(12) STANDARD PATENT

(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(74)

(56)

Title
FGFR-Fc fusion protein and use thereof

International Patent Classification(s)

CO7K 19/00 (2006.01) A61P 35/00 (2006.01)
AG61K 38/17 (2006.01) C12N 5/10 (2006.01)
AG6G1K 47/48 (2006.01) C12N 15/62 (2006.01)
A61K 48/00 (2006.01) C12N 15/63 (2006.01)
Application No: 2012261412 (22) Date of Filing:  2012.05.18

WIPO No: WO12/159550

Priority Data

Number (32) Date (33) Country
201110132218.9 2011.05.20 CN
Publication Date: 2012.11.29

Accepted Journal Date: 2016.02.25

Applicant(s)
Yantai Rongchang Biotechnologies Co., Ltd.

Inventor(s)
Fang, Jianmin;Li, Dong

Agent / Attorney
Griffith Hack, GPO Box 1285, Melbourne, VIC, 3001

Related Art

WO 2008/065543 A2
WO 2012/159548 A1
WO 2007/014123 A2
WO 2000/046380 A2
WO 2011/060333 A1

(11) Application No. AU 2012261412 B2




WO 2012/159550 A1 |00 00 00O 0

(12) LR EF AEFLY R AH R E R K

(19) tHFAHRAA AR >
HR R é

&3 A\ _&)

«3) BRAH A —

2012 11 B 29 H (29.11.2012) WIPO ! PCT

0 OO 00O O
o) BRFEAHES
WO 2012/159550 A1

61y BRERS%E:
CO7K 19/00 (2006.01) AG61K 38/17 (2006.01)
CI2N 15/62 (2006.01) A6IK 47/48 (2006.01)

CI2N 15/63 (2006.01)  AGIK 48/00 (2006.01)
CI2N 5/10 (2006.01) AG1P 35/00 (2006.01)
ey HEEHES: PCT/CN2012/075706
22 ERREEH: 20124F 5 /1 18 A (18.05.2012)
5 HEER: L'
6) ATEF: ii5'a
@0y RS

201110132218.9 2011 2E 5 H 20 [1 (20.05.2011) CN

an BEEA CIBRERAME TR E). HRREEY
THEAMAT (YANTAI RC BIOTECHNOLOGIES,
LTD.) [CN/CNT, HFIE L RE M ETTEFHEARTT KX
ZZE Y8 1 5 9K, Shandong 264006 (CN).

(72 RUIA: B

5 R\ABBEBA WXEE): BRBRE (FANG, Jian-
min) [CA/CNT; T E I RE O HETFHAT KX
ZE K 155K, Shandong 264006 (CN).  ZR#R (LI,

81)

(84)

Dong) [CN/ONJ; BN RB RSB TTETFHAT KX
5 B 1 55K, Shandong 264006 (CN),

Bl (BAEHEH, ERG AR E R
') AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG,
BII, BR, BW, BY, BZ, CA, CII, CL, CN, CO, CR, CU,
CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB, GD,
GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU,
LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ,
NA, NG, NI, NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO,
RS, RU, RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW o

HelE GAERH, R R R AR X L
#): ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ, NA,
RW, SD, SL, SZ, TZ, UG, ZM, ZW), BRIl (AM, AZ,
BY, KG, KZ, RU, TJ, TM), B}l (AL, AT, BE, BG, CH,
CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE,
IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO,
RS, SE, SL SK, SM, TR), OAPI (BF, B, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(54) Title: FGFR-FC FUSION PROTEIN AND USE THEREOF
54 RPIEIR - FGFR-Fe @i E A R A2

AA
S Tg R AR ™  INTRA

GeTSSEGERPT o HAVFRAKTYRRES

8
23
288
0%
B

1 /Fig 1

AA 3 IG-LIKE DOMAINS

(57) Abstract: Provided are a fusion protein com-
prising the intcrmediate functional scquence (IFS)
part of the FGFR Ig-like domain, FGFR second Ig-
like domain (D2), FGFR third Ig-like domain (D3),
and Immunoglobulin Fe¢ rcgion, nuclcic acid mo-
lecule encoding the fusion protein, and the carrier
and host cell comprising the nucleic acid molecule.
Also provided are a preparation method for the fu-
sion protein and the use of carriers or cells com-
prising the fusion protein, the nucleic acid mo-
lecule encoding the fusion protein, or the nucleic
acid molecule in preparing medications [or reating
diseases related to angiogenesis regulation.

67 WE: 14t T —FEEIE H FGFR Ig £
g ATk ET F CIES ) (W H
7% FGFR 3 — Ig FEEEHIIK (D2) U FGFR
W= T FEEE R (D3) R ERE A Fo X
FIBGEA. RBIZEGE BB S T
DLA R B M8 o T I Bk R0 T 24l . ie
Ieft P ERG EOMR S R, DAEE
A EA. mISEEE ARG FE O
G R T T FAR B A B E R & TR T
55 0 5 5 A VR 5 A SR B R O E Y R i
iiB



WO 2012/159550 A1 IO EA00 N 0 A O At

TRIBYM 4.17 YA HI: EERAT:
—  RTRPAGSGEN 4.17()) —  HIEEREEREGAE 21 &G,
—  XRTEBAGEE R TR 417G) — IR N 520).




OP0013-08-0500

—1/53—
FGFR-Fc¢ FUSION PROTEIN AND USE THEREOF

FIELD OF INVENTION

The present invention belongs to the field of biotechnology and relates to the
treatment of diseases, especially the treatment of FGF overexpression-related diseases.
Particularly, the present invention relates to FGFR-Fc fusion proteins and the use
thereof in the treatment of angiogenesis regulation-related diseases. More particularly,
the present invention relates to isolated soluble FGFR-Fc fusion proteins and their
applications in manufacture of the medicament for the treatment of angiogenesis

regulation-related diseases.

BACKGROUND OF THE INVENTION

Angiogenesis is one of the primary factors resulting in the growth and metastasis
of malignant tumor [1]. The process of angiogenesis is regulated by many factors,
among which some factors promote angiogenesis, while some factors inhibit
angiogenesis, and as a result, the regulation of angiogenesis is a very complicated
dynamic equilibrium process [2]. The anti-angiogenesis treatment is intended to
control the growth of tumor by blocking angiogenic stimulating factors or preventing
angiogenesis in the tumor using angiogenesis inhibitors. At present, a large amount of
angiogenic stimulating factors are known, such as, for example, vascular endothelial
growth factor (VEGF), fibroblast growth factor (FGF), hepatocyte growth factor
(HGF) etc.,, which may stimulate the division and differentiation of wvascular
endothelial cells and the morphogenesis of blood vessels. Among these factors
mentioned above, it is now known that VEGF is the most angiogenesis-specific and
the most effective growth factor [3, 4].

In a hypoxic environment inside the tumor tissue, a plenty of VEGFs are secreted

by the tumor cells, which induce the division and migration of wvascular
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endotheliocytes, finally resulting in the establishment of tumor vascular network. It
has been demonstrated by a lot of animal experiments that the inhibition of VEGF
may prevent angiogenesis, and further inhibit the growth of tumor. For this reason,
VEGEF and its receptors become important targets for anti-angiogenesis medicaments.
At present, anti-angiogenesis medicaments demonstrated in clinical trials to have
remarkable efficacy include Bevacizumab (under the trade name of Avastin), which is
able to block VEGF directly and inhibit the tumor angiogenesis. Bevacizumab was
approved for marketing by FDA in 2004, and as a first-line drug for rectal cancer, it is
the first marketing-approved drug that plays a role in anticarcinogenesis by inhibiting
angiogenesis. Avastin is a humanized anti-VEGF monoclonal antibody, which is
produced by a famous US biotechnology company Genentech. In a large-scale Phase
IIT clinical trial, the combined therapy by Avastin and chemotherapy may
significantly extend the survival time of the patients suffered from many kinds of
cancers, including rectal cancer, lung cancer, breast cancer and renal cancer, etc. [5, 6]
The clinical success of Avastin is a landmark, demonstrating that the
anti-angiogenesis treatment using tumor vascular system as the target is a clinically
effective measure and provide a new path for the tumor treatment. In western
countries, Avastin has already been widely used for tumor therapy and is one of the
drugs holding the largest global market share.

Besides Avastin, several drugs for anti-VEGF signaling are also under the late
phase of human clinical trial in foreign countries, which are expected for clinical
application in the next several years. Among others, Aflibercept (also called as
VEGF-Trap), developed by the cooperation between US biotechnology company
Regeneron and Sanofi-Aventis, is now under the large-scale Phase III clinical trial [7].
An anti-VEGF receptor II (VEGFR2) monoclonal antibody drug IMC-1121B
(Imclone) is also under the Phase III clinical trial [8]. In China, the development of
new medicaments now also focuses on the anti-tumor medicament using
anti-angiogenesis as the target. Medicaments using VEGF and its receptor, or other

angiogenic targets are under the development by several Chinese companies or
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research institutions. These new drugs will definitely provide new choices for cancer
therapy and new hope for the patients.

Great progress has been achieved in the clinical treatment of tumor using
anti-VEGF medicament, however, it has also been shown by the clinical trial that the
anti-VEGF treatment are also considerably limited. From the point of the effect of
tumor treatment, Avastin may extend the half survival time of the colon cancer patient
for about 3-4 months [9, 10], and extend the half survival time of the breast cancer
patient for about 7-8 months [11], and thus, Avastin cannot effectively inhibit the
growth of tumor blood vessel in a long term. Therefore, the problem how to further
improve the effect of clinical treatment using anti-angiogenesis method need to be
solved by tumor investigators and is also the main point of the research and
development of the next generation anti-angiogenesis medicament.

The primary causes resulting in the failure of anti-VEGF treatment or the
appearance of resistance may depend on the regulation of tumor angiogenesis by a
plurality of factors. Although VEGF plays an important role in angiogenesis, it is not
the only angiogenesis stimulating factor. Meanwhile, owing to the heterogeneity of
tumor cells, the complexity of tumor microenvironment and the compensatory
response mechanism of body, when the activity of VEGF is inhibited for a long period
of time, other angiogenesis stimulating factors would be expressed [12], and thus the
growth of tumor blood vessel is no longer dependent on VEGF signaling path. The
variation of angiogenesis factors expressed by the tumor was studied during
anti-VEGFR2 treatment for pancreatic tumor by Prof. Hanahan's group (University of
California, San Francisco, US), indicating that the expression of several genes
changed during anti-VEGF treatment, in which the expression of FGF-2 significantly
increased. It has been shown that the expression of FGF, especially FGF-2, increased
significantly in the tumor resistant to anti-VEGF treatment so that angiogenesis was
activated again and the tumor repopulation was inhibited after blocking FGF signal
pathway [13]. It may be seen that the over-expression of FGF-2 is closely related to

the ability of tumor to escape from anti-VEGF treatment. Therefore, we believe the
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angiogenesis of tumor may be efficiently prevented and the tumor growth may be
inhibited by blocking FGF pathway, so that angiogenesis-related diseases can be
treated alone by anti-FGF treatment or by a combination therapy of anti-FGF and
anti-VEGF treatment.

Fibroblast growth factor (FGF) is a growth factor family for heparin-binding,
and there are 22 family members (FGF 1-14, 16-23) in the mammals. FGF plays an
important role in many biological functions, for example, cell proliferation,
differentiation, migration, angiogenesis and tumorigenesis etc. Fibroblast growth
factor receptor (FGFR) is the receptor which binds the family members of fibroblast
growth factor. FGF may bind FGFR and activate the downstream signal pathway,
which plays an important role in a physiological and pathological process, such as
embryogenesis, development, vasculogenesis, vasodilatation, neuroregulation,
ischemia protection, wound healing and tumorigenesis etc. [14, 15]It has already been
demonstrated that overexpression of FGF/FGFR in vivo is closely related to many
diseases including tumors (such as fibroma, neuroglioma, melanoma, prostate
carcinoma, lymphomata, leukaemia, urinary system cancer etc.), skeletal system
diseases (dwarfism, craniosynostosis, achondroplasia, acanthosis nigricans) and renal
failure etc. It has already been reported that increased expression level of FGF and its
receptor may directly promote the survival and proliferation of tumor cells, and the
survival of hepatic carcinoma cells is significantly reduced by down-regulation of
FGF by siRNA [22]. Therefore, it is expected to block FGF pathway by constructing
an FGFR-Fc fusion protein that is able to antagonize FGF, which is of the potential

for treating FGF overexpression-related diseases.

At present, few researches focus on the development of new
anti-angiogenesis medicament using FGF and its receptor as the target in clinical trials.
For example, FP-1039, a fusion protein composed of whole extracellular domain of
human FGFR1 and human IgG1 Fc fragment, is developed by a US company Five
Prime and now in volunteer recruitment stage of Phase I clinical trail. However, it has

been suggested by researches of Wang and Olsen that the first Ig-like domain of the
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extracellular domain of human FGFRI and the linking fragment between the first and

the second Ig-like domain of the extracellular domain of human FGFRI may inhibit

binding of FGFRI and FGF [26, 211

Therefore, it 15 expected 1o block FGF pathway by constructing an FGFR-Fo
fusion protein that is able to antagonize FGF so that angiogenssis may be efficiently
inhibited or it may act on twmor cells directly and inhibit their growih, and it is of the
potential - for  treating  FGF  overexpression-relaied  diseases  to cure

angiogenesis~related diseases such as tumors.

It is to be understood that, if any prior art publication is referved to herein, such
reference dogs not constitute an admission that the publication forms & part of the

common general knowledge in the art, in Australia or any other country,

SUMMARY

The space structure of protein is closely related to its biological funetion. The
FGF binding capacity i directly influenced by difference among the conformations of
cach lg-like domain of the sxiracellular domain of FOFR and the linking fragment.
Different fusion proteins, composed of the FGFR extracellular domain fragments of
various lengths and g6 Fe, are construcied by means of genetic engineering to obiain
fusion proteins with differont conformations, so that the fusion protein with high

efficiency of FGF binding and biclogical activity can be screened.

There are four FGFR genes in the mammals: fgfR1-fgfR4. Fibroblast growih
factor recepior is composed of the exiracelluldr domain, transmembrane domain and
intracellular domain. There are many members in FGFR family, which have similar
exiracellular domain but vary in the ligand binding property and kinase domain. Their
extraceliular domains include three immunoglobulin-like (Jg-like) domains: the first
fg-like domain, the second Ig-like domain and the third Ig-like domain, and there is 8
sequence between the first snd the second Ip-like domain, which is referred as the

intermediate functional sequence of the Ig-like domain of FGFR (IFS for shor hergin)

SETHEHC T ARy PR P AL TN
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in this specification. The intermediate functional sequence may comprise one acidic amino

acid segment, which is referred as acidic box (AB).

In a first aspect, the invention provides an isolated soluble fusion protein of fibroblast
growth factor receptor (FGFR), comprising: a part derived from the FGFR extracellular
domain and an immunoglobulin Fc region, wherein the part derived from the FGFR
extracellular domain consists of an amino acid sequence corresponding to positions 1-241 of
SEQ ID NO: 12, positions 1-230 of SEQ ID NO: 13, or positions 1-224 of SEQ ID NO: 14
or encoded by a nucleotide sequence corresponding to positions 1-723 of SEQ ID NO: 19,
positions 1-690 of SEQ ID NO: 20, or positions 1-672 of SEQ ID NO: 21.

In a second aspect, the invention provides an isolated soluble [usion protein of
fibroblast growth factor receptor (FGFR), wherein said protein consists of an amino acid
sequence of any one of SEQ ID NOs: 12-14, or is encoded by a nucleic acid molecule

consisting of a nucleotide sequence of any one of SEQ ID NOs: 19-21.

