United States Patent

US010548914B2

(12) ao) Patent No.: US 10,548,914 B2
Lai et al. 45) Date of Patent: Feb. 4, 2020
(54) SAFE LENTIVIRAL VECTORS FOR 2003/0013196 Al 1/2003 Engelman et al.
TARGETED DELIVERY OF MULTIPLE 2003/0096787 Al . 5/2003 Perridcaudet et al.
THERAPEUTIC MOLECULES 2003/0119770 Al 6/2003 Lai ..ccoooevvveiee. Clgll\;/liifﬁlg
. . 2003/0138444 Al 7/2003 Zavitz et al.
(75) Inventors: Zhennan Lai, Nort.h Potomac, MD 2004/0142416 Al 7/2004 Laipis et al.
(US); Jeffrey Galvin, Redwood City, 2004/0161412 A1 8/2004 Penn et al.
CA (US) 2004/0192629 Al 9/2004 Xu et al.
2004/0214158 Al  10/2004 Sethi et al.
73)  Assionee: American Gene Technologies 2004/0248296 Al  12/2004 Beresford et al.
(73) & Intomnogio VT Rockvi%’le MD (US) 2005/0019927 Al 1/2005 Markus et al.
* 4 2005/0138677 Al 6/2005 Pfister et al.
. . . o . 2006/0183230 Al 8/2006 Silla et al.
(*) Notice: Subject to any disclaimer, the term of this 2006/0246520 Al 11/2006 Champagne et al.
patent is extended or adjusted under 35 2007/0026521 Al 2/2007 Colosi
U.S.C. 154(b) by 0 days. 2007/0141679 Al 6/2007 Sodroski
2007/0203333 Al* 82007 McSwiggen ....... C12N 15/1138
) 536/24.5
(21)  Appl. No.: 13/333,882 2008/0003225 Al 1/2008 Vie et al.
. 2008/0003682 Al 1/2008 Lois-Caballe et al.
(22) Filed: Dec. 21, 2011 2008/0039413 Al 2/2008 Morris et al.
2008/0131940 Al* 6/2008 Chiu ...cccoceevvennnee CI2N 15/111
(65) Prior Publication Data 435/91.3
2008/0153737 Al 6/2008 Lieberman et al.
US 2012/0114607 Al May 10, 2012 2008/0199961 Al 82008 Rasko et al.
Continued
Related U.S. Application Data ( )
(63) Continuation of application No. 12/581,871, filed on FOREIGN PATENT DOCUMENTS
Oct. 19, 2009, now abandoned. BR 2515 3/2019
(60) Provisional application No. 61/243,121, filed on Sep. N 101805750 . 812010
16, 2009, provisional application No. 61/116,138, (Continued)
filed on Nov. 19, 2008, provisional application No.
61/196,457, filed on Oct. 17, 2008. OTHER PUBLICATIONS
(51) Int. CL %;;Tf;riy et al. (J. Virology (1998) vol. 72(12):9873-9880) (Year:
CI2N 15/86 (2006.01) Lin cf al. (Cell Res. (2007) 17:531-53
. . :531-536). (Year: 2007).*
AGIK 31/7088 (2006.01) Oh, et al. Retrovirology. 4(38), 10 pages. (Year: 2007).*
CO7K 14/47 (2006.01) Vargas, J. Jr. et al., “Conditionally replicating lentiviral-hybrid
CI2N 15/113 (2010.01) episomal vectors for suicide gene therapy,” Antiviral Res., vol. 80
AGIK 48/00 (2006.01) No. 3. pp. 288294 (Dec. 2008). e Tl
L i T-cell activation and
(52) U.S. Cl. (iIlf"lpS(:Il €l la). ,_nh_b_};_ammes cause VY A
CPC ... AGIK 31/7088 (2013.01); CO7K 14/4746 107, pp. 651654, (;a;“;%o%lf mevalonate pathway,” Blood, vol.
(2013.01); CI2N 1571135 (2013.01); CI2N Gober et al., “Human T Cell Receptor y8 Cells Recognize Endog-
15/86 (2013.01); A61K 48/00 (2013.01); CO7K enous Mevalonate Metabolites in Tumor Cells,” J. of Experimental
2319/10 (2013.01); CI2N 2310/14 (2013.01); ~ Med., vol. 197, pp. 163-168, (Jan. 2003).
CI2N 2320/32 (2013.01); CI2N 2330/51 (Continued)
(2013.01); CI2N 2740/16043 (2013.01); CI2N . .
2830/008 (2013.01); CI2N 2830/20 (2013.01)  Lrimary Examiner —J. E Angell ,
(58) Field of Classification Search (74) Attorney, Agent, or Firm — Snell & Wilmer LLP
None
See application file for complete search history. 7 ABSTRACT
The present application discloses a lentiviral transfer system
(56) References Cited which includes: (i) a self-inactivating transfer vector com-
prising: multiple gene units, wherein each gene unit includes
U.S. PATENT DOCUMENTS a heterologous nucleic acid sequence operably linked to a
5674703 A 10/1997 Woo et al. reg}llatory nucleic acid sequence; and (ii) a helper construct
6156514 A 12/2000 Acovedo et al. which lacks a 5' LTR, wherein the 5' LTR has been replaced
6,635,472 B1  10/2003 Lauermann with a heterologous promoter, in which the helper construct
g,;é;&,g% B2 2/2012 Bumcrot et al. further comprises: a lentiviral env nucleic acid sequence
0'$34 790 g% 1;; 58} ; Eﬁ;;gteglal' containing a deletion, wherein the deleted env nucleic acid
9:9 1 4:938 B2 37018 Paura of al. sequence does not produce functional env protein; and a
10,023.880 B2 7/2018 Pauza et al. packaging signal contains a deletion, wherein the deleted
10,036,038 B2 7/2018 Pauza et al. packaging signal is nonfunctional.
10,036,040 B2 7/2018 Pauza et al.
10235464 B2 32019 Pasa et o 14 Claims, 50 Drawing Sheets
2002/0168345 Al 11/2002 Doug et al. Specification includes a Sequence Listing.



