATGCGACGACTCGCGGCTCACGTGGCA

HUFIXCOPTMT >

1660 1670 1680 1690 1700
GTTCCTGGACCACGAGAACGCCAACAAGATCCTGAACCGCCCCAAGLCGCT
CAAGGACCTGGTIGCTICTTGCGGTTGTTCTAGGACTTGGCGGGGTTCGCGA

HUOFIXCOPTMT >

1710 1720 1730 1740 1750
ACAACAGCGGCAAGCTGGAGGAGTTCGTGCAGCGCAACCTGGAGCGCGAG
TGTTGTCGCCGTTCGACCTCCTCAAGCACGTCCCGTTGGACCTCGCGCTC

HUFI¥XCOPTMT >

1760 1770 1780 1790 1800
TGCATGGAGGAGAAGTGCAGCTTCCAGGAGGCCCGCGAGGTGTTCGAGAA
ACGTACCTCCTCTTCACGTCGAAGCTCCTCCGGGCGCTCCACAAGCTCTT

DK/EP 2911687 T3



DK/EP 2911687 T3

HUFIXCOPTMT >

1810 1820 1830 1840 1850
CACCGAGCGCACCACCGAGTTCTGCAAGCAGTACGTGGACGGCGACCAGT
GIGGCTCGCGTGGTGGCTCAAGACCTTCGTCATGCACCTGCCGCTGGTCA

HUFIXCOPTMT >

1860 1870 1880 1890 1900
GCGAGAGCAACCCCTGCCTGAACGCCEGCAGCTGCAAGGACGACATCAAC
CGCTCTCGTTGGGGACCGACTTGCCGCCCETCGACGTTCCTGCTGTAGTTG

HUFIXCOPTMT >

1910 1920 1930 1940 1950
AGCTACGAGTGCTGGTGCCCCTTCGGCTTCCAGGGCAAGAACTGCGAGCT
TCGATGCTCACGACCACGGGCGAAGCCGAAGCTCCCGTTCTTGACGCTCGA

HUFIXCOPTMT >

1960 1970 1980 1990 2000
GGACGTGACCTGCAACATCAAGAACGGCCGCTGCGAGCAGTTCTGCAAGA
CCTGCACTGGACGTTGTAGTTCTTGCCGGCGACGCTCGTCAAGACGTTCT

HUFIXCOPTMT >

2010 2020 2030 2040 2050
ACAGCGCCGACAACAAGGTGGTGTGCAGCTGCACCGAGCGCTACCGLCTG
TGTCGCGGCTGTTGTTCCACCACACGTCGACGTGGCTCCCGATGGCGGAC

HUFIXCOPTMT >

2060 2070 2080 2090 2100
GCCCAGAACCAGAAGAGCTGCGAGLCCCGCCGTGCCCTTCCCCTGCGBCCG
CGGCTCTTGGTCTTCTCGACGCTCGGGCEGCACGGGAAGGGGACGLLGGT

HUFIXCOPTMT >

2110 2120 2130 2140 2150
CGTGAGCGTGAGCCAGACCAGCAAGCTGACCCGCGCCGAGGCCGTGTTCC
GCACTCGCACTCGGTCTGGTCGTTCGALCTGGGCGCGGETCCGGCACAAGG

HUFIXCOPTMT >

2160 2170 2180 2190 2200
CCGACGTGGACTACGTGAACAGCACCGAGGCCGAGACCATCCTGGACAAC
GGCTGCACCTGATGCACTTIGTCGTGGCTCCCGCTCTGGTACGACCTGTTG

HUFIXCOPTMT >

2210 2220 2230 2240 2250
ATCACCCAGAGCACCCAGAGCTTCAACGACTTCACCCGCGTGGTGGGCGG
TAGTGGGTCTCGTGGGTCTCGAAGTTGCTGAAGTGGGCGCACCACCCGCC

HUFIXCOPTMT >

2260 2270 2280 2290 2300
CGAGGACGCCAAGCCCGGCLCAGTTCCCCTGGCAGGTGGTGCTGAACGGCA
GCTCCTGCGGTTCGGGCCGGTCAAGGGGACCGTCCACCACGACTTGCCGT

HUFIXCOPTMT >

2310 2320 2330 2340 2350
AGGTGGACGCCTTCTGCGGCGGCAGCATCGTGAACGAGAAGTGGATCGTG
TCCACCTGCGGAAGACGCCGCCGTCGTAGCACTTGCTCTTCACCTAGCAC
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HUFIXCOPTMT >

2360 2370 2380 2390 2400
ACCGCCGCCCACTGCGTGCAGACCCGEGTGAAGATCACCGTGGTGGCCGEG
TGGCEGCGGGTGACGCACCTCTGGCCGCACTTCTAGTGGLCACCACCGEGLCL

HUFIXCOPTMT >

2410 2420 2430 2440 2450
CGAGCACAACATCGAGGAGACCGAGCACACCGAGCAGAAGCGCAACGTGA
GCTCGTGTTGTAGCTCCTCTGGCTCGTGTCGCTCGTCTTCGCGTTGCACT

HUFIXCOPTMT >

2460 2470 2480 2490 2500
TCCGCATCATCCCCCACCACAACTACAACGCCGCCATCAACAAGTACAAC
AGGCGTAGTAGGCGGTGGTGTTCGATGTTGCGGCGGTAGTTGTTCATGTTG

HUFIXCOPTMT >

2510 2520 2530 2540 2550
CACGACATCGCCCTGCTGGAGCTGGACGAGCCCCTGGTGCTGAACAGCTA
GTGCTGTAGCGGGACGACCTCGACCTGCTCGGGGACCACGACTTGTCGAT

HUFIXCOPTMT >

2560 2570 2580 2590 2600
CGTGACCCCCATCTGCATCGCCGACAAGGAGTACACCAACATCTTCCTGA
GCACTGGGGGTAGACGTAGCGGCTGTTCCTCATGTGGTTGTAGAAGGACT

HUFIXCOPTMT >

2610 2620 2630 2640 2650
AGTTCGGCAGCGGCTACGTGAGCGECTCCECCCECGTGTTCCACAAGGGL
TCAAGCCGTCGCCGATGCACTCGCCGACCCCGGCGCACAAGGTGTTCCCG

HUFIXCOPTMT >

2660 2670 2680 2620 2700
CGCAGCGCCCTGETGCTGCAGTACCTGCGCGTGCCCCTGGTGGACCGCGC
GCGTCGCGGGACCACGACGTCATGGACGCGCACGGGGACCACCTGGLGEG

HUFIXCOPTMT >

2710 2720 2730 2740 750
CACCTGCCTGCGCAGCACCAAGTTCACCATCTACAACARCATGTTCTGCG
GTGGACGGACGCGTCGTGGTTCARGTGCGTAGATGTTGTTGTACARGACGC

HUFIXCOPTMT >

2760 27170 2780 2790 2800
CCGGCTTCCACGAGGGCGGCCGCGACAGCTGCCAGGGCGACAGCGGLGGC
GGCCGARAGGTGCTCCCGCCGGCGCTGTCGACGGTCCCGCTGTCGCCGCCG

HUFIXCOPTMT >

2810 2820 2830 2840 2850
CCCCACGTGACCGAGGTGGAGGCECACCAGCTTCCTGACCGGCATCATCAG
GGGGTGCACTGGCTCCACCTCCCGTGGTCGAAGGACTGGCCGTAGTAGTC

HUFIXCOPTMT >

2860 2870 2880 2890 2900
CTGGGGCGAGGAGTGCGCCATGARAGGGCAAGTACGGCATCTACACCAAGG
GACCCCGCTCCTCACGCGGTACTTCCCGTTCATGCCGTAGATGTGGTTCC



HUFIXCOPTMT >

2910 2920 2930 2940 2950
TGAGCCGCTACGTCGAACTGGCATCARGGAGARGACCAAGCTGACCTGGAGA
ACTCGGCGATGCACTTGACCTAGTTCCTCTTCTGGTTCCGACTGGACCTCT

HUFIXCOPTMT >

2960 2970 2980 2990 3000
TCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGC
AGACTAGTCGGAGCTGACACGGAAGATCAACGGTCGCTAGACAACAAACG

BGHPA >

3010 3020 3030 3040 3050
CCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCT
GGGCAGGGGGCACGGAAGGAACTGGGACCTTCCACGETGAGGGTGACAGGA

BGHPA >

3060 3070 3080 3090 3100
TTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATT
AAGGATTATTTTACTCCTTTAACGTAGCGTAACAGACTCATCCACAGTAA

BGHPA >

3110 3120 3130 3140 3150
CTATTCTGGGGGGETGGEGTGGGEGCAGCGACAGCAAGGGGGAGGATTGGGAA
GATAAGACCCCCCACCCCACCCCGTCCTGTCGTTCCCCCTCCTAACCCTT

BGHPA >

3160 3170 3180 3190 3200
GACAATAGCAGGCATGCTEGGGATCTGATAGCAGGCATGCTGGGGAGAGA
CTGTTATCGTCCGTACGACCCCTAGACTATCGTCCGTACGACCCCTCTCT

BGHPA >

3210 3220 3230 3240 3250
TCGATCTAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGC
AGCTAGATCCTTGGGGATCACTACCTCAACCGGCTGAGGGAGAGACGLGEG

ITR >

3260 3270 3280 3290 3300
TCGCTCGCTCACTGAGGCCGCCCGGGCARAGECCCGGGCGTCGGGCGALCCT
AGCGAGCGAGTGACTCCGGCGEGCCCETTTCGGGCCCGCAGCCCGCTGGA

ITR >

3310 3320 3330 3340 3350
TTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCC
AACCAGCGGGCCGGAGTCACTCGCTCGCTCGCGCGTCTCTCCCTCACCGG

ITR >

3360 3370 3380 3390 3400
AACCCCCCCCCCCCCLCCCCLTGCATGCACGGCGATTCTCTTGTTTGCTCCA
TTGGGGGGGGGGGGGGGEGGACGTACGTCCGCTARGAGAACAAACGAGGT

>

3410 3420 3430 3440 3450
GACTCTCAGGCAATGACCTGATAGCCTITTGTAGAGACCTCTCAARAATAG
CTGAGAGTCCGTTACTGGACTATCGGARACATCTCTGGAGAGTTTTTATC
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3460 3470 3480 3490 3500
CTACCCTCTCCGGCATGAATTTATCAGCTAGAACGGTTGAATATCATATT
GATGGGAGAGGCCGTACTTAAATAGTCGATCTTGCCRAACTTATAGTATAA

3510 3520 3530 3540 3550
GATGGTGATTTGACTGTCTCCGGCCTTTCTCACCCGITTGAATCTTTACC
CTACCACTAARCTGACAGAGGCCCGAAAGAGTGGGCAAACTTAGARAATGG

3560 3570 3580 3590 3600
TACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATT
ATGTGTAATGAGTCCGTAACGTAAATTTTATATACTCCCAAGATTTTTAA

3610 3620 3630 3640 3650
TTTATCCTTGCGTTGAAATAAAGGCTTCTCCCGCARAAGTATTACAGGGT
AARTAGGAACGCAACTTTATTTCCGAAGAGGGCGTTTTCATAATGTCCCA

3660 3670 3680 3690 3700
CATAATGTTTTTGGTACAACCGATTTAGCTTTATGCTCTGAGGCTTTATT
GTATTACAAARACCATGTTGGCTAAATCGAAATACGAGACTCCGAAATAA

3710 3720 3730 3740 3750
GCTTAATTTTGCTAATTCTTTGCCTTGCCTGTATGATTTATTGGATGTITG
CGAATTAAAACGATTAAGAAACGGAACGGACATACTAAATAACCTACAAC

3760 3770 3780 3790 3800
GAATTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACA
CTTAAGGACTACGCCATAAAAGAGGAATGCGTAGACACGCCATAAAGTGT

3810 3820 3830 3840 3850
CCGCATATEGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAA
GGCGTATACCACGTGAGAGTCATGTTAGACGAGACTACGGCGTATCAATT

3860 3870 3880 3890 3900
GCCAGCCCCGACACCCGCCAACACCCGCTGACGEGCCCTGACGGGCTTGT
CGGTCGGGCCTGTGGGCGGTTGTGCCCCACTGCGCGGGACTGCCCCAACA

3910 3920 3930 3940 3950
CTGCTCCCGGCATCCGCTTACAGACAAGCTGTCACCGTCTCCGGGAGCTG
GACGAGGGCCGTAGGCGAATGTCTGTTCGACACTGGCAGAGGCCCTCGAL

3960 3970 3980 3990 4000
CATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGACGARAGG
GTACACAGTCTCCAARAGTGGCAGTAGTGGCTTTCCGCGCTCTGCTTTCC

4010 4020 4030 4040 4050
GCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTT
CGGAGCACTATGCGGATAAAAATATCCAARTTACAGTACTATTATTACCAA

4000 4070 4080 4090 4100
TCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTAT
AGAATCTGCAGTCCACCGTGAAAAGCCCCTTTACACGCGCCTTGGGGATA

4110 4120 4130 4140 4150
TTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAAT

DK/EP 2911687 T3



DK/EP 2911687 T3

AACAAATAAAAAGATTTATGTAAGTTTATACATAGGCGAGTACTCTGTTA

4160 4170 4180 4190 4200
AACCCTGATAAATGCTTCAATAATATTGAARARGGAAGAGTATGAGTATT
TTGGGACTATTTACGAAGTTATTATAACTTTTTCCTTCTCATACTCATAA

>

4210 4220 4230 4240 4250
CARCATTTCCGCTGTCGCCCTTATTCCCTTTTITTGCGGCATTTTGCCTTCC
GTTGTAAAGGCACAGCCGCGAATAAGGCAAARAACGCCGTARAACGGAAGG

AMPR >

4260 4270 4280 4290 4300
TGTTTTTGCTCACCCAGAAACGCTGGTGARAGTAARAGATGCTGAAGATC
ACAAAAACGAGTGGGTCTTTGCGACCACTTTCATTTTCTACGACTTCTAG

AMPR >

4310 4320 4330 4340 4350
AGTTGGGTGCACGAGTGGGTTACATCCAACTGGATCTCAACAGCGGTAAG
TCAACCCACGTGCTCACCCAATGTAGCTTGACCTAGAGTTGTCGCCATIC

AMPR >

4360 4370 4380 4390 4400
ATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTT
TAGGAACTCTCAAAAGCGGGGCTTCTTGCAAARRGGTTACTACTCGTGARA

AMPR >

4410 4420 4430 4440 4450
TAAAGTTCTGCTATGTGGCGCCGTATTATCCCGTATTGACGCCGGGCAAG
ATTTCAAGACGATACACCGCGCCATAATAGGGCATARCTGCGGCCCHTIC