Disclosed herein is an isolated soluble fusion protein of fibroblast growth factor receptor
(FGFR), which comprises: the part derived from the intermediate functional sequence (also
referred as IFS herein) of the Ig-like domain of FGFR, the second Ig-like domain (also
referred as D2 herein) of FGFR, the third Ig-like domain (also referred as D3 herein) of

FGFR and immunoglobulin Fc region.

Also disclosed is a fusion protein, which comprises or consists of: the part derived from
the intermediate functional sequence region of the Ig-like domain of FGFR, the second
Ig-like domain of FGFR, the third Ig-like domain of FGFR and immunoglobulin Fc region.
In some embodiments, the part derived from IFS contains no acidic box. In some other
embodiments, the part of IFS has the amino acid sequence of position 134 to position 162,
position 145 to position 162 or position 151 to position 162 of SEQ ID NO: 1, or has the
amino acid sequence sharing at least 90% identity, preferably 93%, 95%, 97%, 98% or 99%
identity, with the amino acid sequence of position 134 to position 162, position 145 to

position 162 or position 151 to position 162 of SEQ ID NO: 1.

7317075_1 {GHMatters) P94476 AU 19-Jan-16
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Also disclosed is a fusion protein, which comprises or consists of: the first Ig-like
domain (also referred to as D1 herein) of FGFR or a moiety thereof, the part derived from
the intermediate functional sequence region of the Ig-like domain of FGFR, the second
Ig-like domain of FGFR, the third Ig-like domain of FGFR and immunoglobulin Fc region.

Preferably, said D1 domain or a moiety thereof possesses:

the amino acid sequence corresponding to position 40 to position 118 of SEQ ID NO: 1,
or the amino acid sequence sharing at least 70% identity, preferably at least 80%, 90%, 93%,
95%, 97%, 98% or 99% i1dentity with the sequence of position 40 to position 118 of SEQ ID
NO: 1; or

the amino acid sequence corresponding Lo position 77 to position 118 of SEQ ID NO: 1,
or the amino acid sequence sharing at least 70% identity, preferably at least 80%, 90%, 93%,
95%, 97%, 98% or 99% identity with the amino acid sequence of position 77 to position 118

of SEQ ID NO: 1.

Also disclosed is a fusion protein, which comprises or consists of: the intermediate
functional sequence region of the Ig-like domain of FGFR or a moiety thereof, the second
Ig-like domain of FGFR, the third Ig-like domain of FGFR and immunoglobulin Fc region,

wherein:

the second Ig-like domain of FGFR has the amino acid sequence corresponding to
position 163 to position 247 of SEQ ID NO: 1, or the amino acid sequence sharing at least
70% identity, preferably at least 80%, 90%, 93%, 95%, 97%, 98% or 99% identity with the

amino acid sequence of position 163 to position 247 of SEQ ID NO: 1; and/or

the third Ig-like domain of FGFR has the amino acid sequence corresponding to position
270 to position 359 of SEQ ID NO: 1, or the amino acid sequence sharing at least 70%
identity, preferably at least 80%, 90%, 93%, 95%, 97%, 98% or 99% identity with the amino

acid sequence of position 270 to position 359 of SEQ ID NO: 1.

Also disclosed is a fusion protein, which comprises a region derived from the
extracellular domain of FGFR and immunoglobulin Fc region or composed thereof, wherein

the region derived from the extracellular domain of FGFR:

7317075_1 {GHMatters) P94476 AU 19-Jan-16
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(1) comprises an amino acid sequence corresponding to any one of positions 1-353 of
SEQ ID NO: 9, positions 1-299 of SEQ ID NO: 10, positions 1-273 of SEQ ID NO: 11,
positions 1-241 of SEQ ID NO: 12, positions 1-230 of SEQ ID NO: 13, positions 1-224 of
SEQ ID NO: 14 and positions 1-219 of SEQ ID NO: 15, or encoded by a nucleotide
sequence corresponding to any one of positions 1-1059 of SEQ ID NO: 16, positions 1-897
of SEQ ID NO: 17, positions 1-819 of SEQ ID NO: 18, positions 1-723 of SEQ ID NO: 19,
positions 1-690 of SEQ ID NO: 20, positions 1-672 of SEQ ID NO: 21, and positions 1-657
of SEQ ID NO: 22;

(2) comprises or consists of an amino acid sequence having at least 70% identity,
optionally at least 80%, 90%, 93%, 95%, 97%., 98% or 99% identity with an amino acid
sequence corresponding to any one of positions 1-353 of SEQ ID NO: 9, positions 1-299 of
SEQ ID NO: 10, positions 1-273 of SEQ ID NO: 11, positions 1-241 of SEQ 1D NO: 12,
positions 1-230 of SEQ ID NO: 13, positions 1-224 of SEQ ID NO: 14 and positions 1-219
of SEQ ID NO: 15; or

(3) comprises or consists of an amino acid sequence encoded by a nucleotide sequence
having at least 70% identity, optionally at least 80%, 90%, 93%, 95%, 97%, 98% or 99%
identity with a nucleotide sequence corresponding to any one of positions 1-1059 of SEQ ID
NO: 16, positions 1-879 of SEQ ID NO: 17, positions 1-819 of SEQ ID NO: 18, positions
1-723 of SEQ ID NO: 19, positions 1-690 of SEQ ID NO: 20, positions 1-672 of SEQ ID
NO: 21 and positions 1-657 of SEQ ID NO: 22.

Also disclosed is a fusion protein, said protein:

(1) comprises the amino acid sequence indicated by any one of SEQ ID NOs: 9-15, or
the amino acid sequence encoded by the nucleotide sequence indicated by any one of SEQ

ID NOs: 16-22;

(2) comprises or consists of the amino acid sequence sharing at least 70% identity,
preferably at least 80%, 90%, 93%, 95%, 97%, 98% or 99% identity, with the amino acid

sequence indicated by any one of SEQ ID NOs: 9-15; or

7317075_1 {GHMatters) P94476 AU 19-Jan-16
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(3) comprises or consists of the amino acid sequence encoded by the nucleotide
sequence sharing at least 70% identity, preferably at least 80%, 90%, 93%, 95%, 97%, 98%
or 99% identity, with the nucleotide sequence indicated by any one of SEQ ID NOs: 16-22.

Preferably, in the fusion protein, the immunoglobulin Fc region is human IgG1 Fc region,

and more preferably, it comprises:

the amino acid sequence corresponding to SEQ ID NO: 7, or the amino acid sequence
sharing at least 70% identity, preferably at least 80%, 90%, 93%, 95%, 97%, 98% or 99%

identity, with the amino acid sequence of SEQ ID NO: 7; or

the amino acid sequence encoded by the nucleotide sequence corresponding to SEQ 1D
NO: 8, or the amino acid sequence encoded by the nucleotide sequence sharing at least 70%
identity, preferably at least 80%, 90%, 93%, 95%, 97%, 98% or 99% identity, with the
nucleotide sequence of SEQ ID NO: 8.

In one embodiment of the present invention, the immunoglobulin Fc region is located at

the C-terminus of the fusion protein.

Also disclosed is a fusion protein precursor comprising a secretory signal peptide region,
for example, VEGFRI signal peptide region, and preferably, the secretory signal peptide
region has the amino acid sequence of position 1 to position 26 of SEQ ID NO: 2 or the
amino acid sequence encoded by the nucleotide sequence of SEQ ID NO: 23. Preferably, the

signal peptide region is located at the N-terminus of the precursor.

Also disclosed is a fusion protein which sequentially comprises from the N-terminus to

the C-terminus: the part derived from IFR, D2, D3 and immunoglobulin Fc region.

In another embodiment, the domains and/or regions involved in the fusion protein of the
present invention are linked directly and/or by a linker. In one embodiment, the region
derived from the extracellular domain of FGFR and immunoglobulin Fc region are linked
directly. In another embodiment, the region derived from the extracellular domain of FGFR

and immunoglobulin Fc region are linked by a linker.

7317075_1 {GHMatters) P94476 AU 19-Jan-16
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In one embodiment, the fusion protein of the present invention inhibits angiogenesis. In
another embodiment, the fusion protein of the present invention binds FGF, preferably FGF2,
in vivo and/or in vitro. In another embodiment, the fusion protein of the present invention

inhibits tumor cells directly.

Also disclosed is an FGFR-Fc fusion protein, which comprises a part derived from the
extracellular domain of FGFR and a part derived from immunoglobulin Fc region.
Particularly, the part derived from the extracellular domain of FGFR is the part derived from
the extracellular domain of FGFRI1. Preferably, the immunoglobulin Fc region is human
immunoglobulin Fc region, for example, human IgG1 Fc region. In one embodiment of the
present invention, the FGFR-Fc fusion protein has the capacity of binding and/or

antagonizing FGF, and thus, may inhibit angiogenesis.

In the FGFR-Fc¢ fusion protein, the part derived from the extracellular domain of FGFR
may comprise one or more selected from the group consisting of: D1 domain or a moiety
thereof, the part derived from IFS, D2 domain or a moiety thereof and D3 domain or a
moiety thereof. In one embodiment, the part derived from the extracellular domain of FGFR
may comprise D1 or a moiety thereof, the part derived from IFS, D2 domain and D3 domain.
In another embodiment, the part derived from the extracellular domain of FGFR may
comprise the part derived from IFS, D2 domain and D3 domain, and preferably, the part
derived from IFS has the amino acid sequence corresponding to position 134 to position 162,
position 145 to position 162 or position 151 to position 162 of SEQ ID NO: 1. In some
prelerable embodiments of the present invention, the FGFR-F¢ [usion protein contains no
D1 or a moiety thereof. In some other preferable embodiments of the present invention, the
FGFR-Fc fusion protein contains no part from IFS other than the amino acid sequence
corresponding to position 134 to position 162, position 145 to position 162 or position 151 to

position 162 of SEQ ID NO: 1.

In some embodiments of the present invention, the order from the N-terminus to the

C-terminus of each region and/or each domain involved in the FGFR-Fc fusion protein may

7317075_1 {GHMatters) P94476 AU 19-Jan-16
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be any order. In some other embodiments, said order can be as shown in Fig. 1. In some

other embodiments, said order may be different from the order shown in Fig. 1.

In some embodiments, the FGFR-Fc fusion protein of the present invention further
comprises one or more intrachain disulfide bonds, and preferably, comprises one or more

intra-chain disulfide bonds in the Ig-like domain.

In one embodiment of the present invention, the FGFR-Fc fusion protein can be
produced by expression of the nucleic acid comprising the nucleotide sequence indicated by
any one of SEQ ID NOs: 16-22 in a mammalian cell line. Particularly, the mammalian cell

Iine 1s CHO cell line.

Additionally, a FGFR-Fc fusion protein is also disclosed in which domains and/or

regions involved in the fusion protein are operatively linked and/or by a linker.

In a third aspect, the invention provides an isolated nucleic acid molecule encoding the

fusion protein of the first or second aspect.

Also disclosed is an isolated nucleic acid molecule which encodes the fusion protein or
the precursor of the fusion protein of the present invention is provided. Preferably, the
nucleic acid molecule comprises the nucleotide sequence indicated by any one of SEQ ID

NOs: 16-22.

In a fourth aspect of the present invention, a vector comprising the nucleic acid molecule

of the third aspect is provided.

In a fifth aspect of the present invention, an isolated and/or non-human cell, optionally a

CHO cell, transfected by the vector of the fourth aspect provided.

Also disclosed is a composition comprising the fusion protein of the present invention,

which is mixed with a pharmaceutically acceptable carrier, is provided.

In a sixth aspect of the present invention, a pharmaceutical composition comprising the
fusion protein of the first or second aspect, the nucleic acid molecule of the third aspect, the
vector of the fourth aspect, or the cell of the fifth aspect and a pharmaceutically acceptable

carrier is provided.

7317075_1 {GHMatters) P94476 AU 19-Jan-16
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Also disclosed is a method for producing the angiogenesis-inhibitory fusion protein,
which is carried out by expressing the fusion protein in prokaryotic cells or eukaryotic cells,

especially, in mammalian cell lines.

Also disclosed is a method for producing the angiogenesis-inhibitory fusion protein,
which is carried out by expressing the nucleic acid molecule in mammalian cell lines.

Preferably, the mammalian cell line is CHO cell line.

In a seventh aspect, the invention provides use of the fusion protein of the first or
second aspect, the nucleic acid molecule of the third aspect, the vector of the fourth aspect,
or the cell of the fifth aspect in the manufacture of a medicament for inhibiting angiogenesis

1n a mammal.

In an eighth aspect, the invention provides use of the fusion protein of the first or
second aspect, the nucleic acid molecule of the third aspect, the vector of the fourth aspect,
or the cell of the fifth aspect in the manufacture of a medicament for treating or preventing a

tumor, optionally a solid tumor, in a subject.

In a ninth aspect, the invention provides a method for inhibiting angiogenesis in a
mammal in need thereof, comprising administering an effective amount of the fusion protein
of the first or second aspect, the nucleic acid molecule of the third aspect, the vector of the
fourth aspect, the cell of the fifth aspect, or the pharmaceutical composition of the sixth

aspect to the mammal.

In a tenth aspect, the invention provides a method for treating or preventing a tumor,
optionally a solid tumor, in a subject, comprising administering an effective amount of the
fusion protein of the first or second aspect, the nucleic acid molecule of the third aspect, the
vector of the fourth aspect, the cell of the fifth aspect, or the pharmaceutical composition of

the sixth aspect to the subject.

Also disclosed is a method for inhibition of angiogenesis is provided, which comprises
administrating angiogenesis-inhibiting effective amount of the FGFR-Fc¢ fusion protein, the

nucleic acid molecule encoding the protein, the vector comprising the nucleic acid molecule
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and/or a pharmaceutical composition comprising any one mentioned above to the subject in

need thereof. Preferably, the method is carried out in the mammals.

Also disclosed is a method for the treatment or prevention of tumors in the mammals is
provided, which comprises administrating therapeutically or preventively effective amount
of the FGFR-F¢ fusion protein, the nucleic acid molecule encoding the protein, the vector
comprising the nucleic acid molecule and/or a pharmaceutical composition comprising any
one mentioned above to the subject in need thereof, and preferably, the tumor is a solid

tumor.

Also disclosed is a method for the treatment or prevention of ophthalmic
angiogenesis-related diseases in the mammals is provided, which comprises administrating
therapeutically or preventively effective amount of the FGFR-Fc fusion protein, the nucleic
acid molecule encoding the protein, the vector comprising the nucleic acid molecule and/or a
pharmaceutical composition comprising any one mentioned above to the subject in need
thereof, and preferably, the ophthalmic angiogenesis-related disease is age-related macular

degeneration.

Also disclosed is use of the FGFR-Fc fusion protein, the nucleic acid molecule encoding
the protein, the vector comprising the nucleic acid molecule and/or a pharmaceutical
composition comprising any one mentioned above in manufacture of a medicament for
inhibiting angiogenesis. Also disclosed is use of the FGFR-Fc fusion protein, the nucleic
acid molecule encoding the protein, the vector comprising the nucleic acid molecule and/or a
pharmaceutical composition comprising any one mentioned above in manufacture of a
medicament for the treatment or prevention of angiogenesis-related diseases, and preferably,

the angiogenesis-related disease is a tumor or ophthalmic angiogenesis-related disease.

In view of different provisions for the subject protected in the patent systems of different
countries, the disclosure has further provided the pharmaceutical uses corresponding to the
methods mentioned above and the medicines for the intended uses. These various
pharmaceutical uses and medicines are also covered in the protection scope of the present

invention, as if they were already specifically described in the present disclosure.