US 10,548,914 B2

Page 2
(56) References Cited WO 2012061075 5/2012
WO W02012145624 10/2012
U.S. PATENT DOCUMENTS WO 2013096455 6/2013
WO 2014117050 7/2014
2008/0227736 Al 9/2008 Chen et al. wo 2014187881 1172014
2008/0293142 Al 11/2008 Liu et al. wo 2015017755 2/2015
2009/0148936 Al 6/2009 Stout et al. wo 2015042308 3/2015
2009/0304688 Al  12/2009 Fournie et al. wo 2015078999 6/2015
2010/0017911 Al 1/2010 Dawson et al. wo 2016046234 3/2016
2010/0069372 Al 3/2010 Kazantsev wo 2016061232 472016
2010/0119511 Al 5/2010 Wang et al. WO WO02016061232 4/2016
2010/0120155 Al 5/2010 Brennan et al. wo 2016200997 712016
2010/0286166 Al  11/2010 Pey Rodriguez et al. WO 2017007994 1/2017
2010/0316676 Al 12/2010 Sanders wo 2017100551 6/2017
2011/0008803 Al 1/2011 Stockwell et al. wo 2017123918 712017
2011/0207226 A1 82011 Ni et al. wo 2017139065 8/2017
2012/0053223 Al 1/2012 Benkirane et al. wo 2017156311 9/2017
2012/0027725 Al 2/2012 Galvin et al. wo 2017213697 1272017
2012/0114607 Al 5/2012 Lai et al. wo 2017214327 1272017
2012/0034197 Al 8/2012 Young et al. WO 2018009246 1/2018
2012/0201794 Al 82012 Chen et al. wo 2018009847 122018
2013/0078276 Al 3/2013 Robinson et al. wo 2018017882 122018
2013/0090371 Al 4/2013 Lu et al. wo 2018126112 7/2018
2013/0142766 Al 6/2013 Dodo et al. wo 2018129540 7/2018
2013/0211380 Al 82013 Aquino et al. WO 2018187231 10/2018
2014/0155468 Al 6/2014 Gregory et al. WO 2018232359 12/2018
2014/0162894 Al 6/2014 Hatchwell et al. WO WO02019070674 472019
2014/0178340 Al 6/2014 Robbins et al.
2014/0234958 Al 8/2014 Kashara et al.
2014/0248277 Al 9/2014 Hoffman et al. “OTHER PUBLICATIONS .
2014/0336245 Al 11/2014 Mingozzi et al. Goepfert, et al., “Specificity and 6-Month Durability of Immune
2015/0010578 Al 1/2015 Balazs et al. Responses Induced by DNA and Recombinant Modified Vaccinia
2015/0018539 Al 1/2015 Fellmann Ankara Vaccines Expressing HIV-2 Virus-Like Particles,” J. Infec-
2015/0126580 Al 5/2015 DePinho et al. tious Diseases, vol. 210, pp. 99-110, (Jul. 2014).
2015/0132255 Al 5/2015 Sorensen et al. Human papillomavirus type 16 (HPV16), complete genome; GenBank:
%8}2;85;828? ﬁ} ggg}g érzﬁsest al. al K02718.1; Publication [online], https://www.ncbi.nlm.nih.gov/
5016/0243169 Al 82016 C}(;enegt :{g et al. nucleotide/33303 1 ?report=genbank&log$=nucltop&blast_rank=22
2017/0028036 Al 2/2017 Mingozz et al. &RID=H3E1THFUO14; pp. 1-4, (Mar. 1994).
2017/0335344 Al 11/2017 Pauza et al. {Long control region} [Human papillomavirus, type 16, Genomic,
2018/0010147 Al 1/2018 Pauza 860 nt]; Accession S60559. Publication [online], https://www.ncbi.
2018/0142257 Al 52018 Pauza nlm.nih.gov/nucleotide/237343?report=genbank&log$=nucltop
2018/0142258 Al 5/2018 Pauza &blast_rank=1&RID=H3FCKA00014; pp. 1, (May 1993).
%8}2;8}?%22 ﬁ} ggg}g ggﬁ;g Tebas, P. et al, “Antiviral effects of autologous CD4 T cells
5018/0256624 Al 0/2018 Pauza genetically modified with a conditionally replicating lentiviral vec-
2018/0305716 Al 10/2018 Pauza tor expressing long antisense to HIV,” Blood, vol. 121, No. 9, pp.
2019/0046633 Al 2/2019 Pauza 1524-1533, (2013).
2019/0062786 Al 2/2019 Pauza et al. Tebas, p. et al., “Gene Editing of CCRS in Autologous CD4 T Cells
2019/0078096 Al 3/2019 Iahusen et al. of Persons Infected with HIV,” The New England Journal of
2019/0083523 Al 3/2019 Pauza Medicine, vol. 370 (10), pp. 901-910, (Mar. 2014).
Li et al., “Reduced Expression of the Mevalonate Pathway Enzyme
FOREIGN PATENT DOCUMENTS Farnesyl Pyrophosphate Synthase Unveils Recognition of Tumor
Cells by Vy9V82 T Cells,” J. of Immunology, vol. 182, pp.
CN 108883100 11/2018 8118-8124, (2009).
EP 3402483 11/2018 Wang et al., “Indirect Stimulation of Human Vy9V82 T Cells
EP 3413926 12/2018 through Alterations in Isoprenoid Metabolism,” J. of Immunology,
EP 3426777 172019 vol. 187 pp. 5099-5113, (2011).
EP 3468617 4/2019 Stunkel et al., “The Chromatin Structure of the Long Control
Eg gjg?g}g ggg }g Region of Human Papillomavirus Type 16 Repress Viral Oncoprotein
EP 3481435 52019 Expression,” Journal of Virology, vol. 73, No. 3, pp. 1918-1930,
IN 201947000153 2/2019 (Mar. 1999). _ L
1P 2018-541270 4/2019 Lu et al., “Anti-sense-Mediated Inhibition of Human Immunodefi-
WO 2002020554 3/2002 ciency Virus (HIV) Replication by Use of an HIV Type 1-Based
WO 2004053137 6/2004 Vector Results in Severely Attenuated Mutants Incapable of Devel-
WO 2005033282 4/2005 oping Resistance,” Journal of Virology, vol. 79, No. 13, pp. 7079-
WO 2006048215 5/2006 7088, (Jul. 2004).
WO 2007000663 1/2007 Dieli et al., “Targeting Human yd T Cells with Zoledronate and
WO 2007133674 11/2007 Interleukin-2 for Immunotherapy of Hormone-Refractory Prostate
%8 Wozzoooogg/ (1)3(5) g%; égggg Cancer,” Europe PMC Funders Group, Cancer Res. vol. 67(15), pp.
) 2009147445 12/2009 2}450'145 L, (Aug. 2007). . .
WO 5010051521 52010 en_Bank Accesswn No. S6055_9 (long control reglon)_ [human
WO 2010117974 10/2010 papillomavirus, type 16, Genomic, 860 nt],” [located online Nov.
WO 2010127166 11/2010 21, 2017 at https://ncbi.nlm.nih.gov/nuccore/S60559] entire DNA
WO 2011008348 1/2011 sequence, (May 1993).
WO 2011071476 6/2011 GenBank Accession No. JG619773, MNESCING-T3-001_L15_
WO 2012048303 4/2012 6FEB2009_054 MNESCING cell culture from Mahonia nervosa