AMPR >

4460 4470 4480 4430 4500
AGCAACTCGGTCGCCGCATACACTATTCTCAGRAATGACTTGGTTGAGTAC
TCGTTGAGCCAGCGGCGTATGTGATAAGAGTCTTACTGAACCAACTCATG

AMPR >

4510 4520 4530 4540 4550
TCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATT
AGTGGTCAGTGTCTTTTCGTAGAATGCCTACCGTACTGTICATTCTCTTAA

AMPR >

4560 4570 4580 4590 4600
ATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTC
TACGTCACGACGGTATTGGTACTCACTATTGTGACGCCGGTTGAATGAAG

AMPR >

4010 4620 4630 4640 4650
TGACAACGATCGGAGGACCGAAGCGAGCTAACCCGCTTTTTTGCACAACATG
ACTGTTGCTAGCCTCCTGGCTTCCTCGATTGGCGRAARARACGTGTTGTAC

AMPR >

4660 4670 4680 4690 4700
GGGGATCATGTAACTCGCCTTGATCGTTCGCARCCGGACCTGAATGAAGC
CCCCTAGTACATTGAGCGGAACTAGCAACCCTTGGCCTCGACTTACTTCG



AMPR

4710 4720 4730 4740 4750
CATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAA
GTATGGTITTGCTGCTCGCACTGTGGTGCTACGGACATCCTTACCGTTGTT

AMPR

4760 4770 4780 4790 4800
CGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAA
GCAACGCGTTTGATAATTGACCGCTTGATGAATGAGATCGAAGGGCCGTT

AMPR

4810 4820 4830 4840 4850
CAATTAATAGACTGGATGGAGGCGGATAAAGT TGCAGGACCACTTCTGCG
GTTAATTATCTGACCTACCTCCGCCTATTTCARACGTCCTGGTGARGACGC

AMPR

4860 4870 4880 4890 4900
CTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTG
GAGCCGGGAAGGCCGACCGACCAAATARCGACTATTTAGACCTCGGCCAC

AMPR

4910 4920 4930 4940 4950
AGCGTGGGTCTCGCGGTATCATTGCAGCACTGEGGCCAGATGGTAAGCCC
TCGCACCCAGAGCGCCATAGTAACGTCGTGACCCCGGTCTACCATTCGGG

AMPR

4960 4970 4980 4990 5000
TCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGA
AGGGCATAGCATCAATAGATGTGCTGCCCCTCAGTCCGTTGATACCTACT

AMPR

5010 5020 5030 5040 5050
ACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
TGCTTTATCTGTCTAGCGACTCTATCCACGGAGTGACTAATTCGTAACCA

AMPR

5060 5070 5080 5090 5100
AACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTARAACTT
TTGACAGTCTGGTTCAARATGAGTATATATGAAATCTAACTAAATTTTGAA

>

5110 5120 5130 5140 5150
CATTTTTAATTTAARACGATCTAGGTGAAGATCCTTTTTGATAATCTCAT
GTAAAAATTAAATTTTCCTAGATCCACTTCTAGGAAAAACTATTAGAGTA

5160 5170 5180 5190 5200
GACCAAAATCCCTTAACGTGAGTTTTCGTITCCACTGAGCGTCAGACCCCG
CTGGTTTTAGGGAATTGCACTCAAAAGCAAGGTGACTCGCAGTCTGGGGE

5210 5220 5230 5240 5250
TAGAAAACATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
ATCTTTTCTAGTTTCCTAGAAGAACTCTAGGARAAARAGACGCGCATTAG

PBR322 ORIGIN

>

>

>

>

>

>

>

Vv
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5260 5270 5280 5290 5300
TGCTGCTTGCAAARCAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCC
ACGACGAACGTTTGTTTTTTTGGTGGCGATGGTCGCCACCARACAAACGG

PBR322 ORIGIN >

5310 5320 5330 5340 5350
GGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGC TTCAGCAGAG
CCTAGTTCTCGATGGTTGAGAARAAGGCTTCCATTGACCGAAGTCGTCTC

PBR322 ORIGIN >

5360 5370 5380 5390 5400
CGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCAL
GCGTCTATGGTTTATGACAGGAAGATCACATCGGCATCAATCCGGTGGTG

PBR322 ORIGIN >

5410 5420 5430 5440 5450
TTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTT
AAGTTCTTGAGACATCGTGGCGGATGTATGGAGCGAGACGATTAGGACAA

PBR322 ORIGIN >

5460 5470 5480 5490 5500
ACCAGTGGCTGCTGCCAGTGGCCGATAAGTCGTGTCTTACCGGGTTGGACT
TGGTCACCGACGACGGTCACCGCTATTCAGCACAGAATGGCCCAACCTGA

PBR322 ORIGIN >

5510 5520 5530 5540 5550
CAAGACGATAGTTACCGGATAAGGCGCAGCGGETCGEGECTGAACGGGGGET
GTTCTGCTATCAATGGCCTATTCCGCGTCGCCAGCCCGACTTGCCCCCCA

PBR322 ORIGIN >

5560 5570 5580 5590 5600
TCGTGCACACAGCTCAGCTTGGAGCGAACGACCTACACCGAACTGAGATA
AGCACGTGTGTCGGGTCGAACCTCGCTTGCTGGATGTGGCTTGACTCTAT

PBR322 ORIGIN >

5610 5620 5630 5640 5650
CCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCCAAGGGAGAAAGG
GGATGTCGCACTCGATACTCTTTCGCGGTGCGAAGGGCTTCCCTCTTTCC

EBR322 ORICIN >

5660 5670 5680 5620 5700
CGGACAGGTATCCGGTAAGCGGCAGGCTCGCAACAGGACAGCGCACGAGG
GCCTGTCCATAGGCCATTCGCCGTCCCAGCCTTGTCCTCTCGCGTGCTCC

PBR322 ORIGIN >

5710 5720 5730 5740 5750
GAGCTTCCAGGGCGAAACCCCTGGTATCTTIATAGTCCTGTCGGGTTTCG
CTCGAAGGTCCCCCTTTGCGGACCATAGAAATATCAGGACAGCCCAAAGC

PBR322 ORIGIN >

5760 5770 5780 5780 5800
CCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGCGCGGA
GGTGGAGACTGAACTCGCAGCTAAAAACACTACGAGCAGTCCCCCCGCCT

PBR322 ORIGIN >




5810 5820 5830 5840 5850
GCCTATGGAARAACGCCAGCARACGCGGCCTTTTTACGGTTCCTGGCCTTT
CGGATACCTTTTTGCGGTCGTTGCGCCGGAARAAATGCCAAGGACCGGAAR

PBR322 ORIGIN >

5860 5870 5880 5890 5900
TGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGT
ACGACCGGAARACGAGTGTACAAGAAAGGACCCAATAGGGGACTAAGACA

5910 5920 5930 5940 5950
GGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCC
CCTATTGGCATAATGGCCGAAACTCACTCGACTATGGCCGAGCGGCGTCEE

5960 5970 5980 5990 6000
GAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCLA
CTTGCTGGCTCGCGTCGCTCAGTCACTCGCTCCTTCGCCTTICTCGCGGGT

6010 6020 6030 6040
ATACGCAAACCGCCTCTCCCCGCGECGTTGGCCGATTCATTAATG
TATGCGTTTGGCGGAGAGGCGCGCGCAACCGGCTAAGTAATTAC
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Figure 1C; SEQ ID 2

10 20 30 40 50
CAGCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAAC
GTCGTCGACCGCATTATCGCTITCTCCGGGCGTGGCTAGCGGCAAGGGTTG

60 70 80 90 100
AGTTGCGCAGCCTGAATGCCGAATGCGAATTCCAGACGATTGAGCGTCAAA
TCAACGCGTCGGACTTACCGCTTACCT TAAGGTCTGCTAACTCGCAGTTT

110 120 130 140 150
ATGTAGGTATTTCCATGAGCGTTTTTCCTGTTGCAATGGCTGGCGGTAAT
TACATCCATAARAGGTACTCGCAAAAAGGACAACGTTACCGACCGCCATTA

160 170 180 190 200
ATTGITCTGGATATTACCAGCAAGGCCGATAGTTTGAGTTCTTCTACTCA
TAACAAGACCTATAATGGTCGTTCCGGCTATCARACTCAAGAAGATGAGT

210 220 230 240 250
GGCAAGTIGATGTTATTACTAATCAAAGAAGTATTGCGACARACGGTTAATT
CCGTTCACTACAATAATGATTAGTTTCTTCATAACGCTGTTGCCAATTAA

260 270 280 290 300
TGCGTGATGGACAGACTCTTTTACTCGGTGGCCTCACTGATTATAAAAAC
ACGCACTACCTGTCTGAGAAAATGAGCCACCGGAGTGACTAATATTTTTG

310 320 330 340 350
ACTTCTCAGGATTCTGGCGTACCGTTCCTGTCTAAAATCCCTTTAATCGG
TGAAGAGTCCTAAGACCGCATGGCAAGGACAGATTTTAGGGAAATTAGCC

360 370 380 390 400
CCTCCTGTTTAGCTCCCGCTCTGAT TCTAACGAGGAAARGCACGTTATACG
GGAGGACAAATCGAGGGCGAGACTAAGATTGCTCCTTTCGTGCAATATGC

410 420 430 440 450
TGCTCGTCAAARGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGL
ACGAGCAGTTTCGTTGGTATCATGCGCGGGACATCGCCGCGTAATTCGCG

460 470 480 490 500
GGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCC
CCGCCCACACCACCAATGCGCGTCGCACTGGCGATGTGAACGGTCGCGGG

F1 ORIGIN >

510 520 530 540 550
TAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCC
ATCGCGGGCGAGGAAAGCGAAAGAAGGGAAGGAAAGAGCGGTGCAAGCGG

F1l ORIGIN >

560 570 580 590 600
GGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATT
CCGAAAGGGGCAGTTCGAGATTTAGCCCCCGAGGGAAATCCCAAGGCTAA

F1 ORIGIN >




610 620 630 640 650
TAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTT
ATCACGAAATGCCGTGGAGCTGGGGTTTTTTGAACTAATCCCACTACCAR

F1 ORIGIN >

660 670 080 690 700
CACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTG
GTGCATCACCCGGTAGCGGGACTATCTGCCAAAAAGCGGGARACTGCAAC

Fl ORIGIN >

710 720 730 740 750
GAGTCCACGTTCTITTAATAGTGGACTCTTGTTCCAAACTGGAACAACACT
CTCAGGTGCAAGAAATTATCACCTGAGAACAAGGTTTGACCTTGTIGTGA

F1l ORIGIN b

760 770 780 790 800
CAACCCTATCTCGGTCTATTCTTTTGATTTATARGGGATTTTGCCGATTT
GTTGGGATAGAGCCAGATAAGAAAACTAAATATTCCCTAAARCGGCTAAA

810 820 830 840 850
CGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAAT
GCCGGATAACCAATTTTTTACTCGACTAAATTGTTTTTAAATTGCGCTTA

860 870 880 890 900
TTTAACAAAATATTAACGTTTACAATTTAARAATATTTGCTTATACAATCTT
AAATTGTTTTATAATTGCAAATGTTAAATTTATAAACGAATATGTTAGAR

910 920 930 940 950
CCTCTTTTTGGGGCTTTTCTCATTATCAACCGGGGTACATATGATTGACA
GGACARAAARCCCCGAAAAGACTAKRTAGT TGGCCCCATGTATACTAACTGT

960 970 980 990 1000
TGCTAGTTTTACGATTACCGTTCATCGCCTGCACTGCGCGCTCGCTCGCT
ACGATCAAAATGC TAATGGCAAGTAGCGGACGTGACGCGCGAGCGAGCGA

_ MUTATEDITR >

1010 1020 1030 1040 1050
CACTGAGGCCGCCCGGGCARAGCCCGGGCGTCGGGCGACCTTTGGTCGCCE
GTGACTCCGGCGGGCCCGTTTCGGGCCCGCAGCCCGCTGGAAACCAGCGE

MUTATEDITR >

1060 1070 1080 1090 1100
CGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGACGTGGAATTCACGCGT
GCCGGAGTCACTCGCTCGCTCGCGCGTCTCTCCCTCACCTTAAGTGCGCA

MUTATEDITR >

1110 1120 1130 1140 1150
GGTACGATCTGAATTCGGTACAATTICACGCGTGGTACGGCCGCGGTACCG
CCATGCTAGACTTAAGCCATGTTAAGTGCGCACCATGCCGGCGCCATGGE

1160 1170 1180 1190 1200
GCGCGCCGGGGEGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTA
CGCGCGGCCCCCTCCGACGACCACTTATAATTGGTTCCAGTGGGGTCAAT

>Serp_enh >mTTR/promoter
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| |
1210 1220 1230 [1240 | 1250
TCGGAGGAGCAAACAGGGGCTAAGTCCACACGCGTGGTACCGTCTGTCTG
AGCCTCCTCCTTTGTCCCCGATTCAGGTCTGCGCACCATGGCAGACAGAC

1260 1270 1280 1290 1300
CACATTTCGTAGAGCGAGTGTTCCCGATACTCTAATCTCCCTAGGCAAGGT
GTGTAAAGCATCTCGCTCACAAGGCTATGAGATTAGAGGGATCCGTTCCA

1310 1320 1330 1340 1350
TCATATTIGTGTAGGTTACTTATTCTCCITTTGTTGACTAAGTCAATAAT
AGTATAAACACATCCAATGAATAAGAGGAARACRACTGATTCAGTTATTA

1360 1370 1380 1390 1400
CAGAATCAGCAGGTTTGGAGTCAGCTTGCCAGGGATCAGCAGCCTGGGTT
GTCTTAGTCGTCCAAACCTCAGTCGAACCGTCCCTAGTCGTCGGACCCAA

>mITR/5" /ut
|
1410 1420 1430 1440 | 1450
GGAAGGAGGGGGTATAAAAGCCCCTTCACCAGCAGAAGCCGTCACACAGA
CCTTCCTCCCCCATATTTTCGGGGAAGTGGTCCTCTTCGGCAGTGTGTCT

SMVMint
|
1460 | 1470 1480 1490 1500
TCCACAAGCTCCTGAAGAGGTAAGGGTTTAAGGGATGGTTGGTTGGTGGG
AGGTGTTCGAGGACTTCTCCATTCCCAARATTCCCTACCAACCAACCACCC

1510 1520 1530 1540 1550
GTATTAATGTTTAATTACCTGGAGCACCTGCCTGARATCACTTTTTTTCA
CATAATTACAAATTAATGCACCTCCTCCGACGGACTTTAGT GAAAAAAAGT