7317075_1 {GHMatters) P94476 AU 19-Jan-16
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In the disclosure, only some specific embodiments claimed for protection are illustrated
by way of example, in which the technical features described in one or more technical
proposals can be combined with any one or more technical proposals, and these technical
proposals obtained by combination are also covered in the protection scope of the
application, as if these technical proposals obtained by combination were already specifically

described 1n the disclosure.

With reference to the accompanying figures and the description in more detail below, the
present invention will be illustrated bv way of example only. It should be understood that the
description below is only illustrated by way of example for the technical solutions claimed

for protection by the present invention, and not regarded

7317075_1 {GHMatters) P94476 AU 19-Jan-16
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as any limitation on these technical solutions. The protection scope of the present

invention shall be defined by the claims as appended.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a structural representation of FGFR1-Fc fusion protein. FGFR1-F¢
fusion protein is represented by a solid line, and the deleted amino acid is represented
by a dash line; the antibody-like domain is represented by a circle; different
antibody-like domains are represented by number 1-3; the disulfide bond is
represented by s s; human IgG1 Fc is represented by a grey box; VEGFR1 signal
peptide is represented by SP; the acidic box sequence is represented by a box with

letter AB.

Fig. 2 shows the comparison of FGF-2 binding among various FGFR1-Fc fusion
proteins. Binding of heparin (100 ng/mL) containing FGF-2 (50 ng/mL) or FGF-2 (50
ng/mL) alone to each FGFR1-Fc fusion protein (20 ng/mL) is detected by ELISA.

Fig. 3 shows SDS-PAGE of 26# FGFR1-Fc fusion protein.

Fig. 4 shows the binding of FGF-2 to a gradient concentration of 26# FGFR1-Fc

fusion protein.
Fig. 5 shows the affinity between 26# FGFR1-Fc fusion protein and FGF-2.

Fig. 6 shows the effect of 26# FGFRI1-Fc fusion protein on the HUVEC cell

division induced by FGF-2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Definitions
Unless otherwise defined, all scientific terms used herein have the same meaning
as commonly understood by those skilled in the art. With regard to the definitions and

terms in the art, reference may be made to Current Protocols in Molecular Biology
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(Ausubel) by the skilled one. Standard three- and/or one-letter code used for expressing one
of 20 common L-amino acids in the art are adopted as the abbreviation of amino acid
residues.

Although the number ranges and approximate parameter values are given in a broad
range in the present invention, all numbers in the specific examples are described as precise
as possible. However, certain errors exist in any numerical values essentially, which may be
resulted from the standard deviation during the measurement for each of them. Additionally,
it should be understood that all ranges disclosed herein encompass any and all possible
subranges contained therein. For example, it should be understood that the range "from 1 to
10" as described herein encompasses any and all possible subranges between the minimum 1
and the maximum 10 (including the endpoints); i.e., all subranges started from the minimum
1 or more, for example 1 to 6.1, and all subranges ended at the maximum 10 or less, for
example 5.5 to 10. Additionally, it should be understood that any reference referred as
"incorporated herein" is incorporated in its entirety.

Additionally, it should be noted that unless otherwise clearly and explicitly stated, the
singular form includes the plural referent, as used in the present invention. The term "or" and
the term "and/or" are used interchangeably, unless otherwise clearly indicated in the context.

In the claims which follow and in the description of the invention, except where the
context requires otherwise due to express language or necessary implication, the word
“comprise” or variations such as “comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but not to preclude the presence or addition
of further features in various embodiments of the invention.

As used herein, the term "Fc", "Fc region", "F¢ fragment" or "immunoglobulin Fc
region" refers to the crystallizable fragment of immunoglobulin, and in the present invention,

said Fc region is preferably the human IgG1 Fc region.

6869287_1 (GHMatters) P94476.AU LEOWNR 4-Sep-15
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The term "Fe fusion protein” refers to the anmtibody-like molecule which
incorporates the binding specificity of @ heterologous protein and the effector function
of a constant region of an immunoglobulin, In the term of molecular structure, a Fe
fusion protein gomprises the amino acid sequence having the required binding
specificity and the sequence of a congtant region of an immunoglobulin. A Fe fusion
protein molecule generally comprises a binding site of a recepior or a ligand. The

sequence of mmunoglobulin constant reglon may be derived from any
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immunoglobulin, for example, IgG-1, IgG-2, IgG-3 or IgG-4 subtype, IgA (including

IgA-1 and IgA-2), IgE, IgD or IgM.

The term "soluble" protein as used herein refers to the protein which may be
dissolved in an aqueous solution at a biologically relevant temperature, pH level and
osmotic pressure. The "soluble fusion protein" as used herein is intended to mean that
the fusion protein does not contain a transmembrane region or an intracellular region.

As used herein, the term "isolated" refers to the following substance and/or entity:
(1) which is isolated from at least some components which is present when initially
produced (in natural environment and/or in a experiment device) and related thereto
and/or (2) which is produced, prepared and/or manufactured artificially. The isolated
substance and/or entity may be isolated from at least about 10%, about 20%, about
30%, about 40%, about 50%, about 60%, about 70%, about 80%, about 90%, about
95%, about 98%, about 99%, substantially 100% or 100% other components related to
it initially.

The term "part" and "fragment" interchangeably refer to a part of polypeptide,
nucleic acid or other molecular constructs.

The term "Ig-like domain" as used herein refers to immunoglobulin-like domain,
which may be found in a plurality of protein families and involved in many biological
functions, including cell-cell recognition, cell surface receptor, immune function and
the like.

Fibroblast growth factor (FGF) is a heparin-binding growth factor family, which
has 22 family members in the mammals (FGF 1-14, 16-23). FGF has many important
biological functions, such as cell multiplication, differentiation, migration,
angiogenesis and tumorigenesis. FGF exerts many biological functions by binding
and activating the cell surface FGF receptor (FGFR). (See, for example, Eswarakumar
et al. Cytokine Growth Factor Rev. 16: 139-149, 2005). Fibroblast growth factor
receptor (FGFR) is the receptor that binds the family members of fibroblast growth
factor. A part of fibroblast growth factor receptor is involved in the disease process. In

the mammals, there are 4 FGFR genes: fgfR1-fgfR4. The fibroblast growth factor
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receptor is composed of extracellular domain, transmembrane domain and
intracellular domain. There are many members in FGFR family, which are different
from each other in the term of ligand binding properties and kinase domains. However,
the extracellular domains thereof are similar. There are three immunoglobulin-like
(Ig-like) domains contained in their extracellular domains: the first Ig-like domain, the
second Ig-like domain and the third Ig-like domain, and there is also a sequence
contained between the first and the second Ig-like domain. Said sequence contained
between the first and the second Ig-like domain is referred herein as the intermediate
functional sequence region of the Ig-like domain of FGFR. Said intermediate
regulation sequence comprises a region of acidic amino acids, referred as acidic box
(AB).

As used herein, the term "the first Ig-like domain of FGFR" or "the first Ig-like
domain" refers to the first Ig-like domain in the protein FGFR from the N-terminus,
which has for example the amino acid sequence corresponding to position 40 to
position 118 of SEQ ID NO: 1. Similarly, the term "the second Ig-like domain of
FGFR" or "the second Ig-like domain" refers to the second Ig-like domain in the
protein FGFR from the N-terminus, which has for example the amino acid sequence
corresponding to position 163 to position 247 of SEQ ID NO: 1; the term "the third
Ig-like domain of FGFR" or "the third Ig-like domain" refers to the first Ig-like
domain in the protein FGFR from the N-terminus, which has for example the amino
acid sequence corresponding to position 270 to position 359 of SEQ ID NO: 1.
Preferably, the FGFR is FGFRI1, and the first Ig-like domain of FGFR is the first
Ig-like domain of FGFR1, and the second Ig-like domain of FGFR is the second
Ig-like domain of FGFR1, and the third Ig-like domain of FGFR is the third Ig-like
domain of FGFR1.

A part of sequence of hFGFRI is given as follows, in which each Ig-like domain
is shown in shaded area sequentially, see

http: Awenw nebt nlmonth soviprotein/ AAHTSO35 1
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MWSWKCLLFWAVLVTATLCTARPSPTLPEQAQPWGAPVEVESFLVHPGDLL

QLRCRLRDDVQSINWLRDGVQLAESNRTRITGEEVEVQDSVPADSGLYACVT

SSPSGSDTTYFSVNVSDALPSSEDDDDDDDSSSEEKETDNTKPNPVAPYWTSP

EER
The amino acid sequence of FGFR1 may be found in SEQ ID NO: 1, and its
encoding nucleotide sequence may be found in SEQ ID NO: 4.

As used herein, the term "the intermediate functional sequence region of the
Ig-like domain of FGFR" or "the intermediate functional sequence of the Ig-like
domain of FGFR" or “IFS” refers to the sequence between the first Ig-like domain and
the second Ig-like domain in the protein FGFR, and preferably, IFS sequence has the
amino acid sequence corresponding to position 118 to position 162 of SEQ ID NO: 1.
Unexpectedly, it has been found by the present inventor that there is a significant
effect of the intermediate functional sequence region on the function of the Ig-like
domain. In some embodiments of the present invention a FGFR fusion protein, which
comprises a plurality of parts of various lengths derived from the intermediate
functional sequence region, and particularly preferably, the part derived from the
intermediate functional sequence region contains no acidic box. More preferably, the
part derived from IFS has the amino acid sequence corresponding to position 134 to
position 162, position 145 to position 162 or position 151 to position 162 of SEQ ID
NO: 1. The protein FGFR is preferably FGFR1 (SEQ ID NO: 1), especially the
protein human FGFR1. The amino acid sequence of the protein human FGFR1 may

be found in SEQ ID NO: 1, and its cDNA sequence may be found in SEQ ID NO: 4.

The term "FGFR" as used herein refers to fibroblast growth factor receptor, which
may be FGFR1, FGFR2, FGFR3 and/or FGFR4. Preferably, the FGFR in the present

invention is FGFR 1, more preferably, human FGFRI.
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As used herein, the term "degenerate variant" is intended to mean that the
degenerate variant comprises a degenerate change at the third position of the amino
acid codon so that the degenerate variants encode the same amino acid, for example
the wobble position of a triplet code comprising one or more changed variants (also

referred as synonymous variant).

As used herein, the term "subject" refers to mammals, such as human. However, it
may also be other animals, such as domesticated animals (such as dog and cat etc.),
livestocks (such as cattle, sheep, pig and horse etc.) or experimental animals (such as

monkey, rat, mouse, rabbit and guinea pig etc.).

"non
2

As used herein, the term "percentage identity", "homology" or "identity" refers to
the sequence identity between two amino acid sequences or nucleic acid sequences.
The percentage identity may be determined by alignment between two sequences, and
the percentage identity refers to the amount of the same residue (i.e., amino acid or
nucleotide) at the same position in the sequence aligned. Sequence alignment and
comparison may be performed using standard algorithms in the art (for example
Smith and Waterman, 1981, Adv. Appl . Math. 2: 482; Needleman and Wunsch, 1970,
J. Mol. Biol. 48: 443; Pearson and Lipman, 1988, Proc. Natl. Acad. Sci., USA, 85:
2444) or by the computerized versions of these algorithms (Wisconsin Genetics
Software Package Release 7.0, Genetics Computer Group, 575 Science Drive,
Madison, WI). Said computerized versions publicly available are BLAST and FASTA.
Additionally, ENTREZ available through National Institutes of Health (Bethesda MD)
may be used for sequence alignment. When BLAST and GAP-BLAST are used,
default parameters for each program (for example, BLASTN, available on the website
of National Center for Biotechnology Information) may be used. In one embodiment,
the percentage identity between two sequences may be determined using GCG with a
gap-weight of 1 so that the giving weight of each amino acid gap seems as if it is a

single amino acid mismatch between two sequences. Alternatively, ALIGN (version
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2.0), which is a part of GCG (Accelrys, San Diego, CA) Sequence Alignment

Software Package, may be used.

As used herein, the term "hybridization" refers to the process by which a stable
double-stranded polynucleotide is formed by non-covalent bonding between two
single stranded polynucleotides. The term "hybridization" also may refer to
triple-stranded hybridization. The double stranded polynucleotide (generally)
produced is the "hybrid" or "duplex". "The condition for hybridization" generally
includes a salt concentration lower than about 1 M, and more generally, lower than
about 500 mM, and lower than about 200 mM. The hybridization temperature may be
as low as 5°C, but it usually higher than about 22°C, and more usually higher than
about 30°C, and preferably higher than about 37°C. Hybridization is usually carried
out under strict conditions (i.e., the conditions under which the probe will hybridize to
its target sequence). Strict hybridization conditions are dependent on the sequence and
will be varied under different conditions. Higher hybridization temperature will be
probably required by longer segments for specific hybridization. Since the
hybridization stringency may be influenced by other factors (including base
composition and length of the complementary strand, the presence of organic solvent
and the degree of base mismatch), the combination of parameters is more important
than the absolute value of any single parameter. Generally, the strict condition is
selected as 5°C lower than the Tm of the sequence under certain ionic strength and pH.
Exemplary strict conditions include pH 7.0 to 8.3, sodium ion (or other salts)
concentration of at least 0.01 M to no more than 1 M and temperature of at least 25°C.
For strict conditions, see, for example Sambrook, Fritsche and Maniatis. “Molecular
Cloning A laboratory Manual”, 2™ edition, Cold Spring Harbor Press (1989) and
Anderson “Nucleic Acid Hybridization”, 1% edition, BIOS Scientific Publishers
Limited (1999), which are incorporated herein by reference for all purposes

mentioned above.
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As used herein, the term "linker", "peptide linker", "linking sequence" or "linker
sequence" refers to a short amino acid sequence by which individual domain and/or
region involved in the present fusion protein are linked together, and the length of the
short amino acid sequence is generally 0-20 amino acids, and preferably, 2-10 amino

acids.

As used herein, the term of "the amino acid sequence corresponding to SEQ ID
NO: N" in a fusion protein or part or domain is intended to mean said fusion protein
or part or domain has the amino acid sequence substantially as indicated by SEQ ID
NO: N, and preferably, containing no more than 1, 2, 3, 4, 5, 10 or 20 substitutions,
additions and deletions of amino acids, and yet preferably, said fusion protein or part
or domain shares at least 80%, 90%, 93%, 95%, 97%, 98% or 99% identity with the
amino acid sequence of SEQ ID NO: N, and more preferably, said fusion protein or

part or domain has the amino acid sequence as indicated by SEQ ID NO: N.

As used herein, the term "FGFR-Fc fusion protein" refers to a fusion protein
which comprises the part derived from the extracellular domain of FGFR and the part
derived from the immunoglobulin Fc region, wherein the part derived from the
extracellular domain of FGFR may: (1) comprise the amino acid sequence sharing at
least 70% identity, preferably at least 80%, 90%, 93%, 95%, 97%, 98% or 99%
identity, with the amino acid sequence indicated by any one of SEQ ID NOs: 9-15 or
composed thereof, (2) comprise the amino acid sequence encoded by the nucleotide
sequence sharing at least 70% identity, preferably at least 80%, 90%, 93%, 95%, 97%,
98% or 99% identity, with the nucleotide sequence indicated by any one of SEQ ID
NOs: 16-22 or composed thereof; or (3) possess the amino acid sequence indicated by
any one of SEQ ID NOs: 9-15, or the amino acid sequence encoded by the nucleotide
sequence indicated by any one of SEQ ID NOs: 16-22.