US 10,548,914 B2
Page 3

(56) References Cited
OTHER PUBLICATIONS

Berberis nervosa cDNA, mRNA sequence, (online). [Retrieved on
Dec. S, 2017]. Retrieved from the internet :< URL: https://www.
ncbi.nlm.nih.gov/nucest/JG619773 > entire document, (Feb. 2014).
Moser et al., “yd T cells: novel initiators of adaptive immunity,”
Immunological Reviews, vol. 215, pp. 89-102, (Feb. 2007).

PCT: International Search Report dated Nov. 7, 2016 in Application
No. PCT/US2016/036519.

PCT: Written Opinion dated Nov. 7, 2016 in Application No.
PCT/US2016/036519.

PCT: International Search Report dated Oct. 19, 2016 in Application
No. PCT/US2016/041456.

PCT: Written Opinion dated Oct. 19, 2016 in Application No.
PCT/US2016/041456.

PCT: International Search Report dated Jul. 20, 2017 in Application
No. PCT/US2017/043157.

PCT: Written Opinion dated Jul. 20, 2017 in application No.
PCT/US2017/043157.

PCT: International Search Report dated Jun. 9, 2017 in Application
No. PCT/US2016/066185.

PCT: Written Opinion dated Jun. 9, 2017 in Application No. PCT/
US2016/066185.

PCT: International Search Report dated Jul. 17, 2017 in Application
No. PCT/US2017/013019.

PCT: Written Opinion dated Jul. 17, 2017 in Application No.
PCT/US2017/013019.

PCT: International Search Report dated May 26, 2017 in Applica-
tion No. PCT/US2017/013399.

PCT: Written Opinion dated May 26, 2017 in Application No.
PCT/US2017/013399.

PCT: International Search report dated Aug. 25, 2017 in Application
No. PCT/US2017/021639.

PCT: Written Opinion dated Aug. 25, 2017 Application No. PCT/
US2017/021639.

PCT: International Search Report dated Nov. 8, 2017 Application
No. PCT/US2017/041168.

PCT: Written Opinion dated Nov. 8, 2017 in Application No.
PCT/US2017/041168.

PCT: International Search Report dated Dec. 15, 2017 in Applica-
tion No. PCT/US2017/36433.

PCT: Written Opinion dated Dec. 15, 2017 in Application No.
PCT/US2017/36433.

PCT: International Search Report date Jul. 14, 2017 in Application
No. PCT/US2017/013024.

PCT: Written Opinion dated Jul. 14, 2017 in application No.
PCT/US2017/013024.

USPTO; Notice of Allowance dated Oct. 13,2017 in U.S. Appl. No.
14/706,481.

USPTO; Requirement for Restriction dated Oct. 23, 2017 in Appli-
cation No. 15668223.

USPTO; Notice of Allowance dated Nov. 2, 2017 in Application No.
15652080.

Charron et al., “Dominant-Negative Interference in the Pah,,
Mouse of PKU: Effectiveness of Vectors Expressing Modified
Forms of Phenylalanine Hydroxylase (PAH) or Ribozymes Plus a
Hardened PAH mRNA,” Molecular Therapy, vol. 11: pp. S163-
S164, (2005).

USPTO; Non-Final Office Action dated Jun. 15, 2018 in U.S. Appl.
No. 15/904,131.

USPTO; Requirement for Restriction dated Jul. 12, 2018 in U.S.
Appl. No. 15/736,284.

Capietto, A. H., et al., “Stimulated gammadelta T cells increase the
in vivo efficacy of trastuzumab in HER-2+ breast cancer.” J Immunol
187(2): 1031-1038, (2011).

Chen, Z. and M. S. Freedman, “CD16+ in gammadelta T cells
mediate antibody dependent cellular cytotoxicity: potential mecha-
nism in the pathogenesis of multiple sclerosis.” Clin Immunol
128(2): 219-227, (2008).

Cougzi, L., et al., “Antibody-dependent anti-cytomegalovirus activ-
ity of human gammadelta T cells expressing CD16 (Fcgam-
maRIIla).” Blood 119(6): 1418-1427, (2012).

Fisher, J. P, et al.,, “Effective combination treatment of GD2-
expressing neuroblastoma and Ewing’s sarcoma using anti-GD2
ch14.18/CHO antibody with Vgamma9Vdelta2+ gammadeltaT cells.”
Oncoimmunology 5(1): 1025194, (2016).

Gertner-Dardenne, J., et al., “Bromohydrin pyrophosphate enhances
antibody-dependent cell-mediated cytotoxicity induced by thera-
peutic antibodies.” Blood 113(20): 4875-4884, (2009).

Poonia, B. and C. D. Pauza, “Gamma delta T cells from HIV+
donors can be expanded in vitro by zoledronate/interleukin-2 to
become cytotoxic effectors for antibody-dependent cellular cytotoxic-
ity.” Cytotherapy 14(2): 173-181, (2012).

Schiller, C. B, et al., “CD19-specific triple body SPM-1 engages
NK and gamma delta T cells for rapid and efficient lysis of
malignant B-lymphoid cells.” Oncotarget 7(50): 83392-83408, (2016).
Tokuyama, H., et al., “V gamma 9 V delta 2 T cell cytotoxicity
against tumor cells is enhanced by monoclonal antibody drugs—
rituximab and trastuzumab.” Int. J Cancer 122(11): 2526-2534,
(2008).