1560 1570 1580 1590 1600
GGTTGGCTAGCATGCACCGCCTGAACATGATCATGGCCGAGAGCCCLCGGT
CCARACCGATCGTACGTCGCGCACTTGTACTAGTACCGGCTCTCGGGGCCG

HUFIXCOPTMT >

1610 1620 1630 1640 1650
CTGATCACCATCTGCCTGCTCGGCTACCTGCTCGAGCGCCGAGTGCACCGT
GACTAGTGGTAGACGGACGACCCGATGGACGACTCGCGECTCACGTGGCA

HUFIXCOPTMT >

1660 1670 1680 1620 1700
GTTCCTGGACCACGAGAACGCCAACAAGATCCTGAACCGCCCCAAGCGLT
CAAGGACCTGGTGCTCTTGCGCETTGTTCTAGGACTTIGGCGGEGTTCGCGA

HUFIXCOPTMT >

1710 1720 1730 1740 1750
ACARACAGCGGCAAGCTGGAGGAGTTCGTGCAGGGCAACCTGGAGCGCGAG
TGTTGTCGCCGTTCGACCTCCTCARGCACGTCCCGTTGGACCTCGCGLCTC

HUFIXCOPTMT >

1760 1770 1780 1790 1800
TGCATGGAGGAGAAGTGCAGCTTCGAGGAGGCCCGCGAGGTGTTCGAGAA
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ACGTACCTCCTCITCACGTCGAAGCTCCTCCGGGCGCTCCACAAGCTCTT
HUFIXCOPTMT >

1810 1820 1830 1840 1850
CACCGAGCGCACCACCGAGTTCTGGAAGCAGTACGTGGACGGCGACCAGT
GTGGCTCGCGTGGTGGCTCAAGACCTTCGTCATGCACCTGCCGCTGGTCA

HUFIXCOPTMT >

1860 1870 1880 18290 1900
GCCAGAGCAACCCCTGCCUTGAACGGCCGCAGCTGCAAGCGACGACATCAAC
CGCTCTCGTTGGGGACGGACTTGCCGCCGTCGACGTTCCTGCTGTAGTTG

HUFIXCOPTMT >

1910 1920 1930 1940 1950
AGCTACGAGTGCTGGTGCCCCTTCGGCTTCGAGGGCARGAACTGCGAGCT
TCGATGCTCACGACCACGGGGAAGCCGAAGCTCCCETTCTTGACGCTCGA

HUFIXCOPTMT >

1960 1970 1980 1990 2000
GGACGTGACCTGCAACATCAAGAACGGCCGCTGCGAGCAGTTCTGCAAGA
CCTGCACTGGACGTTIGTAGTTCTTGCCGGCGACGCTCGTCAAGACGTTCT

HUFIXCOPTMT >

2010 2020 2030 2040 2050
ACAGCGCCGACAACAAGGTGGTGTGCAGCTGCACCGAGGGCTACCGCCTG
TCGTCGCGGCTGTTGTTCCACCACACGTCGACGTGGCTCCCGATGGCGGAL

HUFIXCOPTMT >

2060 2070 2080 2090 2100
GCCGAGAACCAGAAGAGCTGCGAGCCCGLLGTGCCCTTCCCCTGCGGCLG
CGGCTCTTGGTCTTCTCGACGCTCGGGCGGCACGGGAAGGGGACGCLCGGC

HUFIXCOPTMT >

2110 2120 2130 2140 2150
CGTGAGCGTGAGCCAGACCAGCAAGCTGACCLCGCGCCGAGGCCGTGTTEC
GCACTCGCACTCGGTCTGGTCGTTCGACTGGGCGCGGCTCCGGCACRAGG

HUFIXCOPTMT >

2160 2170 2180 2190 2200
CCGACGTGGACTACGTGAACAGCACCGCAGGCCCAGACCATCCTGGACAAC
GGCTGCACCTGATGCACTTGTCGTGGCTCCGGCTCTGETAGGACCTGTTG

HUFIXCOPTMT >

2210 2220 2230 2240 2250
ATCACCCAGAGCACCCAGAGCTTCAACGACTTCACCCGCGTGGTGGGCGG
TAGTGGGTICTCGTGGGTCTCGAAGTTGCTGAAGTGGGCGCACCACCCGLCC

HUFIXCOPTMT >

2260 2270 2280 2290 2300
CGAGGACGCCAAGCCCGGCCAGTTCCCCTGGCAGGTGGTGCTGAACGGCA
GCTCCTGCGGTTCGGGCCGGTCARGGGGACCGTCCACCACGACTTGCCGT

HUFIXCOPTMT >

2310 2320 2330 2340 2350
AGGTGGACGCCTTCTGCGGCGGCAGCATCGTGRAACGAGRAAGTGGATCGTG
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TCCACCTGCGGAAGACGCCGCCGTCGTAGCACTTGCTCTTCACCTAGCAC
HUFIXCOPTMT >

2360 2370 2380 2390 2400
ACCGCCGCCCACTGCGTGGAGACCGGCGTGAAGATCACCGTGGTGGLCGG
TGGCGGCGGGTGACGCACCTCTGGCCGCACTTCTAGTGECACCACCEGCC

HUFIXCOPTMT >

2410 2420 2430 2440 2450
CCAGCACAACATCGAGCAGACCGAGCACACCGAGCAGAAGCGCAACGTGA
GCTCGTGTTGTAGCTCCTCTGGCTCGTGTGGCTCGTICTTCGCGTTGCACT

HUFIXCOPTMT >

2460 2470 2480 2490 2500
TCCGCATCATCCCCCACCACAACTACAACGCCGCCATCAACAAGTACAAL
AGGCGTAGTAGGGGGTGGTGTTGATGTTGCGGCGGTAGTTGTTCATGTTG

HUFIXCOPTMT >

2510 2520 2530 2540 2550
CACGACATCGCCCTGCTGGAGCTGGACGAGCCCCTGGTGCTGAACAGCTA
GTGCTGTAGCGGGACGACCTCGACCTGCTCGGGGACCACGACTTGTCGAT

HUFIXCOPTMT >

2560 2570 2580 2590 2600
CGTGACCCCCATCTGCATCGCCGACARGCGAGTACACCAACATCTTCCTGA
GCACTGGCGGGTAGACGTACGCGGCTGTTCCTCATGTGCTTGTAGAAGGACT

HUFIXCOPTMT >

2610 2620 2630 2640 2650
AGTTCGGCAGCGGCTACGTGAGCGGCTGGGGCCGCETGTTCCACAAGGGC
TCAAGCCGTCGCCGATGCACTCGCCGACCCCGGCGCACAAGGTGTTCCCG

HUFIXCOPTMT >

2060 2670 2680 2690 2700
CGCAGCGCCCTGGTGCTGCAGTACCTGCGCGTGCCCCTCGTGGACCGCGC
GCGTCGCGGGACCACGACGTCATGGACGCGCACGGGGACCACCTGGCGCG

HUFIXCOPTMT >

2710 2720 2730 2740 2750
CACCTGCCT GCACCAAGTTCACCATCTACAACAACATGTICTGCG
GTGGACGGAC TCETGGTTCARGTGGTAGATGTTGTTGTACAAGACGC
HUFIXCOPTMT >

2760 2770 2780 2720 2800

CCGGCTTCCACGAGGGCGGCCGCGACAGCTGCCAGGGCGACAGCGGCGEL
GGCCGAAGGTGCTCCCGCCGGLGCTGTCGACGGTCCCGCTGTCGCCGLCG
HUFIXCOPTMT >

2810 2820 2830 2840 2850
CCCCACGIGACCGAGGTGGAGGGCACCAGCTTCCTGACCGGCATCATCAG
GGGGTGCACTGGCTCCACCTCCCGTGGTCGAAGGACTGGCCGTAGTAGTC

HUFIXCOPTMT >

2860 2870 2880 2890 2900
CTGGGGCGAGGAGTGCGCCATGAAGGGCAAGTACGGCATCTACACCAAGG
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GACCCCGCTCCTCACGCGGTACTTCCCGTTCATGCCGTAGATGTGGTTCC
HUFIXCOPTMT >

2910 2920 2930 2940 2950
TGAGCCGCTACGTGAACTGGATCAAGGAGAAGACCAAGCTGACCTGGAGA
ACTCGGCGATGCACTTGACCTAGTICCTCTTCTGGTICGACTGGACCTCT

HUFIXCOPTMT >

2960 2970 2980 2920 3000
TCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGC
AGACTAGTCGGAGCTGACACGGAAGATCAACGGTCGGTAGACAACAAACG

BGHPA >

3010 3020 3030 3040 3050
CCCTCCCCCGTGCCTTCCTTGACCCTCGAAGGTGCCACTCCCACTGTCCT
GGGAGGGGGCACGGAAGGAACTGGGACCTTCCACGGTGAGGGTGACAGGA

BGHPA >

3060 3070 3080 3020 3100
TTCCTAATARAATGAGCGAAATTGCATCGCATTGTCTGAGTAGGTGTCATT
AAGGATTATTTTACTCCTTTAACGTAGCGTAACAGACTCATCCACAGTAA

BGHPA >

3110 3120 3130 3140 3150
CTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAR
GATAAGACCCCCCACCCCACCCCGTCCTGTCGTTCCCCCTCCTAACCCTT

BGHPA >

3160 3170 3180 3190 3200
GACAATAGCAGGCATGCTGGGGATCTGATAGCAGGCATGCTGGGGAGAGA
CTGTTATCGTCCGTACGACCCCTAGACTATCGTCCGTACGACCCCTCTCT

BGHPA >

3210 3220 3230 3240 3250
TCGATCTAGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGC
AGCTAGATCCTTGGGGATCACTACCTCAACCGGTGAGGGAGAGACGCGCG

ITR >

3260 3270 3280 3290 3300
TCGCTCGCTCACTGAGGCCGCCCGGGCARAGCCCGGGCGTCGGGCGACCT
AGCGAGCGAGTGACTCCGGLGEGCCLGTTTCGGGCCCGCAGCCCGCTGGA

ITR >

3310 3320 3330 3340 3350
TTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCC
AACCAGCGGGCCGGAGTCACTCGCTCGCTCGCGCGTCTCTCCCTCACCGG

ITR >

3360 3370 3380 3390 3400
AACCCCCCCCCCCLCCCCECCTGCATGCAGGCGATTCTCTTGTTTGCTCCA
TTGGGGGGEGGGGGEGEEGGEACGTACGTCCGCTAAGAGAACARACGAGET

>

3410 3420 3430 3440 3450
GACTCTCAGGCAATGACCTGATAGCCTTTGTAGAGACCTCTCAAAAATAG



CTGAGAGTCCGTTACTGGACTATCGGARACATCTCTGGAGAGTTTTTATC

3460 3470 3480 3490 3500
CTACCCTCTCCGGCATGAATTTATCAGCTAGAACCGTTGAATATCATATT
GATGGGAGAGGCCGTACTTARATAGTCGATCTTGCCAACTTATAGTATAA

3510 3520 3530 3540 3550
GATGGTGATTTGACTGTCTCCGGCCTTTCTCACCCGTTTGAATCTTTACC
CTACCACTAAACTGACAGACGCCGGAAAGAGTGGGCARACTTAGAAATGG

3560 3570 3580 3590 3600
TACACATTACTCAGGCATTGCATTTAAAATATATGAGGGTTCTAAAAATT
ATGTGTAATGAGTCCGTAACGTAAATTTTATATACTCCCAAGATTTTTAA

3610 3620 3630 3640 3650
TTTATCCTTGCGTTGARATARAGGCTTCTCCCGCAAAAGTATTACAGGGT
AAATAGGAACGCAACTTTATTTCCGAAGAGGGCGTTTTCATAATGTCCCA

3660 3670 3680 3690 3700
CATAATGTTTTTGGTACAACCGATTTAGCTTTATGCTCTGAGGCTTTATT
GTATTACAAAAACCATGTTGGCTAAATCGAAATACGAGACTCCGAAATAA

3710 3720 3730 3740 3750
GCTTAATTTTGCTAATTCTTTGCCTTGCCTGTATGATT TATTGGATGTTG
CGAATTARAACGATTAAGARACGGAACGGACATACTAAATAACCTACAAC

3760 3770 3780 3790 3800
GAATTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACA
CTTAAGGACTACGCCATAAAAGAGGAATGCGTAGACACGCCATAAAGTGT

3810 3820 3830 3840 3850
CCGCATATGGTGCACTCTCAGTACAATCTGCTCTCATGCCGCATAGTTAA
GGCGTATACCACGTGAGAGTCATGT TAGACGAGACTACGGCGTATCAATT

3860 3870 3880 3890 3900
GCCAGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGT
CGGTCGGGGCTGTGGGCCGETTCTGGGCGACTGCGCGGGCACTGCCCGAACA

3910 3920 3930 3940 3950
CTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCCTCTCCCGGAGCTG
GACGAGGGCCGTAGGCGAATGTCTGITCGACACTGGCAGAGGCCCTCGAC

3960 3970 3980 3990 4000
CATGTGTCAGAGGTTTTCACCGTCATCACCGAARACGCGCGAGACGARAAGG
GTACACAGTCTCCAAAAGTGGCAGTAGTGGCTTTGCGCGCTCTGCTTTCC

4010 4020 4030 4040 4050
GCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTT
CGGAGCACTATGCGGATAAAAATATCCAATTACAGTACTATTATTACCAA

4060 4070 4080 4090 4100
TCTTAGACGTCAGGTGGCACTTTTCGGGGARATGTGCGCGGARACCCCTAT
AGAATCTGCAGTCCACCGTGAAAAGCCCCTTTACACGCGCCTTGGGGATA

4110 4120 4130 4140 4150
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TTGTTTATTITTCTAAATACATTCAAATATGTATCCGCTCATGAGACAAT
AACAAATAAARAAGATTTATGTAAGT TTATACATAGGCGAGTACTCTGTTA

4160 4170 4180 4190 4200
AACCCTGATARATGCTTCAATAATATTGAARARAGGARGAGTATGAGTATT
TTGGGACTATTTACGAAGTTATTATAACTTTTICCTTCTCATACTCATAA

4210 4220 4230 4240 4250
CAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCC
GTTGTAARAGGCACAGCCGGAATRAAGGCGAAAARACGCCGTARARACGGAAGG

AMPR >

4260 4270 4280 4290 4300
TGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAARAGATGCTGAAGATC
ACARAAACGAGTGGGTCTTTGCGACCACTTTCATTTTCTACGACTTCTAG

AMER >

4310 4320 4330 4340 4350
AGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAG
TCAACCCACGTGCTCACCCAATGTAGCTTIGACCTAGAGTTGTCGCCATTIC

AMPR >

4360 4370 4380 4390 4400
ATCCTTGAGAGTTTTCGCCCCGAAGARCCTTTTCCAATGATGAGCACTTT
TAGGAACTCTCAAAAGCGGGGCTTCTTGCAAARRGGT TACTACTCGTGAAA