In some preferable embodiments, the FGFR-Fc fusion protein may be encoded by
the nucleic acid, in which the nucleotide sequence encoding the part derived from the

extracellular domain of FGFR comprises the sequence of which the complementary
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sequence is hybridized with the nucleotide sequence as indicated by any one of SEQ
ID NOs: 16-22 under stringent conditions, or comprises the degenerative variant of
the nucleotide sequence as indicated by any one of SEQ ID NOs: 16-22. In some
preferable embodiments, the nucleotide sequence encoding the immunoglobulin Fc
region comprises the sequence of which the complementary sequence is hybridized
with the nucleotide sequence indicated by SEQ ID NO: 8 under stringent conditions,
or comprises the degenerative variant of the nucleotide sequence indicated by SEQ ID

NO: 8.

In other preferable embodiments, the FGFR-Fc fusion protein includes the
FGFR-Fc fusion protein variant. In one embodiment, the variant includes the variant
which contains no more than 2, 3, 4, 5 or 10 substitutions, additions or deletions of
amino acid in the part derived from IFS corresponding to the amino acid sequence
indicated by position 134 to position 162, position 145 to position 162 or position 151

to position 162 of SEQ ID NO: 1, and preferably, the variant retains the

angiogenesis-inhibitory capacity. In another embodiment, the variant includes the
variant which contains no more than 2, 3, 4, 5, 10 or 20 substitutions, additions or
deletions of amino acid in D2 domain corresponding to the amino acid sequence
indicated by position 163 to position 247 of SEQ ID NO: 1, and preferably, the
variant retains the angiogenesis-inhibitory capacity. In another embodiment, the
variant includes the variant which contains no more than 2, 3, 4, 5, 10 or 20
substitutions, additions or deletions of amino acid in D3 domain corresponding to the
amino acid sequence indicated by position 270 to position 359 of SEQ ID NO: 1, and
preferably, the variant retains the angiogenesis-inhibitory capacity. In another

embodiment, the substitution, addition or deletion is located at the linker or the

linking part.

In addition to the naturally occurring modifications in the part derived from the
extracellular domain of FGFR and the part derived from immunoglobulin Fc region,

other post-translational modifications may also be comprised in the FGFR-Fc fusion
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protein. Such modifications include, but are not limited to, acetylation, carboxylation,
glycosylation, phosphorylation, esterification and acylation. As a result, non-amino
acid component may be comprised in the modified FGFR-Fc¢ fusion protein, for
example polyethylene glycol, lipid, polysaccharide or monosaccharide, and
phosphoric acid. Effect of such non-amino acid components on the function of the
FGFR-Fc fusion protein may be tested as described for other FGFR-Fc fusion protein
variants herein. When FGFR-Fc fusion protein is produced in a cell, post-translational
processing is also possibly important for correct folding and/or protein function.
Special cell machines and unique mechanisms exist in different cells (for example
CHO, HeLa, MDCK, 293, WI38, NIH-3T3 or HEK293) for these post-translational
activities, and different cells may be selected to make sure correct modification and

processing of FGFR-Fc fusion protein.

The fusion protein as described herein may be produced by any method known in
the art. For example, it may be produced by chemical synthesis or from nucleic acid
expression. The peptides used in the present invention may be easily prepared
according to the established standard liquid, or preferably, solid phase peptide
synthesis method known in the art (see, for example J. M. Stewart and J. D. Young,
Solid Phase Peptide Synthesis, 2™ edition, Pierce Chemical Company, Rockford,
Mlinois (1984), in M. Bodanzsky, and A. Bodanzsky, The Practice of Peptide
Synthesis, Springer Verlag, New York (1984)). The fusion protein may be produced
by the techniques known in the art so that one or more intramolecular crosslinkings
may be formed between the cysteine residues located in the polypeptide sequence
expected to be comprised in the protein (see, for example US patent No. 5478925). In
addition, general modifications may be performed to the protein described herein by

adding cysteine or biotin to the C-terminus or N-terminus of the protein.

As used herein, "therapeutically effective amount" or "effective amount" refers to
the dosage which is sufficient to show the benefit to the subject administrated. The

actually administrated dosage, the rate and the time course of administration are
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dependent on the condition of the patient and the severity of the disease. Finally, the
physician is responsible for the prescription (for example decision on the dosage etc.)
and will make a decision for the treatment, usually by considering the disease treated,
individual condition of the patient, position of delivery, the method for administration

and other factors known to the physician.

A series of isolated soluble FGFR-Fc fusion proteins are constructed by the
present inventor, which may bind FGF and effectively inhibit the cell division induced
by FGF. The fusion protein preferably comprises: the part derived from IFS, D2, D3

and immunoglobulin Fc region.

Unexpectedly, it has also been found by the present inventor that the binding of
FGF by the fusion protein is significantly influenced by the length of the part derived
from IFS. Therefore, in some embodiments of the present invention fusion proteins
comprising the parts derived from IFS with various lengths. Preferably, the part
derived from IFS comprises no acidic box, and more preferably, it has the amino acid
sequence corresponding to position 134 to position 162, position 145 to position 162
or position 151 to position 162 of SEQ ID NO: 1. In some preferable embodiments,
the part derived from IFS comprises the fusion protein corresponding to the amino
acid sequence indicated by position 145 to position 162 of SEQ ID NO: 1, which has
extremely high FGF affinity and may particularly effectively inhibit the cell division
induced by FGF.

In some embodiments of the present invention, a soluble FGFR-Fc fusion protein
is provided, which comprises: D1, a part derived from IFS, D2, D3 and
immunoglobulin Fc region. Preferably, the part derived from IFS comprises no acidic
box, and more preferably, it has the amino acid sequence corresponding to position
134 to position 162, position 145 to position 162 or position 151 to position 162 of
SEQ ID NO: 1.

In some other embodiments of the present invention, a soluble FGFR-F¢ fusion

protein is provided, which comprises: a part of D1, a part derived from IFS, D2, D3
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and immunoglobulin Fc¢ region. Preferably, the part derived from IFS comprises no
acidic box, and more preferably, it has the amino acid sequence corresponding to
position 134 to position 162, position 145 to position 162 or position 151 to position

162 of SEQ ID NO: 1.

In some other embodiments of the present invention, a soluble FGFR-F¢ fusion
protein is provided, which is composed of: a part derived from IFS, D2, D3 and
immunoglobulin Fc region. Preferably, the part derived from IFS comprises no acidic
box, and more preferably, it has the amino acid sequence corresponding to position
134 to position 162, position 145 to position 162 or position 151 to position 162 of
SEQ ID NO: 1.

In some other embodiments of the present invention, a soluble FGFR-F¢ fusion
protein is provided, which is sequentially composed of, from the N-terminus to the
C-terminus, a part derived from IFS, D2, D3 and immunoglobulin Fc region.
Preferably, the part derived from IFS comprises no acidic box, and more preferably, it
has the amino acid sequence corresponding to position 134 to position 162, position

145 to position 162 or position 151 to position 162 of SEQ ID NO: 1.

In some other embodiments of the present invention, an FGFR-Fc fusion protein
is provided, which may inhibit tumor cells directly or indirectly. Preferably, the
FGFR-Fc fusion protein of the present invention inhibits tumor cells directly. More
preferably, the growth of tumor cells is inhibited by the FGFR-Fc fusion protein of the
present invention by at least 10%, 20%, 30%, 40%, 50%, 80%, 90% and 95% etc. The
tumor cells may be any tumor cells, for example, leukaemia, lung cancer, liver cancer,
head and neck cancer, stomach cancer, bladder cancer, carcinoma of uterine cervix etc.

Particularly, the inhibition is achieved by direct binding to tumor cells.

In some embodiments, the present invention includes use of (1) FGFR-Fc fusion
protein, or (i1) the polynucleotide encoding such fusion protein, in the preparation of
the compositions or medicaments for the treatment of diseases mediated by or related

to angiogenesis. For example, in one embodiment, the present invention includes use
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of (1) FGFR-Fc¢ fusion protein, or (ii) the polynucleotide encoding such fusion protein

in the preparation of the medicaments as an angiogenesis inhibitor.

In some embodiments, the FGFR-Fc fusion protein according to the present
invention may be produced by the expression of the nucleotide sequence as indicated
by any one of SEQ ID NOs: 16-22 in a mammalian cell line. In particular, the

mammalian cell line is CHO cell line.

Additionally, in the present invention, the FGFR-Fc fusion protein as described
below is provided, in which a part derived from the extracellular domain of FGFR

may be fused with the immunoglobulin Fc region with or without a linker.

In some other embodiments, the present invention includes the isolated nucleic
acid molecules encoding the FGFR-Fc¢ fusion protein, and the present invention also
includes use of these molecules in manufacture of a medicament. The nucleic acid
may be recombinant, synthetic or produced by any available methods in the art, and

the method includes cloning by means of using a standard technique.

In some other embodiments, the present invention includes a vector comprising
the isolated nucleic acid molecule of the present invention. The vector may be an
expression vector, in which the nucleic acid is operatively linked to a control
sequence which is able to provide the expression of the nucleic acid in a host cell. A
plurality of vectors may be used. For example, suitable vectors may include virus (for
example poxvirus, adenovirus, baculovirus etc.); yeast vector, bacteriophage,

chromosome, artificial chromosome, plasmid, cosmid.

In some embodiments, the present invention further includes the cells transfected
by these vectors so that the FGFR-Fc fusion protein is expressed. The host cell
suitable for the present invention may be prokaryotic cell or eukaryotic cell. They
include bacteria, for example E. coli, yeast, insect cell and mammalian cell. The
mammalian cell lines that may be used include, but are not limited to, Chinese
Hamster Ovary (CHO) cell, baby hamster kidney cell, NSO mouse myeloma cell,

monkey and human cell lines, and derivate cell lines thereof, etc.
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In another aspect of the present invention, a method for angiogenesis inhibition is
provided, comprising administrating the FGFR-Fc fusion protein of the present
invention to the subject in need thereof. Preferably, the method is carried out in the

mammals.

In another aspect of the present invention, a method for binding FGF in vitro or in
vivo s provided, which comprises contacting FGF to the fusion protein according to

the present invention.

In another aspect of the present invention, a method for the treatment or
prevention of tumors in the mammals is provided, which comprises administrating the
FGFR-Fc fusion protein of the present invention to the subject in need thereof, and

preferably, the tumor is a solid tumor.

In another aspect of the present invention, a method for the treatment or
prevention of ophthalmic angiogenesis-related diseases in the mammals is provided,
which comprises administrating the FGFR-Fc fusion protein of the present invention
to the subject in need thereof, and preferably, the ophthalmic angiogenesis-related

disease is age-related macular degeneration.

The present invention also relates to use of the FGFR-Fc fusion protein in the
preparation of medicaments for angiogenesis inhibition. Additionally, the present
invention also relates to use of the FGFR-Fc¢ fusion protein in the preparation of
medicaments for the treatment or prevention of angiogenesis-related diseases, and
preferably,  angiogenesis-related  diseases are tumors or  ophthalmic

angiogenesis-related disease.

The angiogenesis-related diseases as described in the present invention include,
but are not limited to, angiogenesis-dependent cancers, comprising, for example, solid
tumor, hematogenic tumor (for example leukaemia) and tumor metastasis; benign
tumor, for example, angioma, acoustic neuroma, neurofibroma, trachoma and

pyogenic granuloma; rheumatoid arthritis; psoriasis; rubeosis; Osler-Webber
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Syndrome; myocardial angiogenesis; plaque neovascularization; telangiectasia,

hemophiliac joint and angiofibroma.

In some embodiments of the methods described, one or more FGFR-Fc¢ fusion
proteins may be administrated together (simultaneously) or at a different time
(sequentially). Additionally, the fusion protein may be administrated together with

additional medicament used for cancer treatment or angiogenesis inhibition.

In some embodiments, the method disclosed in the present invention may be used
alone. Alternatively, the subject method may be combined with other conventional
anticancer therapies for the treatment or prevention of proliferative diseases (for
example tumor). For example, these methods may be used for the prevention of
cancers, the prevention of cancer relapse and postoperative metastasis, and may be
used as a supplement for other cancer therapies. As disclosed in the present invention,
the effectiveness of conventional cancer therapies (for example, chemotherapy,
radiotherapy, phototherapy, immunotherapy and operation) may be enhanced by using

target polypeptide therapeutic agents.

In ophthalmology, angiogenesis is related to, for example, diabetic retinopathy,
retinopathy of prematurity, age-related macular degeneration, corneal transplantation
rejection, neovascular glaucoma and RLF (retrolental fibroplasia). The FGFR-F¢
fusion protein disclosed herein may be administrated inside the eye or by other routes.
Other diseases related to angiogenesis in ophthalmology include, but not limited to,
epidemic keratoconjunctivitis, Vitamin A deficiency, contact lens overwear, atopic
keratitis, superior limbic keratitis, pterygium keratitis sicca, sjogren, acne rosacea,
phlyctenosis, syphilis, Mycobacteria infection, lipid degeneration, chemical burn,
bacterial ulcer, fungal ulcer, Herpes simplex infection, Herpes zoster infection,
protozoan infection, Kaposi sarcoma, Mooren ulcer, Terrien’s marginal degeneration,
mariginal keratolysis, rheumatoid arthritis, systemic lupus, polyarteritis, trauma,
Wegeners sarcoidosis, Scleritis, Steven's Johnson disease, periphigoid radial

keratotomy and comeal graph rejection, sickle cell anemia, sarcoid, pseudoxanthoma
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elasticum, Pagets disease, vein occlusion, artery occlusion, carotid obstructive disease,
chronic uveitis/vitritis, mycobacterial infections, Lyme's disease, systemic lupus
erythematosis, retinopathy of prematurity, Eales disease, Bechets disease, infection
resulting in retinitis or choroiditis, presumed ocular histoplasmosis, Bests disease,
myopia, optic pit, Stargarts disease, pars planitis, chronic retinal detachment,
hyperviscosity syndromes, toxoplasmosis, trauma and post-laser complication.Other
diseases include, but not limited to, rubeosis (neovasculariation of the angle) related
diseases and diseases induced by abnormal hyperplasia of the fibrous blood vessel or

fibrous tissue, including all kinds of proliferative vitreoretinopathy.

Administration

The fusion protein of the present invention may be administrated alone, but
preferably, as a pharmaceutical composition which usually comprises a suitable
pharmaceutical excipient, diluent or carrier selected according to the intended
administration route. The fusion protein may be administrated to the patient in need
thereof by any suitable route. A precise dosage will be dependent on many factors,

including exact properties of the fusion protein.

Some suitable administration routes include (but are not limited to) oral, rectal,
nasal, topical (including buccal and sublingual), subcutaneous, vaginal or parenteral
(including subcutaneous, intramuscular, intravenous, intracutaneous, intrathecal and

extradural) administration.

For intravenous injection and injection at the focal site, active ingredients are
present in the form of a parenterally-acceptable aqueous solution, which is free of

pyrogen and has appropriate pH value, isotonicity and stability.

A suitable solution may be well formulated by the skilled one in the art using, for
example, isotonic excipients such as sodium chloride injection, Ringer's injection,

Ringer's lactate injection. As required, preservative, stabilizer, buffering agent,
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antioxidant and/or some other additives may be added. The pharmaceutical
composition orally administrated may be in a form of tablet, capsule, powder or oral
liquid etc. Solid carrier, such as gelatin or adjuvant, may be comprised in a tablet.
Liquid pharmaceutical composition usually comprises liquid carrier, such as water,
petroleum, animal or vegetable oil, mineral oil or synthetic oil. Also included may be
normal saline solution, glucose or other sugar solutions or glycols such as ethylene

glycol, propylene glycol or polyethylene glycol.

Examples of the techniques and schemes as mentioned above and other
techniques and schemes as used according to the present invention may be found in

Remington's Pharmaceutical Sciences, 16th edition, Oslo, A. (ed), 1980.