USPTO; Non-Final Office Action dated Feb. 22, 2018 in U.S. Appl.
No. 15/850,937.

USPTO; Non-Final Office Action dated Feb. 22, 2018 in U.S. Appl.
No. 15/849,062.

PCT: International Search Report dated May 29, 2018 in Applica-
tion No. PCT/US2018/012998.

PCT: Written Opinion dated May 29, 2018 in Application No.
PCT/US2018/012998.

USPTO; Notice of Allowance dated Apr. 23, 2018 in U.S. Appl. No.
15/850,93.

USPTO; Notice Allowance dated Apr. 26, 2018 in U.S. Appl. No.
15/849,062.

USPTO; Notice of Allowance dated Mar. 26, 2018 in U.S. Appl. No.
15/668,223.

Ostertag et al., Brain Tumor Eradication and Prolonged Survival
from Intratumoral Conversion of 5-Fluorocytosine to S-fluorouracil
Using a Nonlytic Retroviral Replicating Vector, Neoro-Oncology
14(2), pp. 145-159, Feb. 2012.

Twitty et al., Retroviral Replicating Vectors Deliver Cytosine Deaminase
Leading to Targeted 5-Fluorouracil-Mediated Cytotoxicity in Mul-
tiple Human Cancer Types, Human Gene Therapy Methods, 27(1),
pp. 17-31, Feb. 1, 2016.

Wang et al., “Butyrophilin Human 3A1 Plays an Essential Role in
Prenyl Pyrophosphate Stimulation of Human Vg2Vd2 T Cells,”
Journal of Immunology, vol. 191(3), pp. 1029-1042, (Jul. 5, 2013).
Jiang et al., “A Novel EST-Derived RNAi Screen Reveals a Critical
Role for Farnesyl Diphosphate Synthase in Beta2-Adrenergic Recep-
tor Internalization and Down-Regulation,” FASEB Journal, vol.
26(5), pp. 1-13, (Jan. 25, 2012).

Miettinen et al., “Mevalonate Pathway Regulates Cell Size Homeo-
stasis and Proteostasis Through Autophagy,” Cell Reports, vol.
13(11), pp. 2610-2620, (Dec. 2015).

Tolmachov, “Designing Lentiviral Gene Vectors,” Viral Gene Therapy,
Chapter 13, pp. 263-284, (2011).

Tracey, “Human DNA Sequence from Clone RP1-288M22 on
Chromosome 6q 12-13,” Complete Sequence, National Center for
Biotechnology. GenBank Entry. Retrieved from the internet: <https://
www.ncbi.nlm.nih.gov/nucleotide/AL035467.23?report=genbank
&log$=nucltop&blast_rank=1&RID=UUD4GX2D014>; pp. 1-34,
(Jan. 24, 2013).

PCT, International Search Report dated Nov. 9, 2018 in Application
No. PCT/US2018/037924.

PCT, Written Opinion dated Nov. 9, 2018 in Application No.
PCT/US2018/037924.

Mason et al., “Inactivated Simian Immunodeficiency Virus-Pulsed
Autologous Fresh Blood Cells as an Immunotherapy Strategy,”
Journal of Virology, vol. 83(3), pp. 1501-1510, (2009).

Blick et al., “Cyclophosphamide Enhances SB-728-T Engraftment
to Levels Associated with HIV-RNA Control,” CROI Conference on
Retroviruses and Opportunistic Infections, Boston, Massachusetts,
p. 141, (2014), (Abstract Only).



US 10,548,914 B2
Page 4

(56) References Cited
OTHER PUBLICATIONS

De Rose et al., “Safety, Immunogenicity and Efficacy of Peptide-
Pulsed Cellular Immunotherapy in Macaques,” Journal of Medical
Primatology, vol. 27(2), pp. 69-78, (2008).

Smith et al., “Developments in HIV-1 Immunotherapy and thera-
peutic Vaccination,” F1000Prime Reports, vol. 6, p. 42, (2014).
Charron, “Gene Therapy for Phenylketonuria: Dominant-Negative
Interference in a Recessive Disease,” Dissertation, University of
Florida 2005, http://etd.fcla.edw/UF/UFE0011392/charron_c.pdf>,
(retrieved Jul. 26, 2018) (2005).

Ding et al., “Administration-Route and Gender-Independent Longterm
Therapeutic Correction of Phenylketonuria (PKU) in a Mouse
Model by Recombinant Adeno-Associated Virus 8 Pseudotyped
Vector-Mediated Gene Transfer,” Gene Therapy, vol. 13, pp. 583-
587, (Dec. 1, 2005).

Nowacki et al., “The PAH Mutation Analysis Consortium Database:
Update 1996,” Nucleic Acid Research, vol. 25(1), pp. 139-142, (Jan.
1, 1997).

Condiotti et al., “Prolonged Liver-Specific Transgene Expression by
a Non-Primate Lentiviral Vector,” Biochemical and Biophysical
Research Communications, vol. 320(3), pp. 998-1006, (Jul. 30,
2004).

PCT,; International Search Report dated Sep. 24, 2018 in Applica-
tion No. PCT/US2018/025733.

PCT; Written Opinion dated Sep. 24, 2018 in Application No.
PCT/US2018/025733.

USPTO; Non-Final Office Action dated Oct. 19, 2018 in U.S. Appl.
No. 15/736,284.

USPTO; Notice of Allowance dated Oct. 31, 2018 in U.S. Appl. No.
16/011,550.

Hafid et al., “Phenylketonuria: A Review of Current and Future
Treatments,” Translational Pediatrics, vol. 4(4), pp. 304-317, (2015).
Blau et al., “Phenylketonuria,” The Lancet, vol. 376(9750), pp.
1417-1427, (2010).

Chandler et al., “Vector Design Influences Hepatic Genotoxicity
After Adeno-Associated Virus Gene Therapy,” Journal of Clinical
Investigation, vol. 125(2), pp. 870-880, (2015).

Christophersen et al., “A Technique of Transumbilical Portal Vein
Catheterization in Adults,” The Archives of Surgery, vol. 95(6), pp.
960-963, (1967). (Abstract Only).