AMPR >

4410 4420 4430 4440 4450
TARAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAG
ATTTCAAGACGATACACCGCGCCATAATAGGGCATAACTGCGGCCCGTTC

AMPR >

4460 4470 4480 4490 4500
AGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTAC
TCGTTGAGCCAGCGGCGTATGTGATAAGAGTCTTACTGAACCAACTCATG

AMPR >

4510 4520 4530 4540 4550
TCACCAGTCACAGAAAAGCATCTTACGGATCGCATCACAGTAAGAGAATT
AGTGGTCAGTGTCTTTTCGTAGAATGCCTACCGTACTGTCATTCTCTTAA

AMPR >

4560 4570 4580 4520 4600
ATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTC
TACGTCACGACGGTATTGGTACTCACTATTGTGACGCCGGTTGAATGAAG

AMPR >

4610 4620 4630 4640 4650
TGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATG
ACTGTTGCTAGCCTCCTGGCTTCCTCGATTCGCGAAARRAACGTGTTGTAC

AMPR >

4660 4670 4680 4690 4700
GGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGC
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CCCCTAGTACATTGAGCGGAACTAGCAACCCTTGGCCTCGACTTACTTCG
AMPR >

4710 4720 4730 4740 750
CATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAA
GTATGGTTTGCTGCTCGCACTGTGGTGCTACGGACATCGTTACCGTTGTT

AMPR >

4760 4770 4780 4790 4800
CGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAA
GCAACGCGTTTGATAATTGACCGCTTCGATGAATGAGATCGAAGGGCCGTT

AMPR >

4810 4820 4830 4840 4850
CAATTAATAGACTGGATGGAGGCGGATARAGTTGCAGGACCACTTCTGCG
GTTAATTATCTGACCTACCTCCGCCTATTTCAACGTCCTGGTGARGACGC

AMPR >

4860 4870 4880 4890 4900
CTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAARTCTGGAGCCGGTG
GAGCCGGGAAGGCCGACCGACCAAATAACGACTATTTAGACCTCGGCCAC

AMPR >

4910 4920 4930 4940 4950
AGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCC
TCGCACCCAGAGCGCCATAGTAACGTCGTGACCCCGGTCTACCATTCGGG

AMPR >

4960 4970 4980 4990 5000
TCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGA
AGGGCATAGCATCAATAGATGTGCTGCCCCTCAGTCCGTTGATACCTACT

AMPR >

5010 5020 5030 5040 5050
ACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGT
TGCTTTATCTGTCTAGCGACTCTATCCACGGAGTGACTAATTCGTAACCA

AMPR >

5060 5070 5080 5090 5100
AACTGTCAGACCARAGTTTACTCATATATACTTTAGATTGATTTAAAACTT
TTGACAGTCTGGTTCAAATGAGTATATATGAAATCTAACTAAATTTTGAA

>

5110 5120 5130 5140 5150
CATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCAT
GTAAAAATTAAATTTTCCTAGATCCACTTCTAGGAAAARCTATTAGAGTA

5160 5170 5180 5190 5200
GACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCG
CTGGTTTTAGGGAATTGCACTCAAAAGCAAGGTGACTCGCAGTCTGGGGC

5210 5220 5230 5240 5250
TAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATC
ATCITTTCTAGTTTCCTAGCAAGAACTCTAGCAAAAAAKCGACGCGCATTAG

PBR322 ORIGIN >
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5260 5270 5280 5290 5300
TGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCC
ACGACGAACGTTTGTTTTTTTGGTGGCGATGGTCGCCACCARACAAACGG

PBR322 ORIGIN >

5310 5320 5330 5340 5350
GGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAG
CCTAGTTCTCGATGGT TGAGAARAAGGCTTCCATTGACCGAAGTCGTCTC

PBR322 ORIGIN >

5360 5370 5380 5390 5400
CGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCAL
GCGTCTATGGTTTATGACAGGAAGATCACATCGGCATCARTCCGGTGGTG

PBR322 ORIGIN >

5410 5420 5430 5440 5450
TTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTT
AAGTTCTTGAGACATCGTGGCGGATGTATGGCGAGCGAGACGATTAGGACAA

PBR322 ORIGIN >

5460 5470 5480 5420 5500
ACCAGTGGCTGCTGCCAGTGGCCATAAGTCGTGTCTTACCGGGTTGGACT
TGGTCACCGACGACGGTCACCGCTATTCAGCACAGARTGGCCCAACCTGA

PBR322 ORIGIN >

5510 5520 5530 5540 5550
CAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGECTGARCGGGGGGET
GTTCTGCTATCAATGGCCTATTCCGCGTCGCCAGCCCGACTTGCCCCCCA

PBR322 ORIGIN >

5560 5570 5580 5590 5600
TCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATA
AGCACGTGTGTCGGGTCGAACCTCGCTTIGCTGGATGTGGCTTGACTCTAT

PBR322 ORICGIN >

5610 5620 5630 5640 5650
CCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGG
GGATGTCGCACTCGATACTCTTTCGCGGTGCGAAGGGCTTCCCTCTTTCC

FBR322 ORIGIN >

5660 5670 5680 5680 5700
CGGACAGGTATCCGGTAAGCGGCAGGGTCGCAACAGGACAGCGCACGAGG
GCCTGTCCATAGGCCATTCGCCGTCCCAGCCTTGTCCTCTCGCGTGCTCC

PBR322 ORIGIN >

5710 5720 5730 5740 5750
GAGCTTCCAGGGCGAAACCCCTGGTATCTTIATAGTCCTGTCGGGTTTCG
CTCGAAGGTCCCCCTTTGCGGACCATAGAAATATCAGGACAGCCCAAAGC

PBR322 ORIGIN >

5760 5770 5780 5790 5800
CCACCTCTIGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGCGELCGGA
GGTGGAGACTGAACTCGCAGCTAAARACACTACGAGCAGTCCCCCCGCCT

PBR322 ORIGIN >




5810 5820 5830 5840 5850
GCCTATGGAARAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTT
CGGATACCTTTTTGCGGTCGTTGCGCCGGAARARATGCCAAGGACCGGAAR

PBR322 ORIGIN >

5860 5870 5880 5890 5900
TGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGT
ACGACCGGAAAACGAGTCTACAAGAAAGGACGCAATAGGGGACTAAGACA

5910 5920 5930 5940 5950
GGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCC
CCTATTGGCATAATGGCCGAAACTCACTCGACTATGGCCAGCGGCGTCEE

5960 5970 5980 5990 6000
GAACGACCGAGCGCAGCGAGTCAGCTGAGCGAGGAAGCGGAAGAGCGCCLA
CTTGCTGGCTCGCGTCGCTCAGTCACTCGCTCCTTCGCCTTCTCGCGGGT

6010 6020 6030 6040
ATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATG
TATGCGTTTGGCGGAGAGGCGCGCGCAACCGGCTAAGTAATTAC
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Fig. 6

SEQ ID NO: 6
CCTIGCAGGCAGCTGCGCGCTICGCTCGCTCACTGAGGCCGCCCGGGCA44AGCCCG
GGCGTCGGGCGACCTITGGTICGCCCGGCCICAGTGAGCGAGCGAGCGCGCAGH
GAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTGCGGCCGCGGTACCGGCGC
GCCGGGGGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTATCG
GAGGAGCAAACAGGGGCTAAGTCCACACGCGTGGTACCGTCTGTCTGCAC
ATTTCGTAGAGCGAGTGTTCCGATACTCTAATCTCCCTAGGCAAGGTTCATAT
TTGTGTAGGTTACTTATTCTCCTTTTGTTGACTAAGTCAATAATCAGAATCAG
CAGGTTTGGAGTCAGCTTGGCAGGGATCAGCAGCCTGGGTTGGAAGGAGGGG
GTATAAAAGCCCCTTCACCAGGAGAAGCCGTCRCACAGATCCACAAGCTCCﬂ
@MAGAGGK&4GGGTTZ44GGGATGGTTGGTTGGTGGGGAMYYHATGTTZ@H7HCC
TGGAGCACCTGCCTGAAATCACTTTTTTTCAGGTTGGCTAGTATGCAGATCGAG
CTGTCCACCTGCTTTITICTGTGCCTGCTGCGGCTTCTGCTTCAGCGCCAC
CCGGCGGTACTACCTGGCGCGCCGTGGAGCTGTCCTGGGACTACATGCAG
AGCGACCTGGGCGAGCTGCCCGTGGACGCCCGGTTCCCCCCCAGAGTG
CCCAAGAGCTTCCCCTTCAACACCAGCGTGGTGTACAAGAAAACCCTGT
TCGTGGAGTTCACCGACCACCTGTTCAATATCGCCAAGCCCAGGCCCCC
CTGGATGGGCCTGCTGGCGCCCCACCATCCAGLCCGAGGTGTACGACACC
GTGGTGATCACCCTGAAGAACATGGCCAGCCACCCCGTGAGCCTGCACG
CCGTGGGCGTGAGCTACTGGAAGGCCAGCGAGGGCGCCGAGTACGACG
ACCAGACCAGCCAGCGGGAGAAAGAAGATGACAAGGTGTTCCCTGGCG
GCAGCCACACCTACGTGTGGCAGGTGCTGAAAGAAAACGGCCCCATGGC
CTCCGACCCCCTGTGCCTGACCTACAGCTACCTGAGCCACGTGGACCTG
GTGAAGGACCTGAACAGCGGCCTGATCGGCGCTCTGCTCGTCTGCCGGG
AGGGCAGCCTGGCCAAAGAGAAAACCCAGACCCTGCACAAGTTCATCCT
GCTGTTCGCCGCTGTTCGACGAGGGCAAGAGCTGGCACAGCGAGACAAA
GAACAGCCTGATGCAGGACCGGGACGCCGCCTCTGCCAGAGLCTGGCC
CAAGATGCACACCGTGAACGGCTACGTGAACAGAAGCCTGCCCGGCCTG
ATTGGCTGCCACCGGAAGAGCGTGCTACTGGCACGTGATCGGCATGGGCA
CCACACCCCGAGGTGCACAGCATCTTITCTGGAAGGGCACACCTTTCTGGT
CCGGAACCACCGGCAGGCCAGCCTGGAAATCAGCCCTATCACCTTCCTG
ACCGCCCAGACACTGCTGATCGGACCTGGGCCAGTTCCTGCTGTTTTGCC
ACATCAGCTCTCACCAGCACGACGGCATGGAAGCCTACGTGAAGGTGGA
CTCTTGCCCCGAGGAACCCCAGCTGCGGATGAAGAACAACGAGGAAGCC
GAGGACTACGACGACGACCTGACCGACAGCGAGATGGACGTGGTGCGG
TTCGACGACGACAACAGCCCCAGCTTCATCCAGATCAGAAGCGTGGCCA
AGAAGCACCCCAAGACCTGGGTGCACTATATCGCCGCCGAGGAAGAGGA
CTGGGACTACGCCCCCCTGGTGCTGGCCCCCGACGACAGAAGCTACAAG
AGCCAGTACCTGAACAATGGCCCCCAGCGGATCGGCCGGAAGTACAAGA
AAGTGCGGTTCATGGCCTACACCGACGAGACATTCAAGACCCGGGAGGLC
CATCCAGCACGAGAGCGGCATCCTGGGCCCCCTGCTGTACGGCGAAGTG
GGCGACACACTGCTGATCATCTTCAAGAACCAGGCTAGCCGGCCCTACA