Cloning of the fusion protein and construction of the expression plasmid

The FGF receptor fragment are obtained from the amplification of the cDNA
template of corresponding receptor through PCR, and IgG1 Fc fragment is obtained
from the cDNA amplification of the human-derived IgG1 through PCR. When PCR
primers are designed, linking sequences are introduced between different fragments so
that these different fragments may be finally linked by overlap PCR to form reading
frames for different fusion proteins, and endonuclease BspE I and Pst I site are added
to both ends of the cDNA. The cDNAs for different fusion proteins may be cloned to
the expression plasmid after digestion by BspE I and Pst 1. The plasmid after cloning
may be determined by endonuclease digestion, electrophoresis and finally DNA

sequencing.

Expression and purification of the fusion protein

The present fusion protein may be expressed and purified by techniques
commonly used in the art. DNA from corresponding fusion protein plasmid was

purified using plasmid purification kit (MAX) available from Qiagen, and the
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concentration of plasmid DNA was determined using UV spectrophotometry, and the
plasmid was transfected to CHO cell using FUGENE 6 liposome (Roche). Specific
method for transfection was performed according to the specification of the product.
Based on the expression amount required for the proteins, two methods were
employed in the present invention for protein expression: (1) transient expression, in
which the fusion protein contained culture supernatant was usually harvested 48-72 h
after transfection, and the relative content of the fusion protein was then determined
using human IgG ELISA so that the fusion protein may be rapidly and efficiently
obtained; (2) establishing a stable cell line and producing the common
DHFR-defective CHO cell expression system using the recombinant protein
medicament expression, the basic process of which includes cell transfection,
selection of stably transfected cell, clone screening, stress amplification, culture
medium and process optimization etc., and finally realizing a large-scale suspension
culture of CHO engineering cell strain in a serum free culture medium. The culture
product was collected and the fusion protein was purified using Protein A affinity
column. The purified protein was analyzed by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE), and subsequently all eluates in which the required
expression product was contained were combined and filtered using a 0.22 pm filter,
and then protein quantification was carried out according to a plurality of methods
such as Lowry protein assay. The volume of CHO cell culture in the present invention
was at a level of 10 L bioreactor, through which the fusion protein obtained after
purification could satisfy the protein amount required in the animal experiments, and

also a basis was established for future scaling-up.

Neutralization of FGF by the fusion protein was validated at a level of protein

After the fusion protein expressed by CHO was obtained, the binding capacity of
the fusion protein to FGF is evaluated in the present invention at a level of protein.

Binding experiment and affinity experiment were performed for validation in the
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present invention, in which steps of the binding experiment included: after initially
coated by FGF-2 on a 96-well ELISA plate, the coated well was blocked by BSA
followed by adding each fusion protein at the same concentration, and then a
secondary antibody to human IgG Fc-HRP was added after washing, and the samples
were developed, stopped and read at 450nm on a ELISA plate, and finally the fusion
protein which had binding capacity to FGF-2 was screened based on the signal
strength. The affinity experiment was performed in order to determine the affinity of
the fusion protein to FGF-2 in the solution system, which comprised the following
steps: FGF-2 was initially coated on a 96-well ELISA plate to capture the antibody,
and then the coated well was blocked by BSA, and subsequently a mxiture of the
fusion protein and FGF-2 which was previously prepared and incubated were added
with a gradient of diluted standards, and after incubation, an HRP-labeled detection
antibody was added (using antibody 2 which specifically detected free VEGF or
FGF-2), and subsequently the samples were developed, stopped and read at 450nm on
a ELISA plate, and finally the relative concentration of free FGF-2 was detected in the
mixture of the fusion protein and FGF-2. Through the experiments above, the fusion

protein having a blocking effect on FGF-2 was screened.

Neutralization of FGF by the fusion protein was validated at a cellular level

After the binding capacity of the fusion protein to FGF-2 was determined at a
level of protein, its angiogenesis-inhibiting effect will be further validated at a cellular
level in the present invention. The inhibition capacity of the fusion protein on the
division and migration of the vascular endotheliocyte is examined by the division test
using human umbilical vein endothelial cell (HUVEC) and the HUEVC cell migration
test. The inhibition capacity of the fusion protein on the division of HUVEC cell can
be examined by the HUVEC cell division test, which comprises the following steps
during the experiment: 3000 HUVEC cells/well were inoculated to a 96-well plate

and cultured at 37°C in an incubator supplemented with 5% CO,, and then FGF-2 as
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well as a mixture of the fusion protein at different concentrations with FGF-2 are
added respectively, and after culturing for another 3-4 days, 10% CCK-8 is added and
cultured for 2 h before the sample is read at 450 nm on a ELISA plate. The inhibition
capacity of the fusion protein on the division of vascular endotheliocyte induced by
FGF-2 was evaluated based on the difference of absorbance, and the median effective
concentration of the fusion protein was obtained for FGF-2 inhibition. The inhibition
capacity of the fusion protein on HUVEC cell migration was examined by the
HUVEC cell migration test, which comprises the following steps during the
experiment: 50000 HUVEC cells as well as the fusion protein at various
concentrations were initially inoculated in the upper chamber, while 600 pL. FGF-2
containing culture liquid was added into the lower chamber, and subsequently, the
sample was cultured at 37°C in an incubator supplemented with 5% CO; for 20-24 h
before cells on the face side of the membrane of the upper chamber were removed,
and then cells on the back side of the membrane were fixed, stained and washed with
PBS before observed and counted under an inverted microscope. The migration of
HUVEC cells induced by the stimulation of FGF-2 was demonstrated by counting the
HUVEC cells on the back side of the membrane, and the inhibition capacity of the
fusion protein on the migration of the vascular endotheliocyte was tested by adding
the fusion protein at various concentrations into the culture liquid. Through the
experiments mentioned above, the inhibition capacity of the new fusion protein
constructed in the present invention was validated on the division and migration of the
vascular endotheliocyte induced by FGF-2, which also provided a basis for future

animal experiments.

Tumor growth-inhibiting capacity of the fusion protein was validated by the tumor

model

After the blocking effect of the new fusion protein in the present invention on

FGF-2 signal was demonstrated by experiments at a protein level and a cellular level,
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its anti-tumor capacity would be tested in animal tumor models in the present
invention. In the present invention, the anti-angiogenesis and anti-tumor effect of the
fusion protein would be validated by models commonly used in searching
medicaments for angiogenesis and tumor, for example, LLC mouse lung cancer, U87
gliocytoma, B16 melanoma and so on. In animal experiments, in addition to
conventional control groups, control medicaments, such as VEGF-Trap, FP-1039,
would also be included so as to obtain comparative data for anti-tumor capacity.
During experiments, 100 pL tumor cell liquid with appropriate amount was
subcutaneously injected into C57 mouse on one side of the back, and the tumor
volume was measured with a vernier caliper twice a week. Upon the tumor grew to
about 200 mm’, the fusion protein at various concentrations was subcutaneously
injected and the mice were sacrificed after 2-3 weeks. Subsequently, the tumor
volume was measured with a vernier caliper, and the anti-tumor effect of the fusion
protein was validated by the size of the tumor. Furthermore, individual tumor tissue
was analyzed using methods such as immunohistochemistry to investigate the

regulation mechanism of angiogenesis.

Examples

Example 1: Construction of recombinant expression plasmid for FGFR1-Fc fusion

protein

The FGF receptor fragment is obtained from the amplification of the cDNA
templet of FGF receptor through PCR, and IgG1 Fc fragment is obtained from the
cDNA amplification of the human-derived IgG1 through PCR. A commercially
available cDNA (PCR Ready First Strand ¢cDNA, derived from human adult colon
cancer tissue, BioChain) was used as the template for FGFR1 fragment. Total RNA
was extracted from the blood of healthy human subjects using human blood RNA
extraction kit (QIAGEN). According to the manufacturer's instruction of reverse

transcription kit (Promega), RT-PCR was performed using M-MLV reverse
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transcriptase (Promega) so that RNA was reversely transcripted to cDNA which was
used as the template for I[gG1 Fc fragment. RT-PCR was performed according to the
manufacturer's instruction of reverse transcription kit, which has the following steps:
Oligo dT, dNTP, total RNA and DEPC H20 were mixed homogeneously and reacted
at 70°C for 10 min before placed on ice for 5 min, and subsequently RNase inhibitor,
M-MLYV reverse transcriptase and reaction buffer were added. The mixture was
reacted at 42°C for 1 h and subsequently at 70°C for 15 min, and the cDNA obtained

may be used as the template.

Various FGFR1 fragments were individually amplified by PCR using the cDNA
from human adult colon cancer tissue as the template (the primers were listed in table
1), and IgG1 Fc fragment was amplified by PCR using human blood cDNA as the
template (the primers were listed in table 1 and 2). The reaction conditions for the
PCR were as follows: 5 min of pre-denaturalization at 98°C, total 30 cycles of 30 s of
denaturalization at 98°C, 45 s of annealing at 56°C and 2 min of extension at 72°C,
and finally another 10 min of extension. When PCR primers were designed, 20 or
more complementary base sequences were introduced as the linking sequence
between FGFR1 fragment and IgGl Fc fragment so that the FGFR1 fragment and
IgG1 Fc fragment may be subsequently linked by overlap PCR to form reading frames
for different fusion proteins, and at the same time, restriction endonuclease BspE 1

and Pst I site were added at both ends of the PCR product.

Subsequently, overlap PCR was carried out to obtain each FGFRI1-Fc fusion
protein fragment by amplification. The process of the overlap PCR reaction may be
divided into two rounds, in which the fragment required for linking and containing no
primer was included in the first round with reaction conditions as follows: 5 min of
pre-denaturalization at 98°C, 6 cycles of 30 s of denaturalization at 98°C, 45 s of
annealing at 56°C and 5 min of extension at 72°C, and finally another 10 min of
extension at 72°C; after the first round, the second round of PCR was carried out by

adding the primers for both ends with reaction conditions as follows: 5 min of
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pre-denaturalization at 98°C, 30 cycles of 30 s of denaturalization at 98°C, 45 s of

annealing at 56°C and 2 min of extension at 72°C, and finally another 10 min of
extension at 72°C; through the process above, reading frames for different fusion
proteins were spliced, and at the same time, restriction endonuclease BspE I and Pst I

site were added at both ends of the cDNA.

After amplification, the fragments amplified by PCR were purified using
QIAquick PCR purification kit (QIAGEN). cDNAs of various fusion proteins and the
eucaryotic expression plasmid pSV2-dhfr (ATCC) were digested by BspE I and Pst I,
respectively. Subsequently, 1% agarose gel electrophoresis was performed on the
digested samples under a voltage of 90 V. Target fragments were recovered using
QIAquick gel extraction kit (QIAGEN) before ligating at 16°C for 1 h using a ligase
(NEB). The mixture for ligation reaction was transformed to the competent Top10 £.
coli under the conditions of 90 s of reaction at 42°C followed by 3 min of standing on
ice. After the sterile LB culture broth (free of antibody) added, the mixture was
shaken at 250 rpm in a shaker at 37°C for 1 h before coating on a LB plate
supplemented with ampicillin. The plate was cultured overnight in a thermostated
incubator at 37°C, and then single colonies were picked out and transferred to an
ampicillin-containing LB culture broth. The inoculated culture broth was shaken at
250 rpm in a shaker at 37°C overnight before the plasmid was extracted using alkaline
lysis. Subsequently, the sample was digested by restriction endonuclease before
evaluated by 1% agarose gel electrophoresis under a voltage of 90 V. The
recombinant plasmid with correct endonuclease digestion was confirmed by DNA
sequencing. Based on the steps above, 19#, 13#, 22#, 23#, 26#, 29# and 8# expression
plasmid for FGFR1-Fc fusion protein were constructed. The protein sequence of
FGFRI1-Fc¢ in each fusion protein and its encoding nucleotide sequence were listed in

Table 3. The schematic diagram of the fusion protein structure was shown in Fig. 1.

Table 1: Primers used for amplification of FGFR1 fragment

Fusion Upstream primer Downstream primer
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protein

19# 194-FGFR1For (SEQ ID NO: 24) FGFR1Rev (SEQ ID NO: 31)
TAGTTCCGGAAGGCCGTCCCCGACCTTGCCTG GTTTTGTCCTCCAGGTAC

AGGGGCGAGGTC

13# 13#-FGFR1For (SEQ ID NO: 25) FGFR1Rev
TAGTTCCGGAAAAAATCGCACCCGCATCACAG

22# 22#-FGFR1For (SEQ ID NO: 26) FGFR1Rev
TAGTTCCGGAGTAACCAGCAGCCCCTCGGGC

23# 23#-FGFR1For (SEQ ID NO: 27) FGFR1Rev
TAGTTCCGGATCCTCTTCAGAGGAGAAAGAAAC

26# 26#-FGFR1For (SEQ ID NO: 28) FGFR1Rev
TAGTTCCGGAAAACCTAACCCCGTAGCTCCAT

29# 29#-FGFR1For (SEQ ID NO: 29) FGFR1Rev
TAGTTCCGGACCATATTGGACATCCCCAGAAAAG

8# 8#-FGFRI1For (SEQ ID NO: 30) FGFR1Rev
CTAGCTCCGGACCAGAAAAGATGGAAAAGAAATTGC

Table 2: Primers used for amplification of IgG1 F¢ fragment

Upstream primer

Downstream primer

IgG1 Fc fragment

FcFor (SEQ ID NO: 32)

CTGTACCTGGAGGACAAAACTCACACATGC

FcRev (SEQID NO: 33)

GATATCTGCAGTCATTT

ACCCGGAGACAGG

Table 3: Protein sequences and nucleotide sequences for FGFR1-Fc fusion proteins

Fusion protein

Upstream primer

Downstream primer
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19# SEQID NO: 9 SEQ ID NO: 16
13# SEQ ID NO: 10 SEQID NO: 17
224 SEQID NO: 11 SEQ ID NO: 18
23# SEQ ID NO: 12 SEQID NO: 19
206# SEQID NO: 13 SEQ ID NO: 20
294 SEQ ID NO: 14 SEQID NO: 21
8# SEQID NO: 15 SEQ ID NO: 22

Example 2: Transient expression and quantification of the fusion proteins

The DNA of individual fusion protein plasmid was purified using MAX Plasmid
Purification Kit (Qiagen). The concentration of the plasmid DNA was determined by
UV spectrophotometry. 1 pg recombinant plasmid and 6 uL liposome (FuGENE 6
Transfection Reagent, Roche) were homogeneously mixed into 100 uL fresh IMDM
culture broth (GIBCO); after standing for 15 min, the mixture was added to the CHO
cells (ATCC) cultured overnight after inoculation at a cell density of 3x10°/mL into a
6-well plate; the mixture was cultured at 37°C in an incubator supplemented with 5%
CO, for 48 h with a cell complete culture broth IMDM medium containing 10% FBS,
1% HT and 1% glutamine, all supplied by GIBCO); subsequently, the supernatant
was collected and determined for the relative content of the fusion protein using
human IgG ELISA kit for protein quantification (BETHYL). The relative content of
the fusion protein expressed and secreted by CHO was determined with the following
steps: 100 pL anti-human IgG-Fc¢ protein (10 ug/mL) purified by affinity was coated
to a 96-well ELISA plate (IMMULON) and subsequently washed for 5 times using
300 uL PBST washing solution; each coated well was blocked with 200 L freshly
prepared blocking working solution (blocking stock solution : PBS=1: 19) and
incubated at 37°C for 1 h; after washed in 300 uL. PBST washing solution for 5 times,

100 pL IgG solution diluted in a gradient (200 ng/mL original concentration and
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diluted by PBS in the multiple proportion of 1: 2) as a standard and 100 pL culture

supernatant of each fusion protein diluted in a gradient (starting with the
concentration of each culture supernatant, and diluted by PBS in the multiple
proportion of 1: 5) were added to each well and incubated at 37°C for 2h; after
washed in 300 pL PBST washing solution for 5 times, 100 pL anti-human IgG
Fc-HRP secondary antibodies diluted with PBS in a ratio of 1: 10000 was added and
incubated at 37°C for 1h; after washed, the well was developed by adding 100 pL
developing solution (KPL); finally, after the development was stopped by adding 100
uL stopping solution (KPL), the absorbance of the ELISA plate was read at a
wavelength of 450 nm on a ELISA reader. The concentrations of various fusion

proteins may thereby be determined according to the standard curve.