Bartholome, “Genetics and Biochemistry of the Phenylketonuria-
Present State,” Human Genetics, vol. 51(3), pp. 241-245, (1979).
Donsante et al., “AAV Vector Integration Sites in Mouse Hepatocel-
lular Carcinoma,” Science, vol. 317, p. 477, (2007).

Eisensmith et al., “Multiple Origins for Phenylketonuria in Europe,”
American Journal of Human Genetics, vol. 51(6), pp. 1355-1365,
(1992).

Fisher et al., “The Inhibition of Phenylalanine and Tyrosine Hydroxylases
by High Oxygen Levels,” Journal of Neurochemistry, vol. 19(5), pp.
1359-1365, (1972). (Abstract Only).

Grisch-Chan et al., “Low-Dose Gene Therapy for Murine PKU
Using Episomal Naked DNA Vectors Expressing PAH from Its
Endogenous Liver Promoter,” Molecular Therapy Nucleic Acids,
vol. 7, pp. 339-349, (2017).

Guldberg et al., ““Aberrant Phenylalanine Metabolism in Phenylketonuria
Heterozygotes,” Journal of Inherited Metabolic Disease, vol. 21(4),
pp. 365-372, (1998).

Kaufman et al., “A Model of Human Phenylalanine Metabolism in
Normal Subjects and in Phenylketonuric Patients,” Proceedings of
the National Academy of Sciences USA, vol. 96(6), pp. 3160-3164,
(1999).

Kaufman et al., “Phenylalanine Hydroxylase Activity in Liver
Biopsies from Hyperphenylalaninemia Heterozygotes: Deviation
from Proportionality with Gene Dosage,” Pediatric Research, vol.
9(8), pp. 632-634, (1975).

Longo et al., “Single-Dose, Subcutaneous Recombinant Phenylala-
nine Ammonia Lyase Conjugated with Polyethylene Glycol in Adult
Patients with Phenylketonuria: An Open-Label, Multicentre, Phase
1 Dose-Escalation Trial,” The Lancet, vol. 384(9937), pp. 37-44,
(2014).

Mochizuki et al., “Long-Term Correction of Hyperphenylalaninemia
by AAV-Mediated Gene Transfer Leads to Behavioral Recovery in
Phenylketonuria Mice,” Gene Therapy, vol. 11(13), pp. 1081-1086,
(2004).

Nault et al., “Adeno-Associated Virus Type 2 as an Oncogenic Virus
in Human Hepatocellular Carcinoma,” Molecular & Cellular Oncol-
ogy, vol. 3(2), p. e1095271, 3 pages, (2016).

Oh et al., “Reversal of Gene Expression Profile in the Phenylketonuria
Mouse Model After Adeno-Associated Virus Vector-Mediated Gene
Therapy,” Molecular Genetics and Metabolism, vol. 86(Supp. 1),
pp. S124-S132, (2005).

Oh et al., “Long-Term Enzymatic and Phenotypic Correction in the
Phenylketonuria Mouse Model by Adeno-Associated Virus Vector-
Mediated Gene Transfer,” Pediatric Research, vol. 56(2), pp. 278-
284, (2004).

Pan et al., “Biodistribution and Toxicity Studies of VSVG-
Pseudotyped Lentiviral Vector After Intravenous Administration in
Mice with the Observation of in Vivo Transduction of Bone
Marrow,” Molecular Therapy, vol. 6(1), pp. 19-29, (2002).
Shedlovsky et al., “Mouse Models of Human Phenylketonuria,”
Genetics, vol. 134(4), pp. 1205-1210, (1993).

Yagi et al., “Complete Restoration of Phenylalanine Oxidation in
Phenylketonuria Mouse by a Self-Complementary Adeno-
Associated Virus Vector,” Journal of Gene Medicine, vol. 13(2), pp.
114-122, (2011).

Yano et al., “Evaluation of Tetrahydrobiopterin Therapy with Large
Neutral Amino Acid Supplementation in Phenylketonuria: Effects
on Potential Peripheral Biomarkers, Melatonin and Dopamine, for
Brain Monoamine Neurotransmitters,” PLoS One, vol. 11(8), p.
0160892, 14 pages, (2016).

USPTO; Non-Final Office Action dated Sep. 19, 2018 in U.S. Appl.
No. 16/011,550.

USPTO; Invitation to Pay Additional Fees and, where Applicable,
Protest Fee dated Sep. 11, 2018 in Application No. PCT/US2018/
37924.

Gorziglia et al “Elimination of Both E1 and E2A from Adenovirus
Vectors Further Improves Prospects for in Vivo Human gene
Therapy,” Journal of Virology, vol. 70(6), pp. 4173-4178, (1996).
Vargas et al., “Novel Integrase-Defective Lentiviral Episomal Vec-
tors for Gene Transfer,” Human Gene Therapy, vol. 15(4), pp.
361-372, (Apr. 2004).

Wendelburg et al., “An Enhanced EBNA1 Variant with reduced IR3
Domain for Long-Term Episomal Maintenance and Transgene
Expression of ORIP-Based Plasmids in Human Cells,” Gene Therapy,
vol. 5, pp. 1389-1399, (Oct. 1998).

Westerhout et al., “A Conditionally Replicating HIV-Based Vector
that Stably Expresses an Antiviral ShRNA Against HIV-1 Replica-
tion,” Molecular Therapy: The Journal of the American Society of
Gene Therapy, vol. 14(2), pp. 268-275, (May 2006).

Lam et al.,, “T-Cell Therapies for HIV,” Immunotherapy, Future
Medicine, vol. 5(4), pp. 407-414, (Apr. 2013).

Munoz et al., “Ex Vivo Expansion and Lentiviral Transduction of
Macaca Nemestrina CD4 + T Cells,” Journal of Medical Primatol-
ogy, vol. 38(6), pp. 438-443, (Dec. 2009).

Porichis et al., “HIV-Specific CD4 T Cells and Immune Control of
Viral Replication,” Current Opinion in HIV and Aids, vol. 6(3), pp.
174-180, (May 2011).