ACCGCCCAGACACTGCTGATGGACCTGGGCCAGTTCCTGCTGTTTTC.ee
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ACATCTACCCCCACGGCATCACCGACCTCGCGCCCCCCTGCTACAGCAGGCG
GCTGCCCAAGGGCGCTGAAGCACCTGAAGGACTTCCCCATCCTGCCCGGC
GAGATCTTCAAGTACAAGTGGACCGTGACCGTGGAGGACGGCCCCACCA
AGAGCGACCCCAGATGCCTGACCCGGTACTACAGCAGCTTCGTGAACAT
GGAACGGGACCTGGCCTCCGGGCTGATCGGACCTCTGCTGATCTGCTAC
AAAGAAAGCGTGGACCAGCGGGGCAACCAGATCATGAGCGACAAGCGG
AACGTGATCCTGTTCAGCGTGTTCGATGAGAACCGGTCCTGGTATCTGA
CCGAGAACATCCAGCGGTTTCTGCCCAACCCTGCCGGCGTGCAGCTGGA
AGATCCCGAGTTCCAGGCCAGCAACATCATGCACTCCATCAATGGCTAC
GTIGTTCGACTCTCTGCAGCTCTCCGTGCTCTCTGCACGAGGTGGCCTACT
GGTACATCCTGAGCATCGGCGCCCAGACCGACTTCCTGAGCGTGTTCTT
CAGCGGCTACACCTTCAAGCACAAGATGGTGTACGAGGACACCCTGACC
CTGTTCCCTTTCAGCGGCGAGACAGTGTTCATGAGCATGGAAAACCCCG
GCCTGTGGATTCTGGGCTGCCACAACAGCGACTTCCGGAACCGGGGCAT
GACCGCCCTGCTGAAGGTGTCCAGCTGCGACAAGAACACCGGCGACTAC
TACGAGGACAGCTACGAGGATATCAGCGCCTACCTGCTGTCCAAGAACA
ACGCCATCGAACCCCGGAGCTTCAGCCAGAACCCCCCCGTGCTGACGCG
TCACCAGCGGGAGATCACCCGGACAACCCTGCAGTCCGACCAGGAAGAG
ATCGATTACGACGACACCATCAGCGTGGAGATGAAGAAAGAGGATTTCG
ATATCTACGACGAGGACGAGAACCAGAGCCCCAGAAGCTTCCAGAAGAA
AACCCGGCACTACTTCATTGCCGCCGTGGAGAGGCTGTGGGACTACGGC
ATGAGTTCTAGCCCCCACGTGCTGCGGAACCGGGCLCCAGAGCGGEAGL
GTGCCCCAGTTCAAGAAAGTGGTGTTCCAGGAATTCACAGACGGCAGCT
TCACCCAGCCTCTGTATAGAGGCGAGCTGAACGAGCACCTGGGGCTGCT
GCGGCCCTACATCAGGGCCGAAGTCGAGGACAACATCATGGTGACCTTC
CGGAATCAGGCCAGCAGACCCTACTCCTTCTACAGCAGCCTGATCAGCT
ACGAAGAGGACCAGCGGCAGGGCGCCGAACCCCGGAAGAACTTCGTGA
AGCCCAACGAAACCAAGACCTACTTCTGGAAAGTGCAGCACCACATGGC
CCCCACCAAGGACGAGTTCGACTGCAAGGCCTGGGCCTACTTCAGCGAC
GTGGATCTGGAAAAGGACGTGCACTCTGGACTGATTGGCCCACTCCTGG
TCTGCCACACTAACACCCTCAACCCCGCCCACGGCCGCCAGGTGACCGT
GCAGGAATTCGCCCTGTTCTTCACCATCTITCGACGAGACAAAGTCCTGG
TACTTCACCGAGAATATGGAACGGAACTGCAGAGCCCCCTGCAACATCC
AGATGGAAGATCCTACCTTCAAAGAGAACTACCGGTTCCACGCCATCAA
CGGCTACATCATGGACACCCTGCCTGGCCTGGTGATGGCCCAGGACCAG
AGAATCCGGTGGTATCTGCTGTCCATGGGCAGCAACGAGAATATCCACA
GCATCCACTTCAGCGGCCACGTGTTCACCCTGCGGAAGAAAGAAGAGTA
CAAGATGGCCCTGTACAACCTGTACCCCGGCGTGTTCGAGACAGTGGAG
ATGCTGCCCAGCAAGGCCGGCATCTGGCGGGTGGAGTGTCTGATCGGE
GAGCACCTGCACGCTGGCATGAGCACCCTGTTTCTGGTGTACAGCAACA
AGTGCCAGACCCCACTGGGCATGGCCTCTGGCCACATCCGGGACTTCCA
GATCACCGCCTCCGGCCAGTACGGCCAGTGGGCCCCCAAGCTGGCCAGA
CTGCACTACAGCGGCAGCATCAACGCCTGGTCCACCAAAGAGCCCTTCA
GCTGGATCAAGGTGGACCTGCTGGCCCCTATGATCATCCACGGCATTAA
GACCCAGGGCGCCAGGCAGAAGTTCAGCAGCCTGTACATCAGCCAGTTC
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ATCATCATGCTACAGCCTGGACGGCAAGAAGTCGCAGACCTACCGGGGCA
ACAGCACCGGCACCCTGATGGTGTTCTTCGGCAATGTGGACAGCAGCGG
CATCAAGCACAACATCTTCAACCCCCCCATCATTGCCCGGTACATCCGGC
TGCACCCCACCCACTACAGCATTAGATCCACACTGAGAATGGAACTGAT
GGGCTGCGACCTGAACTCCTGCAGCATGCCTCTGGGCATGGAAAGCAAG
GCCATCAGCGACGCCCAGATCACAGCCAGCAGCTACTTCACCAACATGT
TCGCCACCTGGTCCCCCTCCAAGGCCAGGCTGCACCTGCAGGGCCGGTC
CAACGCCTGGCGGCCTCAGGTCAACAACCCCAAAGAATGGCTGCAGGTG
GACTTTCAGAAAACCATGAAGGTGACCGGCGTGACCACCCAGGGCGTGA
AAAGCCTGCTGACCAGCATGTACGTGAAAGAGTTTCTGATCAGCAGCTC
TCAGGATGGCCACCAGTGGACCCTGTTCTTTCAGAACGGCAAGGTGAAA
GTGTTCCAGGGCAACCAGGACTCCTTCACCCCCGTGGTGAACTCCCTGG
ACCCCCCCCTGCTCACCCGCTACCTGAGAATCCACCCCCAGTCTTGGGT
GCACCAGATCGCCCTCAGGATGGAAGTCCTGGGATGTGAGGCCCAGGAT
CTGTACTGATGAGCGATCTAGGCTCCACATGCTITATTTIGTGAAATTTGTGATG
CTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACA
ATTGCATTCATTTTATGTITCAGGITCAGGGCGGAGCGGCTGTGGGAGGTTTTTTAAA
CTCGAGATCCACGGCCGCAGGAACCCCTAGTGATGGAGITGGCCACTCCCICTC
TGCGCGCTCGCTCGCTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCG
GGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCAGCTGCCTGCAGGG
GCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCA
TACGTCAAAGCAACCATAGTACGCGCCCTGTAGCGGCGCATTAAGCGCGGCG
GGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGC
CCGCTCCTTTCGCTTTCTTCCCTTCCTTITCTCGCCACGTTCGCCGGCTTTCCCC
GTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGG
CACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCAT
CGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAAT
AGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGGCTATTC
TTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGC
TGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATT
TTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGCC
CCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCG
GCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGA
GGTTTTCACCGTCATCACCGAAACGCGCGAGACGAAAGGGCCTCGTGATACG
CCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTG
GCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATA
CATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATA
ATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTC
CCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGA
AAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACT
GGATCTCAACAGCOGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTC
CAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATT
GACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACT
TGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGT
AAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAAC
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TTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACA
ACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGA
AGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAAC
AACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAAC
AATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTC
GGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTG
GGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTAT
CGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGA
CAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACC
AAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAA
GGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGT
GAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTT
CTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCA
CCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCC
GAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTG
TAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCT
CGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTC
TTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGG
CTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACC
GAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAG
GGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGC
GCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGG
GTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGC
GGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTT
TGCTGGCCTTTTGCTCACATGT
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Fig. 6
D

SEQID NO: 7
ATGCAGATCGAGCTGTCCACCTGCTTTTTTCTGTGCCTGCTGCGGTTCTGCTTCAG
CGCCACCCGGCGGTACTACCTGGGCGCCGTGGAGCTGTCCTGGGACTACATGCA
GAGCGACCTGGGCGAGCTGCCCGTGGACGCCCGGTTCCCCCCCAGAGTGCCCAA
GAGCTTCCCCTTCAACACCAGCGTGGTGTACAAGAAAACCCTGTTCGTGGAGTTCA
CCGACCACCTGTTCAATATCGCCAAGCCCAGGCCCCCCTGGATGGGCCTGCTGGG
CCCCACCATCCAGGCCGAGGTGTACGACACCGTGGTGATCACCCTGAAGAACATG
GCCAGCCACCCCGTGAGCCTGCACGCCGTGGGCGTCGAGCTACTGGAAGGCCAGC
GAGGGCGCCGAGTACGACGACCAGACCAGCCAGCGGGAGAAAGAAGATGACAAG
GTGTTCCCTGGCGGCAGCCACACCTACGTGTGGCAGGTGCTGAAAGAAAACGGCC
CCATGGCCTCCGACCCCCTGTGCCTGACCTACAGCTACCTGAGCCACGTGGACCT
GGTGAAGGACCTGAACAGCGGCCTGATCGGCGCTCTGCTCGTCTGCCGGGAGGG
CAGCCTGGCCAAAGAGAAAACCCAGACCCTGCACAAGTTCATCCTGCTGTTCGCC
GTGTTCGACGAGGGCAAGAGCTGGCACAGCGAGACAAAGAACAGCCTGATGCAGG
ACCGGGACGCCGCCTCTGCCAGAGCCTGGCCCAAGATGCACACCGTGAACGGCT
ACGTGAACAGAAGCCTGCCCGGCCTGATTGGCTGCCACCGGAAGAGCGTGTACTG
GCACGTGATCGGCATGGGCACCACACCCGAGGTGCACAGCATCTTTCTGGAAGGG
CACACCTTTCTGGTCCGGAACCACCGGCAGGCCAGCCTGGAAATCAGCCCTATCA
CCTTCCTGACCGCCCAGACACTGCTGATGGACCTGGGCCAGTTCCTGCTGTTTTGC
CACATCAGCTCTCACCAGCACGACGGCATGGAAGCCTACGTGAAGGTGGACTCTT
GCCCCGAGGAACCCCAGCTGCGGATGAAGAACAACGAGGAAGCCGAGGACTACG
ACGACGACCTGACCGACAGCGAGATGGACGTGGTGCGGTTCGACGACGACAACA
GCCCCAGCTTCATCCAGATCAGAAGCGTGGCCAAGAAGCACCCCAAGACCTGGGT
GCACTATATCGCCGCCGAGGAAGAGGACTGGGACTACGCCCCCCTGGTGCTGGC
CCCCGACGACAGAAGCTACAAGAGCCAGTACCTGAACAATGGCCCCCAGCGGATC
GGCCGGAAGTACAAGAAAGTGCGGTTCATGGCCTACACCGACGAGACATTCAAGA
CCCGGGAGGCCATCCAGCACGAGAGCGGCATCCTGGGCCCCCTGCTGTACGGCG
AAGTGGGCGACACACTGCTGATCATCTTCAAGAACCAGGCTAGCCGGCCCTACAA
CATCTACCCCCACGGCATCACCGACGTGCGGCCCCTGTACAGCAGGCGGCTGCCC
AAGGGCGTGAAGCACCTGAAGGACTTCCCCATCCTGCCCGGCGAGATCTTCAAGT
ACAAGTGGACCGTGACCGTGGAGGACGGCCCCACCAAGAGCGACCCCAGATGCC
TGACCCGGTACTACAGCAGCTTCGTGAACATGGAACGGGACCTGGCCTCCGGGCT
GATCGGACCTCTGCTGATCTGCTACAAAGAAAGCGTGGACCAGCGGGGCAACCAG
ATCATGAGCGACAAGCGGAACGTGATCCTGTTCAGCGTGTTCGATGAGAACCGGT
CCTGGTATCTGACCGAGAACATCCAGCGGTTTCTGCCCAACCCTGCCGGCGTGCA
GCTGGAAGATCCCGAGTTCCAGGCCAGCAACATCATGCACTCCATCAATGGCTACG
TGTTCGACTCTCTGCAGCTCTCCGTGTGTCTGCACGAGGTGGCCTACTGGTACATC
CTGAGCATCGGCGCCCAGACCGACTTCCTGAGCGTGTTCTTCAGCGGCTACACCT
TCAAGCACAAGATGGTGTACGAGGACACCCTGACCCTGTTCCCTTTCAGCGGCGA
GACAGTGTTCATGAGCATGGAAAACCCCGGCCTGTGGATTCTGGGCTGCCACAAC
AGCGACTTCCGGAACCGGGGCATGACCGCCCTGCTGAAGGTGTCCAGCTGCGACA
AGAACACCGGCGACTACTACGAGGACAGCTACGAGGATATCAGCGCCTACCTGCT
GTCCAAGAACAACGCCATCGAACCCCGGAGCTTCAGCCAGAACCCCCCCGTGCTG
ACGCGTCACCAGCGGGAGATCACCCGGACAACCCTGCAGTCCGACCAGGAAGAG
ATCGATTACGACGACACCATCAGCGTGGAGATGAAGAAAGAGGATTTCGATATCTA
CGACGAGGACGAGAACCAGAGCCCCAGAAGCTTCCAGAAGAAAACCCGGCACTAC
TTCATTGCCGCCGTGGAGAGGCTGTGGGACTACGGCATGAGTTCTAGCCCCCACG
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TGCTGCGGAACCGGGCCCAGAGCGGCAGCGTGCCCCAGTTCAAGAAAGTGGTGTT
CCAGGAATTCACAGACGGCAGCTTCACCCAGCCTCTGTATAGAGGCGAGCTGAAC
GAGCACCTGGGGCTGCTGGGGCCCTACATCAGGGCCGAAGTGGAGGACAACATC
ATGGTGACCTTCCGGAATCAGGCCAGCAGACCCTACTCCTTCTACAGCAGCCTGAT
CAGCTACGAAGAGGACCAGCGGCAGGGCGCCGAACCCCGGAAGAACTTCGTGAA
GCCCAACGAAACCAAGACCTACTTCTGGAAAGTGCAGCACCACATGGCCCCCACC
AAGGACGAGTTCGACTGCAAGGCCTGGGCCTACTTCAGCGACGTGGATCTGGAAA
AGGACGTGCACTCTGGACTGATTGGCCCACTCCTGGTCTGCCACACTAACACCCTC
AACCCCGCCCACGGCCGCCAGGTGACCGTGCAGGAATTCGCCCTGTTCTTCACCA
TCTTCGACGAGACAAAGTCCTGGTACTTCACCGAGAATATGGAACGGAACTGCAGA
GCCCCCTGCAACATCCAGATGGAAGATCCTACCTTCAAAGAGAACTACCGGTTCCA
CGCCATCAACGGCTACATCATGGACACCCTGCCTGGCCTGGTGATGGCCCAGGAC
CAGAGAATCCGGTGGTATCTGCTGTCCATGGGCAGCAACGAGAATATCCACAGCAT
CCACTTCAGCGGCCACGTGTTCACCGTGCGGAAGAAAGAAGAGTACAAGATGGCC
CTGTACAACCTGTACCCCGGCGTGTTCGAGACAGTGGAGATGCTGCCCAGCAAGG
CCGGCATCTGGCGGGTGGCAGTGTCTGATCGGCGAGCACCTGCACGCTGGCATGA
GCACCCTGTTTCTGGTGTACAGCAACAAGTGCCAGACCCCACTGGGCATGGCCTC
TGGCCACATCCGGGACTTCCAGATCACCGCCTCCGGCCAGTACGGCCAGTGGGCC
CCCAAGCTGGCCAGACTGCACTACAGCGGCAGCATCAACGCCTGGTCCACCAAAG
AGCCCTTCAGCTGGATCAAGGTGGACCTGCTGGCCCCTATGATCATCCACGGCATT
AAGACCCAGGGCGCCAGGCAGAAGTTCAGCAGCCTGTACATCAGCCAGTTCATCA
TCATGTACAGCCTGGACGGCAAGAAGTGGCAGACCTACCGGGGCAACAGCACCGG
CACCCTGATGGTGTTCTTCGGCAATGTGGACAGCAGCGGCATCAAGCACAACATCT
TCAACCCCCCCATCATTGCCCGGTACATCCGGCTGCACCCCACCCACTACAGCATT
AGATCCACACTGAGAATGGAACTGATGGGCTGCGACCTGAACTCCTGCAGCATGC
CTCTGGGCATGGAAAGCAAGGCCATCAGCGACGCCCAGATCACAGCCAGCAGCTA
CTTCACCAACATGTTCGCCACCTGGTCCCCCTCCAAGGCCAGGCTGCACCTGCAG
GGCCGGTCCAACGCCTGGCGGCCTCAGGTCAACAACCCCAAAGAATGGCTGCAG
GTGGACTTTCAGAAAACCATGAAGGTGACCGGCGTGACCACCCAGGGCGTGAAAA
GCCTGCTGACCAGCATGTACGTGAAAGAGTTTCTGATCAGCAGCTCTCAGGATGGC
CACCAGTGGACCCTGTTCTTTCAGAACGGCAAGGTGAAAGTGTTCCAGGGCAACCA
GGACTCCTTCACCCCCGTGGTGAACTCCCTGGACCCCCCCCTGCTGACCCGCTAC
CTGAGAATCCACCCCCAGTCTTGGGTGCACCAGATCGCCCTCAGGATGGAAGTCC
TGGGATGTGAGGCCCAGGATCTGTACTGATGA
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Fig. 6
E
SEQID NO: 8

GGGGGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTATCGGAGGAGCAA
ACAGGGGCTAAGTCCAC

F
SEQ ID NO: 9

GTCTGTCTGCACATTTCGTAGAGCGAGTGTTCCGATACTCTAATCTCCCTAGGCAA
GGTTCATATTTGTGTAGGTTACTTATTCTCCTTTTGTTGACTAAGTCAATAATCAGAA
TCAGCAGGTTTGGAGTCAGCTTGGCAGGGATCAGCAGCCTGGGTTGGAAGGAGGG
GGTATAAAAGCCCCTTCACCAGGAGAAGCCGTC

G
SEQ ID'NO: 10

AAGAGGTAAGGGTTTAAGGGATGGTTGGTTGGTGGGGNATTAATGTTTAATTACCT
GGAGCACCTGCCTGAAATCACTTTTTTTCAGGTTGG

H

SEQ ID NO: 11
ATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGC
AATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAG
GTGTGGGAGGTTTTTTAAA
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Fig. 7
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Fig. 8

f;‘:i@ﬁ{_,,pmh{:i 208,283

CAG enhancer 284,570
|| cmv pan2sTLE

1 cwmy_pars 788,880

kozne 1RILTENR

pc{)NAS__nwuseCQ_“hyPiggyﬁ_achranspnsase,;MT

7853 bp
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Fig. 8

SEQ ID NO: 12

GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCTCTGATGCCG
CATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCA
AAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTT
AGGCAGTTTTGCGCTGCTTCGCGCGTGGAGCTAGTTATTAATAGTAATCAATTACGGGGTCATT
AGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTG
ACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGTCAAT
AGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTG
GCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTC
ATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGAC
TCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTITGGCACCAAAAT
CAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGT
GTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACG
CCATCCACGCTGTITTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGCGGATTCGA
ATCCCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACGTAAGTACC
GCCTATAGAGTCTATAGGCCCACAAAAAATGCTTTCTTCTTTTAATATACTTTITTTGTTTATCTT
ATTTCTAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCTT
TGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCAATATTTCTGCAT
ATAAATATTTCTGCATATAAATTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTA
CAATCCAGCTACCATTCTGCTTTTATTTITATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAA
GCTAGGCCCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGT
GCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTGGGATTCGAACATCGATGCCGCCA
CCatgggeageageetggacgacgageacatcctgagegecctgotgeagagegacgacgagetggteggegaggacagegacagegaggtgage
gaccacgtgagcgaggacgacgtgcagtccgacaccgaggaggccticatcgacgaggtgcacgaggtgcagectaccageageggetccgagatcee
tggacgagcagaacgtgatcgagceageceggcagetecctggecageaacaggatectgacectgeeccagaggaccatcaggggcaagaacaagea
clgelgglecacclecaageccaccaggeggageaggglglecgecelgaacaleglgagaagecagaggggccceaccaggalglgcaggaacalct
acgacccectgetgtgettcaagetgticttcaccgacgagatcatcagegagatcgtgaagtggaccaacgecgagatcagectgaagaggcgggaga
gcatgaccagcgcecaccticagggacaccaacgaggacgagatctacgecticticggcatectggtgatgaccgecglgaggaaggacaaccacatga
gcaccgacgacctgticgacagatccctgageatggtgtacgtgageglgatgageagggacagaticgacticetgatcagatgectgaggatggacga
caagagcatcaggeccaccetgegggagaacgacgtgticacceccgtgagaaagatctgggacetgtteatecaceagtgeatcecagaactacaccect
ggcgceceacetgaccatcgacgageagetgetgggcticaggggcaggtoceccticagggtgtatatccccaacaageccagcaagtacggeatcaag
atcctgatgatgtgcgacageggcaccaagtacatgatcaacggeatgecctacctgggeaggggcacceagaccaacggeglgeccetgggcgagta
ctacgtgaaggagctgteccaageccgteccacggcagetgcagaaacatcacetgegacaactggticaccageatcececctggecaagaacctgetgea
ggagecctacaagetgaccategtgggacacegtgagaageaacaagagagagateccegaggtectgaagaacageaggtceaggeccgtgggeace
agcatgttctgcttcgacggecccctgacectggtgtectacaageccaageccgecaagatggtgtacctgetgtccagetgegacgaggacgecageat
caacgagagcaccggcaagecccagatggtgatgtactacaaccagaccaagggcgecgtggacaccctggaccagatgtgcagegtgatgacetgea
geagaaagaccaacaggtggeccatggeectgetgtacggeatgatcaacatcgeetgeatcaacagettcatcatctacagecacaacgtgageageaa
gogcegagaaggtgcagagecggaaaaagiicatgeggaacctglacatgggectgacctecagettcatgaggaagaggctggaggeccecaccctga
agagatacctgagggacaacatcagcaacatcctgeccaaggaggtgcceggcaccagegacgacageaccgaggageccgtgatgaagaagagga
cctactgeacctactgtcccageaagatcagaagaaaggccagegccagetgeaagaagigtaagaaggteatctgccgggageacaacatcgacatgt
gecagagetgtttctgaCTCGAGCATGCATCTAGAGGGCCCTATTCTATAGTGTCACCTAAATGCTAGAG
CTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGT
GCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGC
ATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGG
GGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAG
GCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAG
CGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGC
TCCTTTCGCTTICTTCCCTTCCTTICTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATC
GGGGCATCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATT
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AGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGG
AGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGT
CTATTCTTTTGATTITATAAGGGATTTTGGGGATTTCGGCCTATTGGTTAAAAAATGAGCTGATT
TAACAAAAATTTAACGCGAATTAATTCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCC
CAGGCTCCCCAGGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTG
TGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAG
CAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTC
TCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAG
CTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTCCCGGGA
GCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAA
CAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATICGGCTATGACTGG
GCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCG
GTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGG
CTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCG
GGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCT
CCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCT
ACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGC
CGOGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTT
CGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCT
GCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGG
GTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCG
GCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCG
CCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCA
AGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGG
CTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGA
GTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATC
ACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCA
ATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATA
GCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCAT
AAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACT
GCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGG
GAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTC
GTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCA
GGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAA
AGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGAC
GCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGA
AGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCC
CTTCGGGAAGCGTGGCUGCTTTCTCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGT
TCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCUGTTCAGCCCGACCGETGCGCCTTATCCGG
TAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGG
TAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTA
ACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCG
GAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTG
TTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTA
CGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAA
AAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATAT
ATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCT
GTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGG
GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATT
TATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCC
GCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGT
TTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTT
CATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAG
COGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTIGGCCGCAGTGTTATCACTCAT
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GGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACT
GGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCG
GCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAA
ACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACC
CACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTITCACCAGCGTTTCTGGGTGAGCAAAA
ACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCA
TACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACAT
ATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCC
ACCTGACGTC
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Fig.8

SEQ ID'NO: 13

CTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTT
TTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGG
GTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAA
AGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTT
TTTGGGOGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAG
CTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTT
AATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCG
ATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATT
AAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAGCGCG
CTTAACCCTAGAAAGATAATCATATTGTGACGTACGTTAAAGATAATCATGCGTAAAATTGAC
GCATGTGTTTTATCGGTCTGTATATCGAGGTTTATTTATTAATTTGAATAGATATTAAGTTTTAT
TATATTTACACTTACATACTAATAATAAATTCAACAAACAATTTATTTATGTTTATTTATTTATT
AAAAAAAAACAAAAACTCAAAATTTCTICTATAAAGTAACAAAACTTTTATCGATAACTTCGT
ATAATGTATGCTATACGAAGTTATagaggggcggaagggacgtiaggaggoagocagggaggcagggaggcagggaggaac
28agggagGCGGCCGCGGTACCGGCGCGCCGGGGGAGGCTGCTGGTGAATATTAACCAAGGTCA
CCCCAGTTATCGGAGGAGCAAACAGGGGCTAAGTCCACACGCGTGGTACCGTCTGTCTGCAC
ATTTCGTAGAGCGAGTGTTCCGATACTCTAATCTCCCTAGGCAAGGTTCATATTTGTGTAGGTT
ACTTATTCTCCTTTTGTTGACTAAGTCAATAATCAGAATCAGCAGGTTTGGAGTCAGCTTGGCA
GOGGATCAGCAGCCTGGGTTGGAAGGAGGGGGTATAAAAGCCCCTTCACCAGGAGAAGCCUTC
ACACAGATCCACAAGCTCCTGAAGAGGTAAGGGTTTAAGGGATGGTTGGTTGGTGGGGNATT
AATGTTTAATTACCTGGAGCACCTGCCTGAAATCACTTTTTTTCAGGTTGGCTAGTATGCAGAT
CGAGCTGTCCACCTGCTTTTTTCTGTGCCTGCTGCGGTTCTGCTTCAGCGCCACCCGGCGGTAC
TACCTGGGCGCCGTGGAGCTGTCCTGGGACTACATGCAGAGCGACCTGGGCGAGCTGCCCGT
GGACGCCCGGTTCCCCCCCAGAGTGCCCAAGAGCTTCCCCTTCAACACCAGCGTGGTGTACAA
GAAAACCCTGTTCGTGGAGTTCACCGACCACCTGTTCAATATCGCCAAGCCCAGGCCCCCCTG
GATGGGCCTGCTGGGCCCCACCATCCAGGCCGAGUGTGTACGACACCGTGGTGATCACCCTGA
AGAACATGGCCAGCCACCCCGTGAGCCTGCACGCCGTGGGCGTGAGCTACTGGAAGGCCAGC
GAGGGCGCCGAGTACGACGACCAGACCAGCCAGCGGGAGAAAGAAGATGACAAGGTGTTCC
CTGGCGGCAGCCACACCTACGTGTGGCAGGTGCTGAAAGAAAACGGCCCCATGGCCTCCGAC
CCCCTGTGCCTGACCTACAGCTACCTGAGCCACGTGGACCTGGTGAAGGACCTGAACAGCGGC
CTGATCGGCGCTCTGCTCGTCTGCCGGGAGGGCAGCCTGGCCAAAGAGAAAACCCAGACCCT
GCACAAGTTCATCCTGCTGTTCGCCGTGTTCGACGAGGGCAAGAGCTGGCACAGCGAGACAA
AGAACAGCCTGATGCAGGACCGGGACGCCGCCTCTGCCAGAGCCTGGCCCAAGATGCACACC
GTGAACGGCTACGTGAACAGAAGCCTGCCCGGCCTGATTGGCTGCCACCGGAAGAGCGTGTA
CTGGCACGTGATCGGCATGGGCACCACACCCGAGGTGCACAGCATCTTTCTGGAAGGGCACA
CCTTTCTGGTCCGGAACCACCGGCAGGCCAGCCTGGAAATCAGCCCTATCACCTTCCTGACCG
CCCAGACACTGCTGATGGACCTGGGCCAGTTCCTGCTGTTTTGCCACATCAGCTCTCACCAGC
ACGACGGCATGGAAGCCTACGTGAAGGTGGACTCTTGCCCCGAGGAACCCCAGCTGCGGATG
AAGAACAACGAGGAAGCCGAGGACTACGACGACGACCTGACCGACAGCGAGATGGACGTGG
TGCGGTTCGACGACGACAACAGCCCCAGCTTCATCCAGATCAGAAGCGTGGCCAAGAAGCAC
CCCAAGACCTGGGTGCACTATATCGCCGCCGAGGAAGAGGACTGGGACTACGCCCCCCTGGT
GCTGGCCCCCGACGACAGAAGCTACAAGAGCCAGTACCTGAACAATGGCCCCCAGCGGATCG
GCCGGAAGTACAAGAAAGTGCGGTTCATGGCCTACACCGACGAGACATTCAAGACCCGGGAG
GCCATCCAGCACGAGAGCGGCATCCTGGGCCCCCTGCTGTACGGCGAAGTGGGCGACACACT
GCTGATCATCTTCAAGAACCAGGCTAGCCGGCCCTACAACATCTACCCCCACGGCATCACCGA
CGTGCCGGCCCCTGTACAGCAGGCGGCTGCCCAAGGGCGTCGAAGCACCTGAAGGACTTCCCCA
TCCTGCCCGGCGAGATCTTCAAGTACAAGTGGACCGTGACCGTGGAGGACGGCCCCACCAAG
AGCGACCCCAGATGCCTGACCCGGTACTACAGCAGCTTCGTGAACATGGAACGGGACCTGGC
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CTCCGGGCTGATCGGACCTCTGCTGATCTGCTACAAAGAAAGCGTGGACCAGCGGGGCAACC
AGATCATGAGCGACAAGCGGAACGTGATCCTGTTCAGCGTGTTCGATGAGAACCGGTCCTGGT
ATCTGACCGAGAACATCCAGCGGTTTCTGCCCAACCCTGCCGGCGTGCAGCTGGAAGATCCCG
AGTTCCAGGCCAGCAACATCATGCACTCCATCAATGGCTACGTGTTCGACTCTCTGCAGCTCT
CCGTGTGTCTGCACGAGGTGGCCTACTGGTACATCCTGAGCATCGGCGCCCAGACCGACTTCC
TGAGCGTGTTCTTCAGCGGCTACACCTTCAAGCACAAGATGGTGTACGAGGACACCCTGACCC
TGTTCCCTTTCAGCGGCGAGACAGTGTTCATGAGCATGGAAAACCCCGGCCTGTGGATTCTGG
GCTGCCACAACAGCGACTTCCGGAACCGGGGCATGACCGCCCTGCTGAAGGTGTCCAGCTGC
GACAAGAACACCGGCGACTACTACGAGGACAGCTACGAGGATATCAGCGCCTACCTGCTGTC
CAAGAACAACGCCATCGAACCCCGGAGCTTCAGCCAGAACCCCCCCGTGETGACGCGTCACC
AGCGGGAGATCACCCGGACAACCCTGCAGTCCGACCAGGAAGAGATCGATTACGACGACACC
ATCAGCGTGGAGATGAAGAAAGAGGATTTCGATATCTACGACGAGGACGAGAACCAGAGCCC
CAGAAGCTTCCAGAAGAAAACCCGGCACTACTTCATTGCCGCCGTGGAGAGGCTGTGGGACT
ACGGCATGAGTTCTAGCCCCCACGTGCTGCGGAACCGGGCCCAGAGCGGCAGCGTGCCCCAG
TTCAAGAAAGTGGTGTTCCAGGAATTCACAGACGGCAGCTTCACCCAGCCTCTGTATAGAGGC
GAGCTGAACGAGCACCTGGGGCTGCTGGGGCCCTACATCAGGGCCGAAGTGGAGGACAACAT
CATGGTGACCTTCCGGAATCAGGCCAGCAGACCCTACTCCTTCTACAGCAGCCTGATCAGCTA
CGAAGAGGACCAGCGGCAGGGCGCCGAACCCCGGAAGAACTTCGTGAAGCCCAACGAAACC
AAGACCTACTTCTGGAAAGTGCAGCACCACATGGCCCCCACCAAGGACGAGTTCGACTGCAA
GGCCTGGGCCTACTTCAGCGACGTGGATCTGGAAAAGGACGTGCACTCTGGACTGATTGGCCC
ACTCCTGGTCTGCCACACTAACACCCTCAACCCCGCCCACGGCCGCCAGGTGACCGTGCAGGA
ATTCGCCCTGTTCTTCACCATCTTCGACGAGACAAAGTCCTGGTACTTCACCGAGAATATGGA
ACGGAACTGCAGAGCCCCCTGCAACATCCAGATGGAAGATCCTACCTTCAAAGAGAACTACC
GGTTCCACGCCATCAACGGCTACATCATGGACACCCTGCCTGGCCTGGTGATGGCCCAGGACC
AGAGAATCCGGTGGTATCTGCTGTCCATGGGCAGCAACGAGAATATCCACAGCATCCACTTCA
GCGGCCACGTGTTCACCGTGCGGAAGAAAGAAGAGTACAAGATGGCCCTGTACAACCTGTAC
CCCGGCGTGTTCGAGACAGTGGAGATGCTGCCCAGCAAGGCCGGCATCTGGCGGGTGGAGTG
TCTGATCGGCGAGCACCTGCACGCTGGCATGAGCACCCTGTTTCTGGTGTACAGCAACAAGTG
CCAGACCCCACTGGGCATGGCCTCTGGCCACATCCGGGACTTCCAGATCACCGCCTCCGGCCA
GTACGGCCAGTGGGCCCCCAAGCTGGCCAGACTGCACTACAGCGGCAGCATCAACGCCTGGT
CCACCAAAGAGCCCTTCAGCTGGATCAAGGTGGACCTGCTGGCCCCTATGATCATCCACGGCA
TTAAGACCCAGGGCGCCAGGCAGAAGTTCAGCAGCCTGTACATCAGCCAGTTCATCATCATGT
ACAGCCTGGACGGCAAGAAGTGGCAGACCTACCGGGGCAACAGCACCGGCACCCTGATGGTG
TTCTTCGGCAATGTGGACAGCAGCGGCATCAAGCACAACATCTTCAACCCCCCCATCATTGCC
CGGTACATCCGGCTGCACCCCACCCACTACAGCATTAGATCCACACTGAGAATGGAACTGATG
GGCTGCGACCTGAACTCCTGCAGCATGCCTCTGGGCATGGAAAGCAAGGCCATCAGCGACGC
CCAGATCACAGCCAGCAGCTACTTCACCAACATGTTCGCCACCTGGTCCCCCTCCAAGGCCAG
GCTGCACCTGCAGGGCCGGTCCAACGCCTGGCGGCCTCAGGTCAACAACCCCAAAGAATGGC
TGCAGGTGGACTTTCAGAAAACCATGAAGGTGACCGGCGTGACCACCCAGGGCGTGAAAAGC
CTGCTGACCAGCATGTACGTGAAAGAGTTTCTGATCAGCAGCTCTCAGGATGGCCACCAGTGG
ACCCTGTTCTTTCAGAACGGCAAGGTGAAAGTGTTCCAGGGCAACCAGGACTCCTTCACCCCC