Example 3: Binding of the fusion proteins

The binding capacity of 19#, 13#, 22#, 23#, 26#, 29# and 8# fusion protein
constructed above to FGF-2 was detected by ELISA. Initially, a 96-well ELISA plate
(IMMULON Company) was coated by 100 uL. solution containing 50 ng/mL FGF-2
(R&D Systems) as well as containing 100 ng/mL heparin (Sigma Company) and 50
ng/mL FGF-2. Subsequently, the plate was washed by 300 uL. PBST washing solution
for 5 times before each coated well was blocked by 200 uL freshly prepared blocking
working solution (KPL Company) (blocking stock solution : PBS = 1:19) and
incubated at 37°C for 1 h. After washed in 300 uL. PBST washing solution for 5 times,
100 pL solutions of various fusion proteins (dissolve in PBS, pH=7.2, concentration
of 20 ng/ml) were added and incubated at 37°C for 2 h. After washed in 300 uL. PBST
washing solution for 5 times, 100 puL secondary antibody to human IgG Fc-HRP
(BETHYL Company) diluted with PBS in a ratio of 1:10000 was added and incubated
at 37°C for 1h. After washed in 300 uL. PBST washing solution for 5 times, the well
was developed to the presence of color at room temperature in a dark place by adding

100 pL. developing solution (KPL Company), and finally the development was
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stopped by adding 100 uL stopping solution (KPL Company) before the absorbance

of the ELISA plate was read at a wavelength of 450 nm on a ELISA reader. The
higher the binding capacity of the fusion protein to FGF2 was, the larger the
absorbance was and the stronger the signal was. Based on the strength of the signal,
26# fusion protein was determined to have the highest binding capacity to FGF-2.
Comparison of FGF-2 binding among various fusion proteins was shown in Fig. 2. It
can be seen from Fig. 2 that 19#, 13#, 22# 23# 26# and 29# fusion protein
constructed in the present invention bound to FGF at different extents in the presence
of heparin, and particularly, the binding extent of 23#, 26# and 29# was extremely
higher than control, and higher than that of 19#, 13# and 22#, indicating that the
fusion proteins containing no acidic box according to the present invention had
excellent effect. Among others, especially high binding extent was demonstrated by
26#, which presented us a clue that the fusion protein of the present invention had
significantly better binding effect when comprises a part of certain length derived

from the intermediate functional sequence of the Ig-like domain of FGFR.

Example 4: Stable expression and purification of the fusion proteins

DHFR-defective CHO cells (ATCC) were transfected by the recombinant
expression plasmid of 26# fusion protein (possessing a high FGF-2 binding capacity)
through a liposome (Roche). Particularly, 5 yug recombinant plasmid and 30 pL
liposome (FUGENE 6 Transfection Reagent, Roche) were homogeneously mixed into
100 pL fresh IMDM culture broth (GIBCO); after standing for 15 min, the mixture
was added to the DHFR-defective CHO cells (ATCC) cultured overnight after
inoculation at a cell density of 3x10°/mL in a 10 cm culture dish (Corning); the
mixture was cultured at 37°C in an incubator supplemented with 5% CO, for 2-3 days
with a cell complete culture broth containing 10% FBS, 1% HT and 1% glutamine in
a IMDM culture medium (all supplied by GIBCO), subsequently, the cells were
digested by trypsin (GIBCO), inoculated at a cell density of 3x10°/mL in 30 mL
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serum-free 302 culture medium (SAFC) in a flask, and selectively cultured at 37°C in
an incubator supplemented with 5% CO, at 100 rpm to a cell density of 10%mL.
Subsequently, 3000 cells were inoculated into a 10 cm culture dish (Corning) (the
culture broth containing 10% FBS and 1% glutamine in an IMDM culture medium)
and cultured at 37°C in an incubator supplemented with 5% CO, to form single clones.
These single clones were picked out and cultured in a 96-well plate (Corning). The
relative content of the fusion protein expressed and secreted by each individual single
clone was determined using a human IgG ELISA kit for protein quantification
(BETHYL) under the same conditions and steps as described in Example 2 for the
determination of the relative content of the fusion protein. The clone with the highest
expression amount was screened out and transferred to a 6-well plate for culturing to a
confluence rate of about 70%. The cells were digested by trypsin and transferred to a
10 cm culture dish. Subsequently, gradual stress amplification was carried out by
adding methotrexate (MTX, Sigma) with various concentrations (10 nM, 20 nM, 50
nM, 100 nM, 200 nM and 500 nM). After stress amplification, the cells were digested
by trypsin and inoculated at a cell density of 3x10°/mL in a flask. The expression
amount of a single cell was determined so that genetically engineered stains of CHO
were obtained for expressing a particular fusion protein. Finally, large-scale
suspension culture (volume of 10L) of the genetically engineered stain of CHO was
carried out at 37°C, 5% CO,, 40% dissolved oxygen and 80 rpm in a serum-free 302
culture medium (pH 7.0, SAFC). The culture product was collected by centrifugation.
After the supernatant was filtered using 0.45 um filter membrane (Millipore), affinity
chromatography was performed according to the instruction manual of Protein A
affinity column (GE) with the specific steps as follows: initially, a protein A affinity
column was equilibrated by a PBS buffer (pH 7.0); subsequently, the supernatant was
loaded on the column and washed again with the PBS buffer; finally, the column was
eluted with a citric acid buffer (pH 3.0), and the eluent was collected and filtered by a
0.45 um filter membrane. After virus inactivation by adding S/D (0.3% tributyl

phosphate/1% Tween 80) at 24°C for 6 h, the target protein was further purified by a
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molecular sieve chromatography with the following steps: first, the eluent obtained
from the Protein A affinity chromatography was dialyzed in a dialysis bag against a
PBS buffer; subsequently, the sample was concentrated in a 10 KD ultrafiltration cup
(Millipore); the sample concentrated using the ultrafiltration cup was then loaded on a
molecular sieve chromatography column Superdex 200 (GE) equilibrated by a PBS
buffer, and subsequently the column was eluted with a PBS buffer and the eluting
peak was collected. The purified protein was analyzed by SDS-PAGE (Fig. 3); and
subsequently, the eluates containing the required expression product was combined
and filtered with a 0.22 um filter membrane (Millipore) before the protein content was

determined using many methods such Lowry protein assay.

Example 5: Gradient-binding experiment of the fusion proteins

The binding capacities of the fusion proteins as constructed above to FGF-2 were
detected by ELISA, similarly as in Example 3. Initially, a 96-well ELISA plate was
coated by 100 pL solution containing 50 ng/mL FGF-2 (R&D Systems). Subsequently,
the plate was washed in 300 uL. PBST washing solution for 5 times before each
coated well was blocked by 200 L freshly prepared blocking working solution (KPL)
(blocking stock solution : PBS = 1: 19) and incubated at 37°C for 1 h. After washed in
300 uL PBST washing solution for 5 times, 100 pL solutions containing various
fusion proteins at different concentrations (the starting content of protein was 16000
pM, and was diluted in a ratio of 1: 3) were added and incubated at 37°C for 2 h.
After washed in 300 pL PBST washing solution for 5 times, 100 puL anti-human IgG
Fc-HRP secondary antibody (BETHYL) diluted with PBS in a ratio of 1: 10000 was
added and incubated at 37°C for 1 h. After washed in 300 uL. PBST washing solution
for 5 times, the well was developed by adding 100 uL developing solution (KPL), and
finally the development was stopped by adding 100 pL stopping solution (KPL)
before the absorbance of the ELISA plate was read at a wavelength of 450 nm on a

ELISA reader. Based on the intensity of the signal, the gradient binding capacities of
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the fusion proteins to FGF-2 were determined. In the experiment procedure mentioned
above, specific conditions and steps may be found in Example 3. Gradient binding of
26# fusion protein to FGF-2 was compared in Fig. 4. It can be seen that the binding
capacity of 26# fusion protein to FGF-2 was dose-dependent. It has been suggested by
this example that the binding capacity to FGF-2 increased with an enhanced molar
concentration of 26# fusion protein, manifested by a stronger signal at a wavelength
of 450 nm; while the binding capacity to FGF-2 decreased correspondingly with a

gradient dilution of the molar concentration of 26# fusion protein.

Example 6: Affinity experiment of the fusion proteins

The affinity of the fusion protein to FGF-2 in a solution system was determined
by an affinity experiment. Initially, a 96-well ELISA plate was coated by 100 uL
solution containing 2.0 ug/mL FGF-2 capture antibody (R&D Systems). Subsequently,
the plate was washed in 300 uL. PBST washing solution for 5 times before each
coated well was blocked by a blocking working solution (KPL) (as seen in Example 3)
and incubated at 37°C for 1 h. After washed in 300 pL. PBST washing solution for 5
times, previously prepared and incubated (4 °C overnight) mixture of the fusion
proteins and FGF-2 as well as the standard (R&D Systems) diluted in a gradient were
added, in which the specific preparation procedure was as follows: the starting
concentration of 26# fusion protein was 400 pM (dissolved in PBS) and diluted in a
gradient ratio of 2-fold, and the solutions of the fusion protein were 1: 1 mixed with
20 pM FGF-2 solution (dissolved in PBS), and that is, the starting final concentration
of each fusion protein was 200pM, and the final concentration of FGF-2 was 10 pM in
the mixture solution prepared. The plate was incubated at 37°C for 2 h and washed in
300 uL PBST washing solution for 5 times before 100 uL. FGF-2 detection antibody
solution (250 ng/mL) was added (R&D systems, which may specifically detect free
antibodies against FGF-2). The plate was incubated at 37°C for 2 h and washed in 300

ulL PBST washing solution for 5 times, and subsequently, HRP labeled streptavidin
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(R&D systems) was added (diluted by PBS in 1: 200). The plate was incubated at

37°C for 2 h and washed in 300 uL. PBST washing solution for 5 times before the well
was developed at room temperature in a dark place for an appropriate duration (about
15-30 min) by adding 100 pL developing solution (KPL). Finally, after the
development was stopped by adding 100 pL stopping solution (KPL), the absorbance
of the ELISA plate was read at a wavelength of 450 nm on a ELISA reader. The
relative concentration of free FGF-2 in the mixture of the fusion protein and FGF-2
was determined. The affinity between 26# fusion protein and FGF-2 in a solution
system can be seen in Fig. 5. As demonstrated in this Example, 26# fusion protein had
high affinity to FGF-2 in a solution system. The affinity increased with an enhanced
concentration, which is manifested as a decreased amount of free FGF-2 with an
enhanced concentration of the fusion protein. The affinity between 26# fusion protein
and FGF-2 in a solution system can be seen in Fig. 5. As demonstrated in this
Example, 26# fusion protein had affinity to FGF-2 in a solution system. The affinity
increased with an enhanced concentration, which is manifested as a decreased amount

of free FGF-2.

Example 7: Inhibitory test for division on human umbilical vein endothelial cell

The inhibitory ability of the fusion proteins on the division of wvascular
endothelial cells was examined in a division test for human umbilical vein endothelial
cell (HUVEC). HUVEC cells (AllCells) were cultured to the exponential growth
phase in an HUVEC complete medium (AllCells) at 37°C in an incubator
supplemented with 5% CO,. HUVEC cells were counted after digested by trypsin.
3000 HUVEC cells were inoculated per well in an HUVEC basal medium containing
1% FBS (AllCells) in a 96-well plate. The plate was cultured overnight at 37°C in an

incubator supplemented with 5% CO,.

100 puLL FGF-2 (R&D Systems) solution (final concentration of 5 ng/mL) diluted
by an HUVEC basal medium containing 1% FBS, as well as 100 pl. mixture of
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various amount of 26# fusion protein and FGF-2 (in which the final concentration of
the fusion protein was 40 pM, diluted in an HUVEC basal medium containing 1%
FBS with a ratio of 1:10, and the final concentration of FGF-2 was 5 ng/mL) were
added and cultured for another 3-4 days. Subsequently, the culture medium was taken
out and a culture medium containing 10% CCK-8 (DOJINDO) was added for another
2 h of culture before the absorbance of the 96-well plate was read directly at a
wavelength of 450 nm on an ELISA reader. Based on the difference of the absorbance,
the inhibitory ability of the fusion protein on the division of vascular endothelial cells
induced by FGF-2 was determined. The effect of the fusion protein on HUVEC cell
division induced by FGF-2 was shown in Fig. 6. As demonstrated in this Example,
26# fusion protein has biological activity and function at the cellular level, which can
inhibit HUVEC cell division induced by FGF-2, and has the binding capacity to
FGF-2. Such binding capacity increases as the molar concentration of 26# fusion

protein increases, which is indicated by the inhibition of HUVEC cell division

induced by FGF-2.

The present invention has already been illustrated by specific examples.
However, it will be appreciated by a person of ordinary skill in the art that the present
invention is not limited to each specific embodiments. Various changes and
modifications may be made by a person of ordinary skill under the scope of the
present invention, and each technical feature mentioned in the specification may be
combined without departing from the spirit and scope of the invention. Such changes

and modifications fall into the scope of the present invention.
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CLAIMS

1. Anisolated soluble fusion protein of fibroblast growth factor receptor (FGFR),
comprising: a part derived from the FGFR extracellular domain and an immunoglobulin Fc
region, wherein the part derived from the FGFR extracellular domain consists of an amino
acid sequence corresponding to positions 1-241 of SEQ ID NO: 12, positions 1-230 of SEQ
ID NO: 13, or positions 1-224 of SEQ ID NO: 14 or encoded by a nucleotide sequence
corresponding to positions 1-723 of SEQ ID NO: 19, positions 1-690 of SEQ ID NO: 20, or

positions 1-672 of SEQ ID NO: 21.

2. Anisolated soluble fusion protein of fibroblast growth factor receptor (FGFR),
wherein said protein consists of an amino acid sequence of any one of SEQ ID NOs: 12-14,
or is encoded by a nucleic acid molecule consisting of a nucleotide sequence of any one of

SEQ ID NOs: 19-21.
3. Anisolated nucleic acid molecule encoding the fusion protein of claim 1 or claim 2.
4. A vector comprising the nucleic acid molecule of claim 3.
5. Acell, optionally a CHO cell, transfected by the vector of claim 4.

6. A pharmaceutical composition, comprising the fusion protein of claim 1 or claim 2,
the nucleic acid molecule of claim 3, the vector of claim 4, or the cell of claim 5, and a

pharmaceutically acceptable carrier.

7. Use of the fusion protein of claim 1 or claim 2, the nucleic acid molecule of claim 3,
the vector of claim 4, or the cell of claim 5 in the manufacture of a medicament for inhibiting

angiogenesis in a mammal.
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8. Use of the fusion protein of claim 1 or claim 2, the nucleic acid molecule of claim 3,
the vector of claim 4, or the cell of claim 5 in the manufacture of a medicament for treating or

preventing a tumor, optionally a solid tumor, in a subject.

9. A method for inhibiting angiogenesis in a mammal in need thereof, comprising
administering an effective amount of the fusion protein of claim 1 or claim 2, the nucleic acid
molecule of claim 3, the vector of claim 4, the cell of claim 5, or the pharmaceutical

composition of claim 6 to the mammal.