Kavanagh et al., “Expansion of HIV-Specific CD4+ and CD8+ T
Cells by Dendritic Cells Transfected with mRNA Encoding Cyto-
plasm—or Lysosome—Targeted Nef,” Blood, American Society of
Hematology, vol. 107(5), pp. 1963-1969, (Mar. 2006).

Akinsheye et al., “Fetal Hemoglobin in Sickle Cell Anemia,” Blood,
vol. 118(1), pp. 19-27, (2011).

USPTO; Non-Final Office Action dated Dec. 31,2018 in U.S. Appl.
No. 16/182,443.

EPO; Extended Search Report dated Dec. 12, 2018 in EP Applica-
tion No. 16808223.8.

EPO; Extended Search Report dated Dec. 11, 2018 in EP Applica-
tion No. 16822021.8.

PCT; Invitation to Pay Additional Fees in Application No. PCT/
US2018/053919 dated Feb. 22, 2019.



US 10,548,914 B2
Page 5

(56) References Cited
OTHER PUBLICATIONS

Hee Yeon Kim., “Farnesyl diphosphate synthase is important for the
maintenance of glioblastoma stemness,” Experimental & Molecular
Medicine, (2018).

Hong Wang., “Indirect Stimulation of Human V2V2 Cells Through
Alterations in Isoprenoid Metabolism,” The Journal of Immunol-
ogy, (2011).

Z. Li, “Inhibition of farnesyl pyrophosphate synthase prevents
angiotensin II-induced cardiac fibrosis in vitro,” Clinical & Experi-
mental Immunology, (2014).

Xiaofeng Jiang, “A novel EST-derived RNAI screen reveals a
critical role for famesyl diphosphate in B2-adrenerigic receptor
internalization and down-regulation,” (1995).

Jian Yang, “Lentiviral-Mediated Silencing of Famesyl Pyrophosphate
Synthase through RNA Interference in Mice,” Hindawi Publishing
Corporation, (2015).

Yang Ye, “Knockdown of farnesyl pyrophosphate synthase prevents
angiotensin II-medicated cardiac hypertrophy, The International
Journal of Biochemistry & Cell Biology,” (2010).

Jianqgiang Li, “Reduced Expression of Mevalonate Pathway Enzyme
Farnesyl Pyrophosphate Synthase Unveils Recognition of Tumor
Cells by VOV2 Cells,” (2019).

Daryl S. Schiller, “Parameters Influencing Measurement of the Gag
Antigen-Specific T-Proliferative Response to HIV Type 1 Infec-
tion,” (2000).

PCT,; International Search Report dated Jul. 22, 2019 in the Appli-
cation No. PCT/US2019/24410.

PCT; Written Opinion of the International Search Report dated Jul.
22, 2019 in the Application No. PCT/US2019/24410.

PCT,; International Preliminary Report on Patentability dated Jul. 9,
2019 in the Application No. PCT/US2018/012998.

USPTO; Restriction Requirement dated Jul. 12, 2019 in the U.S.
Appl. No. 15/736,284.

USPTO; Advisory Action dated Jul. 23, 2019 in the U.S. Appl. No.
15/736,284.

USPTO; Notice of Allowance dated Aug. 14, 2019 in the U.S. Appl.
No. 16/008,991.

USPTO; Notice of Allowance dated Sep. 25, 2019 in the U.S. Appl.
No. 16/218,010.

USPTO; Notice of Allowance dated Jul. 19, 2019 in the U.S. Appl.
No. 16/132,247.

EPO; European Search Report dated Aug. 12, 2019 in the EP
Application No. 17764128.9.

EPO; Supplementary European Search Report dated Sep. 6, 2019 in
the Application No. 17750547.6.

USPTO; Notice of Allowance dated Jun. 18, 2019 in the U.S. Appl.
No. 16/182,443.

USPTO; Notice of Allowance dated Jul. 3, 2019 in U.S. Appl. No.
16/182,443.

USPTO,; Final Office Action dated Jul. 1, 2019 in the U.S. Appl. No.
16/132,247.

USPTO; Final Office Action dated May 2, 2019 in U.S. Appl. No.
15/736,284.

USPTO; Final Office Action dated May 2, 2019 in U.S. Appl. No.
16/182,443.

USPTO; Non-Final Office Action dated May 7, 2019 in U.S. Appl.
No. 16/008,991.

USPTO; Non-Final Office Action dated May 16, 2019 in U.S. Appl.
No. 16/132,247.

USPTO; Non-Final Office Action dated May 24, 2019 in U.S. Appl.
No. 16/218,010.

EPO; Extended Search Report dated Jun. 6, 2019 in EP Application
No. 17739028 3.

GenBank Sequence M65141.1 Retrieved from the Internet <URL:
https://www.ncbi.ntm.nih.gov/nuccore/M65141.1. Especially Sequence,
nt 301-420, (Retrieved Mar. 31, 2019).

PCT, Written Opinion dated Apr. 12, 2019 in Application No.
PCT/US2018/053919.

PCT,; International Search Report dated Apr. 12, 2019 in Application
No. PCT/ US2018/053919.

Fusetti, et al., “Structure of Tetrameric Human Phenylalanine
Hydroxylase and Its Implications for Phenylketonuria,” J. Bio.
Chem., vol. 273, No. 27, pp. 16962-16958 (1998).

USPTO; Invitation to Pay Additional Fees and, Where Applicable,
Protest Fee dated Jul. 17, 2018 in Application No. PCT/US2018/
25733.

USPTO; Requirement for Restriction dated Aug. 3, 2018 in U.S.
Appl. No. 16/011,550.

USPTO; Notice of Allowance dated Aug. 10,2018 in U.S. Appl. No.
15/904,131.

Hassan et al., “Isolation of umbilical cord mesenchymal stem cells
using human blood derivative accompanied with explant method,”
Stem Cell Investigation, pp. 1-8, (2019).

Huang et al., “An Efficient protocol to generate placental chorionic
plate-derived mesenchymal stem cells with superior proliferative
and immunomodulatory properties,” Stem Cell Research & Therapy,
pp. 1-15, (2019).

USPTO; Restriction Requirement dated Oct. 22, 2019 in the U.S.
Appl. No. 15/580,661.

USPTO; Restriction Requirement dated Nov. 4, 2019 in the U.S.
Appl. No. 16/076,655.