GTGCACCAGATCGCCCTCAGGATGGAAGTCCTGGGATGTGAGGCCCAGGATCTGTACTGATG
AGGATCTAGGCTCGACATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCAT
TATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGG
GGAGGTGTGGGAGGTTTTTTAAACTCGAGACCGGTagagggpcggaaggpacgttaggagggaggcagggaggcag
ggaggcagggagoaacggagggag ATAACTTCGTATAATGTATGCTATACGAAGTTATGATATCTATAAC
AAGAAAATATATATATAATAAGTTATCACGTAAGTAGAACACGAAATAACAATATAATTATC
GTATGAGTTAAATCTTAAAAGTCACGTAAAAGATAATCATGCGTCATTTTGACTCACGCGGTT
GTTATAGTTCAAAATCAGTGACACTTACCGCATTGACAAGCACGCCTCACGGGAGCTCCAAGC
GGCGACTGAGATGTCCTAAATGCACAGCGACGGATTCGCGCTATTTAGAAAGAGAGAGCAAT
ATTTCAAGAATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAAGCGCGCTTGGCGT
AATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACG
AGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTG
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CGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCG
GCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGCGGCGCTCTTCCGCTTCCTCGCTCACTGACT
CGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGT
TATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGC
CAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCA
TCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGG
CGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCT
GTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTICTCATAGCTCACGCTGTAGGTATCTCAGT
TCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGC
TGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTG
GCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTT
GAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAA
GCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAG
CGGTGGTTITTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCC
TTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGT
CATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATC
AATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACC
TATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACT
ACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTC
CTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTC
GCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTC
GTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCAT
GTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGC
AGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGA
TGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCG
AGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTG
CTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCC
AGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTT
CTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAA
ATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCA
TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTC
CCCGAAAAGTGCCAC
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Fig. 8

SEQ ID NO:14

CTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTT
TTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGG
GTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAA
AGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTT
TTTGGGAGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAG
CTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTT
AATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCG
ATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATT
AAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAGCGCG
CTTAACCCTAGAAAGATAATCATATTGTGACGTACGTTAAAGATAATCATGCGTAAAATTGAC
GCATGATAACTTCGTATAATGTATGCTATACGAAGTTATGCGGCCGCGGTACCGGCGCGCCGG
GGGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTATCGGAGGAGCAAACAGGGGCT
AAGTCCACACGCGTGGTACCGTCTGTCTGCACATTTCGTAGAGCGAGTGTTCCGATACTCTAA
TCTCCCTAGGCAAGGTTCATATTTGTGTAGGTTACTTATTCTCCTTTTGTTGACTAAGTCAATA
ATCAGAATCAGCAGGTTTGGAGTCAGCTTGGCAGGGATCAGCAGCCTGGGTTGGAAGGAGGG
GOGTATAAAAGCCCCTTCACCAGGAGAAGCCGTCACACAGATCCACAAGCTCCTGAAGAGGTA
AGGGTTTAAGGGATGGTTGGTTGGTGGGGTATTAATGTTTAATTACCTGGAGCACCTGCCTGA
AATCACTTTTTTTCAGGTTGGGCTAGCCCACCATGCAGCGCGTGAACATGATCATGGCCGAGA
GCCCCGGCCTGATCACCATCTGCCTGECTGGGCTACCTGCTGAGCGCCGAGTGCACCGTGTTCC
TGGACCACGAGAACGCCAACAAGATCCTGAACCGCCCCAAGCGCTACAACAGCGGCAAGCTG
GAGGAGTTCGTGCAGGGCAACCTGGAGCGCGAGTGCATGGAGGAGAAGTGCAGCTTCGAGGA
GGCCCGCGAGGTGTTCGAGAACACCGAGCGCACCACCGAGTTCTGGAAGCAGTACGTGGACG
GCGACCAGTGCGAGAGCAACCCCTGCCTGAACGGCGGCAGCTGCAAGGACGACATCAACAGC
TACGAGTGCTGGTGCCCCTTCGGCTTCGAGGGCAAGAACTGCGAGCTGGACGTGACCTGCAAC
ATCAAGAACGGCCGCTGCGAGCAGTTCTGCAAGAACAGCGCCGACAACAAGGTGGTGTGCAG
CTGCACCGAGGGCTACCGCCTGGCCGAGAACCAGAAGAGCTGCGAGCCCGCCGTGCCCTTCC
CCTGCGGCCGCGTGAGCGTGAGCCAGACCAGCAAGCTGACCCGCGCCGAGGCCGTGTTCCCC
GACGTGGACTACGTGAACAGCACCGAGGCCGAGACCATCCTGGACAACATCACCCAGAGCAC
CCAGAGCTTCAACGACTTCACCCGCGTGGTGGGCGGCGAGGACGCCAAGCCCGGCCAGTTCC
CCTGGCAGGTGGTGCTGAACGGCAAGGTGGACGCCTTCTGCGGCGGCAGCATCGTGAACGAG
AAGTGGATCGTGACCGCCGCCCACTGCGTGGAGACCGGCGTGAAGATCACCGTGGTGGCCGG
CGAGCACAACATCGAGGAGACCGAGCACACCGAGCAGAAGCGCAACGTGATCCGCATCATCC
CCCACCACAACTACAACGCCGCCATCAACAAGTACAACCACGACATCGCCCTGCTGGAGETG
GACGAGCCCCTGGTGCTGAACAGCTACGTGACCCCCATCTGCATCGCCGACAAGGAGTACAC
CAACATCTTCCTGAAGTTCGGCAGCGGCTACGTGAGCGGCTGGGGCCGCGTGTTCCACAAGGG
CCGCAGCGCCCTGGTGCTGCAGTACCTGCGCGTGCCCCTGGTGGACCGCGCCACCTGCCTGCG
CAGCACCAAGTTCACCATCTACAACAACATGTTCTGCGCCGGCTTCCACGAGGGCGGCCGCGA
CAGCTGCCAGGGCGACAGCGGCGGCCCCCACGTGACCGAGGTGGAGGGCACCAGCTTCCTGA
CCGGCATCATCAGCTGGGGCGAGGAGTGCGCCATGAAGGGCAAGTACGGCATCTACACCAAG
GTGAGCCGCTACGTGAACTGGATCAAGGAGAAGACCAAGCTGACCTAATGAAAGATGGATTT
CCAAGGTTAATTCATTGGAATTGAAAATTAACAGCCCCCCCCCCCCCCCCCCTGCAGATCTAG
AGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCC
GTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATT
GCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGCTGGGGCAGGACAGCAAG
GGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGACCGGTATAACTTCGTATAATGTAT
GCTATACGAAGTTATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAAGCGCGCTTG
GCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACA
TACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTA
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ATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGA
ATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACT
GACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATA
CGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAA
AGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACG
AGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATAC
CAGGCATTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGAT
ACCTGTCCGCCTTTCTCCCTTCCGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGA
CCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCC
ACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGT
TCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGC
TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTG
GTAGCGGTGGTTITTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAA
GATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATT
TTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTITAAATTAAAAATGAAGTTTT
AAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAG
GCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGA
TAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGT
GGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGT
AGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCT
COGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCC
CATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGC
CGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTA
AGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGA
CCGAGTTGCTCTTGCCCGGCGTCAATACGGUATAATACCGCGCCACATAGCAGAACTTTAAAA
GTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGA
TCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCG
TTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACG
GAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGT
CTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCAC



DK/EP 2911687 T3

Fig. 8

Z1987e65T

CEgTUREE SON
3

dq /605

ENpEd 00X 144 WAWIBSUILL L | TSY|

oN" L os

T,

£eL"9%L SOM | |

|

1697529 (dgse) 4 osonug




DK/EP 2911687 T3

Fig. 8

SEQ ID NO:15

CTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTT
TTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGG
GTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAA
AGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTT
TTTGGGOGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAG
CTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGG
GCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTT
AATGCGCCGCTACAGGGCGCGTCCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCG
ATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATT
AAGTTGGGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGCCAGTGAGCGCG
CTTAACCCTAGAAAGATAATCATATTGTGACGTACGTTAAAGATAATCATGCGTAAAATTGAC
GCATGATAACTTCGTATAATGTATGCTATACGAAGTTATGCGGCCGCGGTACCGGCGCGCCGG
GGGAGGCTGCTGGTGAATATTAACCAAGGTCACCCCAGTTATCGGAGGAGCAAACAGGGGCT
AAGTCCACACGCGTGGTACCGTCTGTCTGCACATTTCGTAGAGCGAGTGTTCCGATACTCTAA
TCTCCCTAGGCAAGGTTCATATTTGTGTAGGTTACTTATTCTCCTTTTGTTGACTAAGTCAATA
ATCAGAATCAGCAGGTTTGGAGTCAGCTTGGCAGGGATCAGCAGCCTGGGTTGGAAGGAGGG
GOGTATAAAAGCCCCTTCACCAGGAGAAGCCGTCACACAGATCCACAAGCTCCTGAAGAGGTA
AGGGTTTAAGGGATGGTTGGTTGGTGGGGTATTAATGTTTAATTACCTGGAGCACCTGCCTGA
AATCACTTTTTTTCAGGTTGGGCTAGCCCACCATGCAGCGCGTGAACATGATCATGGCCGAGA
GCCCCGGCCTGATCACCATCTGCCTGECTGGGCTACCTGCTGAGCGLCCGAGTGCACCGTGTTCC
TGGACCACGAGAACGCCAACAAGATCCTGAACCGCCCCAAGCGCTACAACAGCGGCAAGCTG
GAGGAGTTCGTGCAGGGCAACCTGGAGCGCGAGTGCATGGAGGAGAAGTGCAGCTTCGAGGA
GGCCCGCGAGGTGTTCGAGAACACCGAGCGCACCACCGAGTTCTGGAAGCAGTACGTGGACG
GCGACCAGTGCGAGAGCAACCCCTGCCTGAACGGCGGCAGCTGCAAGGACGACATCAACAGC
TACGAGTGCTGGTGCCCCTTCGGCTTCGAGGGCAAGAACTGCGAGCTGGACGTGACCTGCAAC
ATCAAGAACGGCCGCTGCGAGCAGTTCTGCAAGAACAGCGCCGACAACAAGGTGGTGTGCAG
CTGCACCGAGGGCTACCGCCTGGCCGAGAACCAGAAGAGCTGCGAGCCCGCCGTGCCCTTCC
CCTGCGGCCGCGTGAGCGTGAGCCAGACCAGCAAGCTGACCCGCGCCGAGGCCGTGTTCCCC
GACGTGGACTACGTGAACAGCACCGAGGCCGAGACCATCCTGGACAACATCACCCAGAGCAC
CCAGAGCTTCAACGACTTCACCCGCGTGUTGGGCGGCHGAGGACGCCAAGCCCGGCCAGTTCC
CCTGGCAGGTGGTGCTGAACGGCAAGGTGGACGCCTTCTGCGGCGGCAGCATCGTGAACGAG
AAGTGGATCGTGACCGCCGCCCACTGCGTGGAGACCGGCGTGAAGATCACCGTGGTGGCCGG
CGAGCACAACATCGAGGAGACCGAGCACACCGAGCAGAAGCGCAACGTGATCCGCATCATCC
CCCACCACAACTACAACGCCGCCATCAACAAGTACAACCACGACATCGCCCTGCTGGAGETG
GACGAGCCCCTGGTGCTGAACAGCTACGTGACCCCCATCTGCATCGCCGACAAGGAGTACAC
CAACATCTTCCTGAAGTTCGGCAGCGGCTACGTGAGCGGCTGGGGCCGCGTGTTCCACAAGGG
CCGCAGCGCCCTGGTGCTGCAGTACCTGCGCGTGCCCCTGGTGGACCGCGCCACCTGCCTGCT
GAGCACCAAGTTCACCATCTACAACAACATGTTCTGCGCCGGCTTCCACGAGGGCGGCCGCGA
CAGCTGCCAGGGCGACAGCGGCGGCCCCCACGTGACCGAGGTGGAGGGCACCAGCTTCCTGA
CCGGCATCATCAGCTGGGGCGAGGAGTGCGCCATGAAGGGCAAGTACGGCATCTACACCAAG
GTGAGCCGCTACGTGAACTGGATCAAGGAGAAGACCAAGCTGACCTAATGAAAGATGGATTT
CCAAGGTTAATTCATTGGAATTGAAAATTAACAGCCCCCCCCCCCCCCCCCCTGCAGATCTAG
AGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCC
GTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATT
GCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGCTGGGGCAGGACAGCAAG
GGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGACCGGTATAACTTCGTATAATGTAT
GCTATACGAAGTTATGCATGCGTCAATTTTACGCAGACTATCTTTCTAGGGTTAAGCGCGCTTG
GCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACA
TACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTA
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ATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGA
ATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACT
GACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATA
CGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAA
AGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACG
AGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATAC
CAGGCATTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGAT
ACCTGTCCGCCTTTCTCCCTTCCGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCT
CAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGA
CCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCC
ACTGGCAGCAGCCACTGUGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGT
TCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGC
TGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTG
GTAGCGGTGGTTITTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAA
GATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATT
TTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTITAAATTAAAAATGAAGTTTT
AAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAG
GCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGA
TAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCAC
GCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGT
GGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGT
AGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCT
CGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCC
CATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGC
CGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTA
AGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGA
CCGAGTTGCTCTTGCCCGGCGTCAATACGGUATAATACCGCGCCACATAGCAGAACTTTAAAA
GTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGA
TCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCG
TTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACG
GAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGT
CTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACA
TTTCCCCGAAAAGTGCCAC
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SEQ ID'NO: 17

GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCTCTGATGCCG
CATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCA
AAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTT
AGGCGTTTTGCGCTGCTTCGCGCGTGGAGCTAGTTATTAATAGTAATCAATTACGGGGTCATT
AGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTG
ACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGTCAAT
AGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACA
TCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTG
GCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTC
ATCGCTATTACCATGGTGATGCGUGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGAC
TCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTITTIGGCACCAAAAT
CAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGT
GTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCGCCTGGAGACG
CCATCCACGCTGTTTTGACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGCGGATTCGA
ATCCCGGCCGGGAACGGTGCATTGGAACGCGGATTCCCCGTGCCAAGAGTGACGTAAGTACC
GCCTATAGAGTCTATAGGCCCACAAAAAATGCTTTCTTCTTTTAATATACTTTTTTGTTTATCTT
ATTTCTAATACTTTCCCTAATCTCTTTCTTTCAGGGCAATAATGATACAATGTATCATGCCTCTT
TGCACCATTCTAAAGAATAACAGTGATAATTTCTGGGTTAAGGCAATAGCAATATTTCTGCAT
ATAAATATTTCTGCATATAAATTGTAACTGATGTAAGAGGTTTCATATTGCTAATAGCAGCTA
CAATCCAGCTACCATTCTGCTTTTATTTTATGGTTGGGATAAGGCTGGATTATTCTGAGTCCAA
GCTAGGCCCTTTTGCTAATCATGTTCATACCTCTTATCTTCCTCCCACAGCTCCTGGGCAACGT
GCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTGGGATTCGAACATCGATGCCGCCA
CCATGGGAAAATCAAAAGAAATCAGCCAAGACCTCAGAAAAAGAATTGTAGACCTCCACAAG
TCTGGTTCATCCTTGGGAGCAATTTCCCGACGCCTGGCGGTACCACGTTCATCTGTACAAACA
ATAGTACGCAAGTATAAACACCATGGGACCACGCAGCCGTCATACCGCTCAGGAAGGAGACG
CGTTCTGTCTCCTAGAGATGAACGTACTTTGGTGCGAAAAGTGCAAATCAATCCCAGAACAAC
AGCAAAGGACCTTGTGAAGATGCTGGAGGAAACAGGTACAAAAGTATCTATATCCACAGTAA
AACGAGTCCTATATCGACATAACCTGAAAGGCCACTCAGCAAGGAAGAAGCCACTGCTCCAA
AACCGACATAAGAAAGCCAGACTACGGTTTGCAACTGCACATGGGGACAAAGATCTAACTTT
TTGGAGAAATGTCCTCTGGTCTGATGAAACAAAAATAGAACTGTTTGGCCATAATGACCATCG
TTATGTTTGGAGGAAGAAGGGGGAGGCTTGCAAGCCGAAGAACACCATCCCAACCGTGAAGC
ACGGGGETGGCAGCATCATGTTGTGGGGGTGCTTTGCTGCAGGAGGGACTGGTAAACTTGTCC
GAATAGAAGGCATCATGGACGCGGTGCAGTATGTGGATATATTIGAAGCAACATCTCAAGACA
TCAGTCAGGAAGTTAAAGCTTGGTCGCAAATGGGTCTTCCAACACGACAATGACCCCAAGCAT
ACTTCCAAAGTTGTGGCAAAATGGCTTAAGGACAACAAAGTCAAGGTATTGGACTGGCCATC
ACAAAGCCCTGACCTCAATCCTATAGAAAATTTGTGGGCAGAACTGAAAAAGCGTGTGCGAG
CAAGGAGGCCTACAAACCTGACTCAGTTACACCAGCTCTGTCAGGAGGAATGGGCCAAAATT
CACCCAAATTATTGTGGGAAGCTTGTGGAAGGCTACCCGAAACGTTTGACCCAAGTTAAACAA
TTTAAAGGCAATGCTACCAAATACTAGCTCGAGCATGCATCTAGAGGGCCCTATTCTATAGTG
TCACCTAAATGCTAGAGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTT
GTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAAT
AAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTICTATTCTGGGGGGTGGGGTGG
GGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGT GG
CTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTG
TAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCA
GCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCC
CGTCAAGCTCTAAATCGGGGCATCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACC
CCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTITC
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GCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACT
CAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGGGGATTTCGGCCTATTGGTTA
AAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTAATTCTGTGGAATGTGTGTCAGTTAG
GGTGTGGAAAGTCCCCAGGCTCCCCAGGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTA
GTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGC
ATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGLC
CAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTITTATTITATGCAGAGGCCGAGGCC
GCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGC
AAAAAGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATCG
TTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCHGCTTGGGTGGAGAGGCTA
TTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCA
GCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAG
GACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTECTTGCGCAGCTGTGCTCGAC
GTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGUGGCAGGATCTCCT
GTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCA
TACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACG
TACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCG
CGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTG
ACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATC
GACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATT
GCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCC
GATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTICTTCTGAGCGGGACTCTGHGHTT
CGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTT
CTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGG
GGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAA
TAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTT
TGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGC
GTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATA
CGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAAT
TGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAAT
CGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGA
CTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACG
GTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAG
GCCAGGAACCGTAAAAAGGCCGCUTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAG
CATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCA
GGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATAC
CTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATGCTCACGCTGTAGGTATCTCA
GTTCGGTGTAGGTCGTTCGCTCCAAGCTGOUGCTGTGTGCACGAACCCCCCGTTCAGCCCGACC
GCTGCGCCTTATCCGOGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCAC
TGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTC
TTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTG
AAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGETGHT
AGCGGTGGTTTTITTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGA
TCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTG
GTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAA
TCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCA
CCTATCTCAGCGATCTGTCTATITCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAA
CTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCT
CACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCCAGCGCAGAAGTGGT
CCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTT
CGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTC
GTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCAT
GTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGC
AGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGA
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TGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCG
AGTTGCTCTTGCCCGGCOGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTG
CTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCC
AGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTT
CTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGOGGCGACACGUAA
ATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATITATCAGGGTTATTGTCTCA
TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTC
CCCGAAAAGTGCCACCTGACGTC



DK/EP 2911687 T3

Fig. 9
100000 - —— - 2000 ’é‘
~— 80000 L 1500 8
£ ‘ 2
D 60000 - D
= : - 1000 2
2> 40000 o X =
L . ©
FiXco-R338L - 50 o
M 20000 4" —" 00
IRpBac,,..,' 50ng  500ng  500ng
hypBase: 100ng 1000ng 1000ng
Fig. 10
A B
800+
=1 = -
£ E 600 b=
fo)] e -
g T
o L T L oo {iStrtege e
= ioiogicalT ™ ... KEVI Loval = '
T |t S
20 40 60 80 100 O 20 40 60 B0 100
Days Days




DK/EP 2911687 T3

Fig. 11
2500, . SBmax.
hypBase
’-5 [] controls
D 15001
£
pod
= 1 9
e 000
£
5004
, O
Transposon dosage: 50ng 100ng

Transposase dos age: 100ng ‘50ng



DK/EP 2911687 T3

Fig. 12
A.
Serp TTRmin exon Intron A
IRoBac [ "
loxP
B
Serp TTRmin — MVM  hFIXco bghpA
iRoBac [ .
loxP
Cc
CMV SGI mpBase bghpA




DK/EP 2911687 T3

Fig. 12

(lewuou %) Ayanoe X4y

=]
&

hFIXIA

200

100

400

Days

(lewuou %) Ayaioe Xi4y

=] = =
L=
S

2 § 8 8 ¢
i _
Mi m.m

'l o

hFiXco

Days



DK/EP 2911687 T3

Fig. 12

©

n.s.

1hFIX gDNA

o ©

hFIX copies/diploid genome
O
o N B O @

Empty hFIXIA hFiXco

* & Kk

o))
-

1hFIX mRNA

S
Q@

N
Q

Relative expression

Empty hFIXIA hFiXco



DK/EP 2911687 T3

B (a) AAVss-TTRm-MVM-
hFVIl

i (b) AAVss-SERP-TTRm-
hEVIT

# () AAVSs-TTR-MVM-
hFVIlicoAB

B (d) AAVss-SERP-TTR-

; g MVM-hFVilicoAB
2ug | 2
Dayl | Day2 | Day6
B.
800 -
700 -
_ B (a) AAVss-TTRm-MYM-
E 600 1 hEvil
£ 500 - |
" @ {b) AAVSs-SERP-TTRm-
2 400 - hFVHI
..E 300 - i {c) AAVSss-TTR-MVM-
‘g hFVillcoAB
@ 200 - ) ,
Bi (d) AAVss-SERP-TTR-
100 - MVYM-hFViHcoAB

0 +-

Day 1 Day 2 Daye



FVill levelsin ng/ml
& w1 Oy
e (e e
S o O

W
[t ‘
)

Fvilllevelsin ng/ml

.13

800 -

700

o
o

=
=
QO

2 pg
Day 1

Day 1

P —

2pg
Day 2

Daye

Day 6

DK/EP 2911687 T3

# (b) AAVSs-SERP-TTRm-
hFVHI

B (c)AAVSss-TTR-MVM-

hFVillcoAB

#(b)+ic)

B (d) AAVss-SERP-TTR-
MVYM-hFVilicoaB

@ (b) AAVss-SERP-TTRm-
hFVIE

B () AAVSs-TTR-MVM-
hFVIlicoAR

# (b) +{c)

@ (d) AAVss-SERP-TTR-
MVM-hFVIlicoAB



DK/EP 2911687 T3

Fig. 14
A.
80
70 B (a) AAVsC-TTRm-MVM-
- hiFX
= 60 ‘ _—
£ B (b) AAVSC-SERP-TTRmM-
% 50 MVM-hFIX
5 i {c) AMAVsc-TTRm-MVM-
— 40 o
> hFIXco
g
£ 30 = (b) + (c)
x 20
. 0 % {d) AAVsC-SERP-TTRm-
' MVM-hFIXco
0
B.
40
3t B [a) AAVSC-TTRM-MVM-
hFiX
3C B {b) AAVsc-SERP-TTRm-
35 MVYM-hEIX
# (c) AAVsC-TTRm-MVM-
hFiXco

[t
L

[

FIX activity levels (in %)
(3%
(2]

% {d) AAVsc-SERP-TTRm-
MVYM-hFIXeo

wn

o



DK/EP 2911687 T3

Fig. 14

350

300 -

200
150

100

FIX activity levels (in %)

300.00

250.00 -

200.00 -

150.00

100.00

FIXactivity levels {(in %)

50.00

Q.00



DK/EP 2911687 T3

Fig. 15
A
IR HSH8 TTRmin MVM hFIXco bghpA Romutte
| NITT
foxP T53CC13ET

bghpA / Rm.r‘cro

hFIXco

CMV pGl hyPBase bghpA

Nvm 130V G165 8509G N570S
S103P Mm282v N538K



Anti-hFIX Ab (ng/ml)

800000,

6000004 !

4000004

200000-

M 2° weekp.i.

“week p.i.

DK/EP 2911687 T3

hFIXIA

hFiXco hFiXco-R338L

PBS



Fig. 15
F
200007 pigh-dose

c 15000

> 1 + hyPBase

£ 10000 }’R‘“

X .

L ¥

< 50004 + mPBase IR

wt
0 ; + empty
0 20 40 60 80 100
Days
G
15007 jow-dose

—
g 10001

(@]

c
N’
x \
L. 500 x
<

0 20 40 60 80 100
Days

DK/EP 2911687 T3



DK/EP 2911687 T3

Fig. 15
H
20000y high-dose
. + hyPBase R
E 150001 ]:
k)
= IR we
~ 10000
x
L
£ 50001
f---F- + empty
0 = ' e —
0 20 40 60 80 100
Days
15007 jow-dose + hyPBase I "
micro
€
5, 1000 % IR e
i3
X
L. 5001
e
+ empty




Fig. 15
J
200009 pigh-dose

= 150001 + hyPBase

g IR et 16
2 IR ]"
= 100004 w

x

L

£ 50004

+empty
0 ,
0 20 40 60 80 100
Days
K
19007 1ow-dose
hyPBase
f_g i/ /Rmmw]
ns.

c

Ry

x

L. 5004

-

20 40 60 80 100

DK/EP 2911687 T3