10. A method for treating or preventing a tumor, optionally a solid tumor, in a subject,
comprising administering an effective amount of the fusion protein of claim 1 or claim 2, the
nucleic acid molecule of claim 3, the vector of claim 4, the cell of claim 5, or the

pharmaceutical composition of claim 6 to the subject.
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agragecato
qogeacctac
cgegottyct
aggrcaggay
caaaaattat
cagaateect
coagectgay
ARACCCIAPIC
caggagaaca
qutatgeete
tgtegeagat
acgpggggaa
acetgetagt
Adactacess
caadagasag
tetgagetay
ttotetetgt
caritgotga
CCacagyay
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THotagazaa
atcacccaca
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grgggaggct
cggerogyay

tactttiget
fdatazaat
aCtgERRAga
ctoocgaegs
gLaceiioyy
graggaacee
gaccatggat
ctaggaatag
cacgoctgta
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coaggeatag
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atgtgrotge
tgteacotos
cocagatogy
ctiggettet
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grrrvateet
tgctgetact
agogacaces
aggrioctty
cetetenget
catecatgea
gorticctec
CcCacqgggra
atcecageac
gectguecaEa
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aggceggaqgt
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coectotaty
ggctagrett
ccttectgta
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tgetagcaty
gaaatgaats
Tgtazaacay
gatgaagaas
ctatcataat
aagactgege
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Titaaattat
Tearttatct
sogygeecty
taacctotte
gerritggaa
gtagaggege
RAGUAARCCY
gagctacagt
tttgggacac
crragtygaaa
ctgtaatoce
Tgoagtgage
aaaacaaaty
tgggatygt
grattoagst
teoatgtgac
cotgtocaaa
Trrttgges
goartetone
gottataryy
glagggaaaa
tgttggcgac
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tetagetett
tgatgataat
crasaagiet
tacagtagaty

tagetgteas

grictasans
atyaoctgta
gugcraggte
TYoCEaggIc
agtragaazs
TOggCagans
grgmugtigg
gattaagagg
Cgagytgagc
coooatotet
agerooacan
cqgagattgog
argaagetet
TLLgooagy
cootggoito
CAagactatat
ctocatocty
gottggaatt
tegoongtad
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tgggatiget
tatigrazaa
TtEatgitia
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Qeggrygagga
aggyegLygy
gegggyagey
gRLRCLgRaY
gyticaaaat
goCCagacac
atggtgagra
daacaattct
AGCLHCAIYL
atarttatta
atacacatga
#CTHTTACEY €
TERgEcagta
acctginaag
socaatacaa
catactotty

Ygoagttaco
adttcocaty
anaggacttt
gtgoatatar
accgltagety
gaagrigtat
cotgyutact
TLgogagea
grgasaccas
ctgggeagea
tHgTotque
satgaagagl
actcagoooa
gactetagaa
AglacItaa
ATgoogssgn
gacgttactt
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tracoogony
Groggcqoey
CORgLAceqy

toctgotghg
Tadaagatce
tgoareteea
aggasagoga
gragtacttt
atcragergt
glgatacagg

crgasgaaa

gaaagggert
caacagtoas
teatagatgt
rocteaatty
cigatgadaa
ccaacataty
atactigtcg
atgataasge
graagegolc
gottaaaags
cgttaattat
Laasacagie
agattiacga
gagaaatcet
accectgtan
cotttatect
tggoaataat
ttetggaat
gertttatat
aRQgagagga
ggattitact

tggecateas

aagrggttgt
gegaacgaga
gogageagye
COLgrIgoic
toaactgagt
Atgraguuag
AAQEELPIHL
aacetigaas
Acetantica

tagaeettte

g ggagoiogie

t¢canttgas
catearatea
Tgggoattty
¢Caaataage
ractgetace
ARATIAYRGA
ctacagigky
totaaggagt

attcatodcy

Ltaceggere
tgggitaccs
caaggatyta
asatgrgtet
ARAgLCCHty
gactigiace
ceataateat

gatgetgac

agaagganag aa

ctacatiige
Lacagatgig
cotgasacty
geggacagtt

Taadgagcac
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crteotggorg
ggacggactc
cgoategese
agorgtetge
ttaasaggea
gaageageco
ataactaaat
acagetosag
aafadgiagy
gtagagatgt
atteeotygoo
actttgatoo
aatgesacyt
tatasgacas
ACRCLECYCT
acicectiga
gettoogtas
cttactatty
ggaccatoar
grgaascate
ECtatgaasg
grgactgaga
actgaagagyg
AAHRAICCTOA
Toatogtite
gratatggta
teogaageas
ageaacatgy
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atagettoos
ccaaatgngt
tovtgeacag
AATRACALAR
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Page 18

gageegegay
Tggoagalyy
teaccatogt
trotcacagy
CCEagLacat
ataaatyggto
crgoectytey
CAdlLfdcac
RAACAGIIATC
acagtgaaat
goatracgte
crgatggasa
ACASAGHAAT
ACEATCEsae
cagtcaaatt
acacgagagt
gocgacgaat
ACIIJATHCA
tcamatotgt
gaagacaygel
Tgaagaratt
aatergoteg
atgcagogaa
ctgetactct
CRgACCEYE
{fCootoaace
ggtgtgacty

gaaacagaat

ctagracoett ggt

ataaagrigy
ttcatgttaa
Ltaacaagrt
cIFTgLacta

ttaatottac

acgogegete
grogutggec
cagotactog
arctagtica
catgoRagea
titgootgaa
aagaaatyyc
LQgEELOtA
tgcaatcLat
¢eoogaaatt
acetaacate
acgeataate
agggottetyg
acatcgacas
acvtagagge
foaaatgace
tHaccaaage
gaatadagac
TARCACCLER
ggtgettgas
teestegeey
ctattrgact
tratacaatc
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gEitcentye
gaagtoctee
aACCLCIULY
ggtgtenoog
ggaattatiy
gangggtet
creactgiis
THtgtyacty
tertettety
LRggatgage
agactiaaac
geattiggoa
goggeealygy
ggccacoate
atggtaatiy
gacttattt
gagceaggoe
Tttgogaget
tetgacgott
gtygeeagay
agaaacatic
gatatitata
ggagratige
gatgaggact
actootgaaa
agatitocag
pHtaaagact
actootgect
gdaagetetg
agaaccttig
Ageagoacte
aaggectags

gatgtcagea

aagattcagg
AGAIGI IR
atcacacagt
agootragat
Tangacaagy
atoackygran
aaggaancic
cgactetoty
aadtaaagae
agtgtgagog
Tgggcaaato
ttaagasaate
CCAGUGIGER
tgaacgtggt
Ttgaatacty
Ttetoascad
tggascaagy
coggotitoa
Tetataagga
geatggagte
Tretatotgs
agaacoooga
aatetatoty
tgtgogaaat
tttgragteg
totatcagat
aacrigtgga
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rotolgRgga
atgatgtcag
AAGRACTLLL
tgrtgpoete
toaagattiga
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aattacgatg
ggoLateage
cactigatet
Aagoagoacg
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ggacaagtet
Lrggoronta
tgactaccta
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acttggaags
acctacgtge
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taacougoly
Caaatataga
ggatgeagel
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OORAGATAIA
geegatcact
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Tratgtgaga
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cotgagogaa
catgorggac
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acegastgac
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crgooatteg

43625161
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Agagatcagg
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atggaagato
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grglagatit
adaggagata
tacageacoa
guTgggLotc
ggcatgaggs
tgotggoaca
gatttgorio
ctyacaggaa
gasagtattt
gotttcaagt
acetocatgn
dagogertea
ACCAQURARA

agergigage
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ggaatgrata
dagoaccata
Ctttagacty
acaaaataca
asagagtcac
crgtggaaag
tyatcactot
TLRTCCGARR
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Agtiggagtt
gasaagtagt
clgtgaaast
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actacctcaa
ageetasgaa
gegtoacoig
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atagtgggtt
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teatgagoct
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aggtrcanct
gactacaact
attiotagaa
atatataage
atagtgoiny
grgaaganca
coaatgacty
ggagotgeac
acfeagugea
gagtecteta
JREATAYAY
gagagauacy
ftgagogece
gycasgasEsa
gaaglggito
Eactcaacte
gagrtagqtt
grtattaatat
ttagitgiga
catatcaasa
totataceas
acgittoott
agageattag
atttatgeaa
ARgasRALL
gugagacagy
arcgataage
grotgoacet
gggaglagay
Aacegsagsa
tgaagagaty
ctrttgtana
tARILCTASY

Cittacatac

ACgALLacye
cggtagtoct
goacatgigt
ttacapetet
sttty
cractgetaa
cectgotooa
tgateaceca
acaagocegt
geaggectaa
AxaccgEag
gogctcagea
agccaggags
ggacaaatat
LATGLCCAtL
tgageocata

gretecagge
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aagaaagoty
CgRgayctga
ceaaaccaat
tioatttaat
ctggegoata
ggratitete
cattttoaac
graggaasyy
tggctotgtt
tetgeagoea
tatgetteet
tgtatgecte
ggaccgtoat
agacteacta
CAARAYCANY

gradaclacac

tgagetggaa
gtactooace
atttatacee
atotttocat
actaacaaga
atccteatgt
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TAYCCCCAYY
gacatgtaag
aaggeatgag
atgocattee
agarggacag
cttttttoga
ctoattogty
cttttggore
catgatggoe
acttaacte
agaagaatga
tygagoaaaa
Teaccagcac
quagattcea
tTaageactt
cagttgggac

tgetttgaaa cx

gegeootacte
tgatgotatt
gtcagaaget
tttatecatg
tgrtottaty
cageacattc
gocagaagag
ctagageoag

Lgtaacageot
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aggasaateg
CCAnCCRTTE
ccaggasact
gggagceago
atgtaactee
tactcagtgt
coteagggca
accocacty
gatcactgge
gaggasaagg
anagaattiy
agrggelton
cgatgaggyy
actazagoaa
goatgtitry
crotagtaag
tlacatigaa
aattiottgy
aaatgoagte
aggtcaataa
agttgggace
ctatotoaca
taagotectt
tcaggatatt
tgecigag
treagggtet
tatgoaagee
yagaggcas
taatitaacy
tgocacatee
coragtoage
aggagtggoa
AagAYAGYIAC

gucastttta
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agagtttgac

tgottirgt
agatagagaa
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ggoeageeet
tggooigage
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AGACHTACLA
cagorotgac
acatitrelg
attrtagdaad
atttgtagea ¢
atgeactyaa
aatglcacat
tattattoty
crgagyagag
ggtcaagona
caaaacatag
ctaatotgaa
gRgtasassy
agtraatgag
gtctgagoat
adagatcaag
agggtotaty
cagtggatty
gtagaacong
ttgtitaaag
cractygete
cagrootae
aaatcitigr

tasatoaggt

CCEgreesea
acoRagoett
- agtattatge
gattttttta
atagtgacaa
CLYCotaaac
gttigattoa
gragceeaaa
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AAARGCARGY
LHLGEgCacy
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agagtraaaca
atcagataat
T¥tozataat
ageasaacca
tosateeste
acttgtasta
acatgaatta
AALARAGIAC
tggasiggyy
gatgttaaltt
Ajatactege
gtgtasctyt
TELGLgTaty
tatatgorac
tatttgtat
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actgagteooo
cgocgggeat
LoQgraceey
cteaactge
SEQOGEtRQg
ggatgaagag
covotatayy
tacttacaat
actggettLy
gogatggoet
cotacaanty
sttacagate
A CAANAR
cacttigtge

agagoaagas

G055

CAgaaasaag
ageccagean
taattettas
thagaattgt
agtCaaagas
argagotagt
actgataata
gageacttro
Chg3aaceat
Ttagggacoe
tagectoatt
atgtgtgtat
actatrraag
agatataaga
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Bomo sapiens

gugaCeeCyy
cactigogoy
£agacgCoes
ctgegetyog
dgazagaace
CARGULOCLY
Tttgectagt
taaggetaat

gocosataat

aagacctcag
atagtgataa
toattaagag
TartCagete
tggttocate
Tasaaagtge
tiocaatoat
trteagagtt
gtgraagtet
grgcottgtt
Yaaattgaty
grgtotgtgt
gasactggaa
cagacatyqr

tataataaac

gagageogate
cogeagaaay
LYCagergoy
ggataccgeg
gucteecgayg
crggeegtey
gtitoroteg

acaaliotio

cetotgtaag ac

cLteyacegy
tecatttatt
CAIAICTYLY
aagataccca

gageititact

gaaactgacy
geytotgtta
gtoatteeat
gRIIIPIGAL

attcoeagnt
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tasttorcy
tAaatagaac
accatastaa
chlcaascte
tggagtctta
ttatteatta
Trgooattta
totgagataa
gratettgre
tectagoeces
aaAgFAYYIY
gtgtgtgtgs
ttttaaagtt
ttggtootay

TRCoaaarac

aatgtytast
reegtetyge
greqgogece
agrttocacoy
Tioigagneat
coctgtyaet
AtCygoeoay
aaattacitg

gigageaaag

gtgaccaaca
gtotegygte
TtgtLectga
acatgatcag
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ACEILLELLY
crtagetaty
atactecttt
agotrrgtag
argtagaaag
aaaragoact
tgacaaaaat
tgracglgga
agtecaagaa
cRaGantgea
tgratoLLty
grgrgtyggt
actrttatac
atrretagte
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cgohgrgir
agectggata
gugoteseta
cogogreiog
TLegecegge
crgogtanag
goteagosty
Caggggacay

sgtagagols

ST gatoggasat
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tggagtcgty
catticaazat
tygtaacaga

cLaLgCergge

EETERLLLCRA
catghtortga
teaagagaaa
catacatyay
3adAALEUIY
gazaattgas
gattggoact
Acagrotyag
gtgacacega
gacatcaaad
googacagty
gtatgtgigt
Adaciaagas

atgatgaatyg

CoTetyocty
Toototacta
grectgtgey
ttotetagac
trgagatycs
ACECHQOCCy
CARIRIGACK
Agagacttyg
actgagtgca
gacactgyay
targticaag
tACATTACtY
cteaacgtgy
atitoetggg
atggtettet

&0
125
180
240
300
360
420
480
54
&y
660

780
&40
200



grgazgraaa
ggtataggat
azaagottgr
gggaatacocc
agretguyag
Qtgaccaagy
cattigroag
TOUaRgCCac
gycatgract
Traccaatos
cacceeagat
ctcaaacget
gucagttega
acectigtaa
ataaaaatea
aagegycaas
agagogtgat
ageecactyga
AcCTCacIty
cacctgityg
gcacaaatoa
atgrctanet
cagtectaga
ttogggaaag
gotttazags
ggasacotcac
geagrgrtot
agacgaacyy

tagttaertgt

ttagcegtgyg

caactigoay

aattaatgat
ttatgatgtg
CEtAARTLTGY
Lo togRay
tgagatgaag
atrgtacace
goTocatgaa
a9tgggggay
atgutataaa
gacgattaty
catitcasag
Tggtgagasaa
gacatgracy
goadgagrge
agaatogaga
attigcieta
Tgtygteagot
ctoertecan
gtacaagott
CaAgAACLLY
catttbgate
Tgoicaagad
gogrgtagea
CRLCHIAPLC
Taatgagace
ratccgeaga
Tggetgtaca
ggasatcaty
gatcateota
catogteatyg
Tgooageasy
LgCorLLgge

gacagtagea

gaaagrtace
grtcygagtc
acageaagaa
catcageata
azarrtriga
Tgtgeageat
azacctrty
cgtgioagas
aatggaatac
gRagrgagty
gagaagoaga
torotaatot
gtetatgeea
gecaacgage
agtytegang
atlgaagnaa
Tegtacaast
gtgaccagng
gtgtotttyt
ggoocacage
gatacteret
atggagoiya
aggaagacea
cecacgatoa
TCatyeacyg
ctigtagasg
grgaqgaagy
aaagtggagy
attoragtay
cggaccgtya
gatccagatg
tyggaattee
caagtgatty

gtcaaaargt
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agteratrrat
cgroteatay
Cctgaactaaa
Jgaaactyt
gracotianc
ceagtgggct
ttgertttgy
LCCoEYOgaa
Locttgagto
Aaagagacac
geeatrgtogs
ctoctgigoa
Trecteege
ceagecaage
ACLLCCRYHY
aaaacaadaac
qridagegot
gtectgasat
ggtgcactge
crergeeaat
ggaastigas
agaatgcoate
agaaaagata
Caggasaccet
catetgggaa
ackoaggeat
2goACYRAGY
catiiticay
geacggengt
ageoggecaa
aactoceaty
cCagagaceg
aageagatgc
Tgaaagaaggy
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STRCATagtL
aattgaacts
targgggatt
Azgacegagac
tatagatqggt
gatgaccazg
Aagrggeatyg
gracottggt
CARTCACALA
aggaaattac
ctetotggtt
LECCTALCI
geatoadato
tRtetocaaty
Jggaaatass
Tgraagtace
Cdacaaasgie
tactetycas
agacagatet
ceatgiggga
tgocaccaty
CELGoAGHAT
rEgeQiggtc
gusgaatcag
tegoeeteca
tgtattgasyg
cotoyacace
gattyooaty
[RUSEITEINEEES
ggatorRacat
gergaagcta
CETtgaaatt