USPTO; Restriction Requirement dated Nov. 7, 2019 in the U.S.
Appl. No. 16/083,384.

* cited by examiner



U.S. Patent Feb. 4, 2020 Sheet 1 of 50 US 10,548,914 B2

FIGURE 14

v SR
CMV pol EL }{W ” ' 1 ' poly A

- o % it Y i oy 4
A 939 vl ' gdeiﬁgm

pose

Vil

FIGURE 1B

EGM%@ B g}{}gyﬁs
VSV




US 10,548,914 B2

Sheet 2 of 50

Feb. 4, 2020

U.S. Patent

24 id
|
¥ L YN¥SP | vsdY ¢S AND e
HI YN - - qL1
k4 dA0H SIMESD (Z-PH)VNAESP 3e8 | &
LT WNY M
AW &Hm&
SHMISD L AND | 38 | b
£6d < WL

DINCY IR IE!

i



US 10,548,914 B2

Sheet 3 of 50

Feb. 4, 2020

U.S. Patent

'd
|
SOy | SHAISD /A t5d VNUSPL | vsdy | gud 7ed | g
AL
Nﬁm I 4
|
¥ | ddDd | SEMUSD 7} YNUSP | VSdu & AND | aud ded | g,
MIT - - LT
£
maw 3 d
| m
¥ U8 YNSSP | AWD | 757 YNISP | VSdy et
............ dL7 | ted < < L aET |

(w00) D1 TINDIL



US 10,548,914 B2

Sheet 4 of 50

Feb. 4, 2020

U.S. Patent

18100POL [EUL]

Juase afearoD,, A

YNHED
7 ssussuuy 871 ocd A WNUSP | (AWD) 'd | dud | Ses | 4
o) q v - UL |
'a

(w03} D1 ANODIA



U.S. Patent Feb. 4, 2020 Sheet 5 of 50 US 10,548,914 B2

FIGLRE 2

ZAP-70 protein-tyrsine kinase Isakov et al 1998

AR troncporter tapl processing {1TAP} Mayer st al, 1904

ABC trumporter ap? processing {TAF) Meyer gt al 1994

o, U, adrencceplor . Maryamaki ot gl 1984

f-pRlactusiduss A Coppola o1 al, 1994

o and B globing Orozbe ot al 1992

1y glycine recapton - Cascio e al. 1993

s-macrogiobuling {ad) Rompasy & Marvoen 1992
o B platelet-derived growih fector BReplons Jsawen ot el 1992
“Adenosing deaminans ’ Kedin ot al, 1990

alduse reductass Hishimmara of el 1991




U.S. Patent

Feb. 4, 2020 Sheet 6 of 50
FIGURE 2 {cont}

US 10,548,914 B2

gt foan

Macda wt al, 155

G- redutinse ypr 1}

Dreios ot al 1994

Al recoptor and Ah receptor nuslesr translocates

Char vt al, 1994

Alzhsimer armyioid precursor profein

Foamabmishns of al. 1993

Alzheimer Boamylon peptide protursor

Currie gt al, 1991

Amyloid poptide precursor

Fasabmant 2t ol 1996

Amyloid precureor protein

Bhasin of gl 1991

Amyloid b protein precursor

Bhasin et w1l 1991

Ayl presursor protein

Lovwery o1 al 1881

Androgen receptoy

Beoitel ov al. 1993

Angiotoan

Witlisms ot ol 1094

Androgen receplor - Chang et 5l 1992
Antithrombin Il Gillespiz ot gd, 199

Apolipeprsiein B

{freteh o s, 1991

Aromatase P430

Amernrh & Sunpron 1988

Autvantigen of Wegens's granolianatrosts (TR

SRymkinwiak o1 gl 1998

b1, 2-Meacevigluposanunyransfersse LRONTD

Wagner of al. {996

1 2 dimees of Gguolsis

Tristrirh ot ol 1697

binding protein

81027 cubunite of hetertrimenie guenine mcleotids

Chrabar st al, 1992

Bt —adeenergic receptor

Bavet ot al. 1992

{12 —adrenergic recaplor

Fleymenn ot al, 1993

- -adrenergic reoepby kinese

Blcedme

Sehlemann ot a1, 1993

% interieron

South et al, 1983

i P2 glvesprotein i

Igarnshi wt al, 1996

BOE

Alnemn et al, 1999

BULZ anvoprotein

Raud et al. 1982

Fig.2-2

2




U.S. Patent Feb. 4, 2020 Sheet 7 of 50

FIGURE 2 (vonb}

US 10,548,914 B2

aute

(o P
e

i home roorphogenetis prodein 2

Poul ef 3l 19595

Tgl sequence

Poul et ol 1993

{ireactive profein

Mamell et al, 1995

cAMP-specific phosphodiesterase

Armmgadrie et al 1593

CDOSIARG 1% Higand

Buanan ot sl 1998

T

Murphy eual, 1999, Lazang
ctal 1992

Lded2 GTP-binding protein

Cerione o al, 1995

¢~ fos protun

Tratner of ol 1990

CYPIAS Nang of al, 1954
salpain { Muoyer et al. 15594

Carcinosmbryonc antigen

Beiet gl 1994

{arswumreyone anligen L0 855

¥amamaks ot ol 1994

Carcinoepthryons: suhgen LD66e

Yamamaka et al. 1998

 Choleoystokinm B {CUE )

Cimpl v el 1996

Uhonogonadotropin o subusal

Mgkhal of 8l 1991

Chorlogonsdotropin B-subumt

Chen et sl 1691

Chortogonsdotropin f-subunit descarhoxyi-termingd
peptide

hen and Rahd 1093

Choriomic gomadotropin hormionse precorsor

Wakhai wt 8l 1561

Chorionie gonsdotrapin hormons (Beaubunit)