Sgoaacacac

gtegtigtag
LCEQTEGgSg
garyicaact
ctaazaaceg
graaccegga
ARAGaacagea
gaatehetag
TACCCACCoE
attazagrgg
actgtcaten
gtgtatatec
Tacggoanea
cactgglart
acaaacecat
attgaagtta
grigltateog
ggoagaggag
cotgacatge
acghtgaga
gagttgcoca
TLoictasta
cRIggIAnACT
aggoagotoa
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gagetetoat
accttotagqy
Satitgyaas
Seisagygge
Facygogory
agaaghooct
tgacctigoa
CATCOOISAR
acgtggtiaa
ToAGIRAAGY
gagtgtasac
cottagator
AJGaaggaac

Tggactgoty

tggparatcl oty

Tateagagac tk

cotatatgaa
teagtoagta
aagatatooc
gyagy
cAateLTirgg
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AccagRTANY
coagtgagga
CCCagatLet

LarCCagace

cetcggacty
atgtatetgt
tetateatye
ggccotatec
ataaaccagg
tetatecaan
ggattgatag

gratigtatt

grergaacte
Lycotgiace
cergrocact
acgattesyt
guacageate
cagrgatgta
qeateteate
grgtatceac
aatclgrgac
agatgctogo
aatocagagt
TEgtoCcatat
tagaatgagqy
goacggoeay
goaaget
tgageatyg
ggaggagoda
totgragase
gttagaagas
tethgogtca
tggaatagsty
cggotacoay
agragaacty
chagretgad
CLCRACTECY
CCAGCAPHAR
cagggageca
gtottotong
ceotgetye
LCRAGIIAGT
caatgtaagy
AgYCELLaty
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Tgototggty

adgatectea
Jageosgoag
tacctgagoa
Cazgagnaaag
accagrageo
gaagaagagy
tgttacaget
atigacetgy
LTLggeLLay
ctoootiiga
gacgtetggt
cCtgungtaa
gocootgaty
cocagtoaga
aatgetoage
gasgaggaty
gtatgrgaco
agtaagegaa
CCagIagtan
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aagrycaaog
ARAGQUCAYL
33GAACTAYY

gagtggsaga

gggaacgtot

AQCCLoteLT

<210
221>
<212
<213

<320
<223

400> 20
Jadcctaace

20

QN&

geagrtgecgy
acactgonct
adggtoogtt
aactacsgct
gteglggaycs
grggoctygg
atccagtoge
tatgeecags
cactraagas
ateggactet

goagrtgatga

1378

tgtacagtaa
agatrggees
CogacRaags
atacgrgert
tggangeeet
croacacaty
{eogrocaaa
tgatygacgy
aggtocataa
tCagegLeet
totccaataa
CCOPAPARCT
teageotgac
geaatgggea
CCELELECCY
toteatgote

Tgtetorgaq

cogtagetee 3

Crgocargac
gogtigaasda
atgecacety
Qratteiges
ggtorootca
grageaacat
taagagoacay
tottgaagas
atgrotooty
cLcatradtc

cobogeesot

CECOCAgoey
agacaacoty
gatogaggry
gucgggtaac
qgaagagagg
cocaceytge
ACLCIANGAC
gageeacyaa
rgocaagaca
CACCgtooty
ageeetoona
acaggtgtac
ctgootggte
$CCOQRAGRAL
ctacageaag
ctgatgeat

tTadatga

artificial seguence

agtgasgite
tggraaagaa
gageancata
gaatgagtac
Coggeocate
ggagtrcaty
cgaggtaaat
ryctggagtt
tgagoacyca
tgoatgottg

gtacetggas

45625161

cacatocagt
certatgtee
ctteacttaa
Totatoggac
ceggeagtya
CERgeasety
accctcatys
gaccotgagy
AAGCCYCGRY
caccaggacy
AreCoecatcy
acectgeees
aaaggetter
aactacsaga
cteacegtay

gaggoiotge

tecoeagaaa
aaargooctt
tECAARCCLY
atggactetg
guoageatoa
crgrasgeag
tgtaaggtgt
gogageasga
ajraccacey
goggagtata
accgtictgg
gacagaactc

Fage 43

ggCTRaBNCa
agatetigaa
gaaatgrote
Tetoocatea
tgacctegoe
RACTOCTHRY
Lotegoggac
tcaagticaa
aggagoagta
guctgaatay
agaaaaccat
catecenggod
atcecagoga
cacgeetee

acaaccacta

wucisotide sequance of 26% fused protein

#gatggasas
Coagtoggac
accacagaat
tggtgecose
accatacata
gottgeoege
acagtgacee
ttgacccaga
acaragagatr
cgryettage
FAQLCCLena

acacatgoog

catcgaggtg
gactgotgga
crttgRgyac
ctovgoatgyg
cetgtacoty
gggacogtea
ceCtyaggle
ctggtacyty
caarageacy
CRAggagLac
CLCCaRagen
tgagatgace
categeegty
cgtoctygac
gtggcageay

cacgoagaay

fRAartgat
coCalaCeee
tggaggotac
tgacaaggac
ctagotggat
CAACIIAXCH
gragoogeac
caacctgooy
ggagatactt
gugtaactey
agagaggoey

accatgeaca

480
340
600
&G0
720
780
840
200
G0
1820
1080
1140
1200
1260
13340
1380
1497

1y
120
180
240
300
360
420
480
44
600

(>4
3]
(=]

=
i
x



GCacCLgaac
cteatgatcy
cetgagates
CCYCGaYAGY
CANFRCTIOC
cecategaga
ctgesoocat
ggcttotate
T3acaagacca

acogtggaca

gototgoacy 2

<210
<21l
{:212‘}
<213»

2 20
<223

<300= 21
cearatiyga

&l

DA

acaglyaagt
aatggcasag
tggagratea
gagantgage
CaCEgRerea
gtggagrica
arcyaggtga
actgetyyag
TLEgRGYacy
Totgeatggt

Ctgtacetoy

aacageacgt
aaggagtaca

TLCazagoca

1358

CCCHYIceeT
agtteaacty
ageagtacaa
THRATGGCAA
aaaccatetc
ceogyyatogs
LCRGCYACET
cgrotocogt

agageaguiyg

CAtoCCLaga
teasangreg

zaticagaqo

taatggacte

scggoaglat

TeCtgeRAge

totgtaagat

atggdagras
rraataccac
cagggoagta
tgaccgitoy
AYUACAIAAT

tettoetett

A catgegtygt

acggogtega
accgtgtggt
agtycasgyt

Jagggeages

acegteagee
Tgagotoaca
gtacgtgaac
cagcacgtac
GAQEAC AR
CaARAYCeaaa
getgaceaay
cgeogtugay
gotggactos
geageaggyg

> gragaagane

artificial ssquence

aragatggaa
treeagtasy
TgRCCacaga
rgtggtocoe
caaccanaca
agggrrgece
gracagtgac
gattggooca
cgacaaagagy
tacgtgetty
ggaagrecty
Lracacatyge
CCCCeraRag
gutggacgty
ggtgoataat

capogtoote

4584516

Trocteticg
tgcgigyiag
gucgtggagy
cgtgtyggrea
TpcaaggLet
qugcagoeee
aaccaggica
tyogagagea
gacgqotect
aangtoticr

cteteoctgt

aagaaattyc
Ehal st oy 1o b Tt
attggagyet
TRLgRCRAgY
taccagetgg
goeascaaas
cogeagocys
gagsaccigye
1Tggaggtge
gogggytaact
JRAgIYIYYC
coacogigog
LoLasggaca
agecacgasy
GUOIAYRCES
acegioctyge
geestecoan

caggtgtaca
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N
A

CCCEAARACE
tonacgtyas
tgrataatyge
gegtooteac
COAACARAGE
gagaaccaca
geetgacoty
Jtgggcagee
tortooteta
catgotoogt

cteegagtaa

nucleotide seguence of 29% fused protein

atgeagtgee
ccacactacy
ataaggtecy
graRCLacac
atgtcgroge
cagtgoooct
acaveoagty
crtatgleoca
ttcacttaag
ftatcggacy
cggoagtgat
cageacotga
cecteatgat
accotnaget
Jgeegogasa
ACCAgRACty
£Ceecatega

cectgeeeee

caaggacace
CEACQRAPAC
C3AQACAARY
CHtectgeac
ceteesaged
ggtotacace
cotggroaaa
ggagaacaac
cageaagete
gatgoatgag

atga

ggrtgocasy
ctgattgasa
tratgooace
crgoattgy
goggtocoot
sqatageasc
getasagoac
gatortgasg
aazygteteo
CTCCCRTCREG
gacectegece
actootygsy
crgoeggace
caagtteaac
ggageagtac
goigaatgge
gasaacgata

atecegygat

780
840
900
360
1020
1680
1340
1200
1260
1320
1374

120
18{%
240
300
360
420
480
540
600
GBD
720
FEG
R40
G
360
1020
1080



gagotoacca
atcgeegtay
groctgyact
Tggeapcagy
acgeagaaga
<21
<21
<2312>
2233

<2 20>
<223

<400 22
ccanaadaga

23
Dk

tgcecttesa
agacotgacs
gattotglgg
ageatcaace
caageagqot
aaggtgtaca
agcaagatig
ACLALTHACS
gagtatsegt
gttctggaag
agaactcacy
cretreeoee
gLggLggtag
alggagotge
gtggteageg
aaggtoteca
cageooogag
CAGYLoARLs
gagageaaty
guetectiet
grottoteay

teectgtete

w1l 23

3YRACCAGYY
agtgggagag
cEgAacggete
ggaacgtoty

gretotooct

1341

R EERELEES
gtgggaceLe
acagaatiyy
tgeoctciga
ACACIATALTR
tgeeogroas
grgacccgea
geecagacaa
azgagatgga
JrETHGCagy
CCOTggaana
catgoccane
CAdAACLCRD
ACHLYAGECA
ataatgooas
Tocoanogt
ataasgeeet
BRACCACAQGY
tgacctgect
qgcageedags
teoretacag
goteegtgat

cgggtaaaty

Cagootgace
caaTHgscas
crtortecte
cteatgolod

gretecaggt

artificial sequence

NucTeotide sequence of 8

atigoatgoa
aagatcecacs
aggotacasg
CARGYUCIAL
getgoatato
caRaacagty
gecgeacats
corgocttat
gotgetieac
taactetare
gagyceggca
gtycccagoa
ggacaceete
cgasgacect
gacaaagocy
CeLgCaceag
CeCageLas
gracaccery
ggrcasagge
gaacaactac
caagetcace
geargaggot

g8

43625161

tgootggtea
Loggagaacd
Tacagaage
gtoatgeaty

agatga

aaggottota
actacaagac
teacogtgga

AggoLobgea

Fused protetn

gtgooggotg
ctocgetagt
greogttaty
TACICOTHCR
gtogageggt
geectaggta
cagtguctaa
grCcagatot
ttaagaaaty
goactereee
gtgatgacet
£CEgaantoe
atgateroes
gaggteaagy
CHogaRgage
gactgootga
ategagaaaa
goeecatens
Thctatercoa
AAYICCACAT
gtagacaaga

crgoacasco

Fage 435

coaagacagt
tgalaaatog
ceacctgnag
tLgtggagaa
CCOCYeacoy
geaacgtygs
ageacatega
tgaagactyc
terecttiga
agcactotye
cgoeceotyta
Tggggggacs
ggaccootga
teaactggta
agtacsacay
atggcaagga
ceatgteeaa
gggatgaget
gogacatoyge
croocghgot
qeaggraged

dctacacgea

TECCagegac
CACQCETCCC
caagagoeagy

CRACCACTAL

Qaagricass
cRaagaattc
catcataaty
tgagtacgge
geooatooty
grteatgret
ggrgaataqgy
tggagreaat
HYRCHCAYEY
atggtinace
cctggaggac
greaghettc
ggtoacatoc
cgtygacage
cacgtacegt
gtacaagtoc
AgCCAARTYY
gacegagaac
cgtygagtey
ggacteegac
geAggEgRaAc

gaagageete



<3 1l=
<dld>
<213

«5{0=

atggloaget actguuacas cguugtecty ctgtgogene tgoteagety totgetters

8
Bha

23

acaggatcta gttocgga

<210=
<211
<31

<213

28 =
<223

<400

24

32

DNA

Aargificial seguence

19# rw primer
24

LROLTCogNd AQgoogtons cgacotigee ty

<210
<210
221l
213

<& 20>
<233>

EC IS

25

32

D&

ArtiFoial seguence

13¢ ®w priwer

25

TRGLLCCYUN Aaasaategea coogeatess ag

<210
<3 is
<d1dx
w2 13>

2230
<233

2O

e

3%

opa
artificial seguence

Z38 Fw primer

28

tagitocgoa glaaccaged gouootcgag «©

<231
211>
<&lds>
<213»

<22
<223

<450

LRgLTOOYRA teetottoay aggagaaaga aac

<& 10
<211
2212
<213

<$20>
<233

<4 s

27

33

DA

Artifictial segquence

23 Py primer
7

28

32

DNA

artificial seguence

J&6¢ Fw priwer

28

tagtiddgga saacciaacs coghagoiag at

45625146 1

]

GO

=
Pod

31

33

32



45845161

<2k 28

211> 34

<2¥Fx=  DNa

<2313 Artificial seguonce

220>
<233» 208 Pw primer

<400= 289
tagrircgoa <oatattgga Catocccaga aaag 34

<2i0> 30

<21 36

<218> DNA

«213> ArtviFicial sequengs

<2200

<223> BE Fw primsy

<400 30

Ctagrtcogy acCRgalady alggaasaga aattge 36

<210> 31

<213 36

<21d> D&

<313 arvifeial ssguence

«2 20

<223> FGFRIfey primer

<4 31

grittghoct ooagotacay ggooyagqte 30
<210 32

<31i= 30

<212 DNs

<213> artificial ssgusnce

<& 20

<3¥3»  FgFor primer

<q00> 32 .
Chgtacoing aggacassdac toacacatgo 30

<21 33

<21ll> 38

<212> DNA

<213» Artificial sequence

<220 )
<223»  FoRev ppimer

<400=> 33
gatatotgea QRCATILENE CQgagacayy 30
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