Hasumn of o, 1994

Chononic gonadotrapin hormons § subumit

Connplement Oy

Makhal ot g1, 1992

Susxat el 19%

Complement Ol proenzyme

Gl of &, 1989

Uoraplement proteds OR

Tombivso vt ol 1993

Cortizosiermd hinding globulin

Ghose Dastidar e al, 1591

Somws protein

Mivamotn et al. 1583

)
Fig
& -

L%

¥nd
3
i

E¢



U.S. Patent Feb. 4, 2020 Sheet 8 of 50 US 10,548,914 B2

FIGUREZ (vant}

; i
Camplomeat proicia OF
Corticesterond inding globulin (UBG) {3hose-Diastidar el al. 1991
{reatine kuase B {BCE) de Kok st ol 1993
Cyoloogygunsge.d Cromlish et al, 1994
Cvinchrome b5 Parten & Korh 1998
Cyioghrome B338 Katkin et al, 1992
Cyiochtome LY EaAG Lev et al. 1993
Civlachrome PASH LY PAA4 “Buters 2t al. 1954

T Cytochrome P-450 isofvmmis) Clair gy al. 1994
Cyiamegalovinus 65K togament phosphopronn La Pauci et al, 1994
Evtomepaiovires 1B 1, (E] exon 4 Davrinche ef 51, 1993
Cytosohe phospholipase A2 Abdullah of . 1995
D34 dopumine receptor ’ : Mills st gl 1993
DNA figase 1 Cailing e ot 1993
TN polymerase o sapmni | Copeland and Wang 1561
DA pobyraerase o catalyiis subnidy Zhoy ot gl 1940
DNA topoisomersse | Zhelhovshy & Monrs 1994
Diooamine D2 receptor Taviteh of ol 1004
BOF renepior Greenbield ot ol 188E
EGF receptor-iyrosine kinase dommnn Wedsgaertner ot al. 1589
Endothehial mine oxide synthase Chen et ol 1998
Epidermal growth factor recepior ' Waterfield & Uroenbeld

159

Epdermal-growin-[acier reeepior protendynsing kinase | MoGlyno et ol 1992
Epadermad growth fuctors IX and Xiia Astermeck ot al, 1994
Frytheneyte aon exchonger Dalo ot al. 1596

Erythropoietin Craelie o oL 1997
Bstrogen recepiir ' Beekoman & &, 1994

Fig 2 -4



U.S. Patent Feb. 4, 2020 Sheet 9 of 50 US 10,548,914 B2

FHCURE 2 {ronl}

factor WIH - B dormadn deleted

Fibrohiast grooil TACIOF FoCeptor sublype ligand busing

domain

i Siskoatoal, 1992

ipllicle-stirmulating hornione mwoeptor

Chnstophe ot al, 1593

furin

Breavo ot al, 1994

DABA, recepior i subumis

{TARA, receptor i} subumits

B et al, 199
Hirnir o gl 1995

gasid - ¥ antigen

Stravsbarg et el 1992

AP oyndheines

Loe ot o, 1004

{ucooerehrosidass

- Martin et al. 1928

Ghssocortiontd receplor

Sripbvassy ot 2l 1880

- (Gletarme scid deeashboxyiase

X

auch ¢t ol 1993

gheoine roceptor ¢

[Wiorr et al, 1595

U Hroup b roiavires ADRY, YP4

BMackow et gl 1993

group I Faospholipase A2

Tremblay et al. 1993

grawih oo

Snathy ot o] FUGS

growth hormons reseplor - exiraselinlar dommn

{Ha et o, 1991

S-HT,, reseptor

Mulheron of al, 19594

fat-1 mraosforming protem

Mivagawa ot al. 1988

heart (R - 3-hvdroxvhutyrate debvdrogenuse

Gireen o al. 1996

Hematopoietic ghyeopeptide srythropsielin

CusHe ot al, 1993

Hemopexin

Satoh ot al, 1994

Heparin cufsetor 1

Ciascis et al, 199R

Hepatstia hwirus ¥ gontsis

¥lern at ol 10832

Hepatooyle growih factor

Yoo ot al 1993

Heparooyle growth fanliy

Tleset s, 1993

high-affanty g recepior-a chan

Yagi et al. 1984

Fo-hydroxysierond debydrogensse '

Breton of al, 1959




U.S. Patent Feb. 4, 2020 Sheet 10 of 50 US 10,548,914 B2

FIGURE 2 {vont.}

.
S-hydroxytryptemine receptins {5-HT , 38T 50 5-HT,pp | Parker et al 1594
5HT ) | -
A Carayannopouios et al, 1998
T3 vocoptor o B F chairs " Uindqvist et al, 1593
Tmmunodefolency virus-lype | gog presurser Thazal ¢ral 1994
Immunedefaeoey vinss- gpsl Laeral 1993
Immunodeficiency viras-1 gpi2o ) Vel et al, 1993
wsatio holurspior Paglet al. 1990
- insulin reoeplor subsirste-] Siemeister et gl 1995
| wsulin receptor Besubunit Harrers o 21 JARR
- insalin receptor § wobunit ransmembrang/oroplannic Listal 1992
domain
snsulin recepior eotsdomin Swsorn of b, 198D, 1994
wsalin pceptor protein-tyrosine kinase domun Bl ol nl 1988
it s eoapist cyioplagmic domain of & sudbumt Herrera ¢ al, 1988
insulin reveplor protem tyrosine-kinsss-cyloplasmme. Eilis and Levine {991
domain
sl libe prowth faoter T Cangowe and 14, 1904
sndtanike growth fsoter I darumote ot al. 1992
Inerceliular adhesoon modeeule 1 GCAMA Cobb et al, 1992
- Interferon-g glynoforms Qgonah gt ol 1985
Totexisokin 2 Swnith e gl 1985
interleniin 4 giycoprotoin vanams Crabenborst ot al. 1693
Igmrieukin.d raoepior gares chain Rauvio o al. 1983
Interdenkin 8 Brown ot ah 15995
Dterboukin 8 Matswurg of gl 1991
Interleukin-§ reveptor ; Wewrgrabsr et al 1995

ey
5
It
Lo



U.S. Patent

Feb. 4, 2020

Sheet 11 of 50

FIGURE X (vont}

US 10,548,914 B2

ron regulatory fastor

Emary-{oodman et el 1993

synibase

Isoforms {reuronal, inducible, endotbelial} nine oxide

Makane et al. 1995

§ B autoantigen

Allaway st gl 1990

Chawln é; Drwen 199%

Leukolriene A, hydrolass

- (riorse oF al 19V

M proftein

Cirover & Roughley 1594

liver carboxylesisrase

i Brosiz gt el 1993

Lymphooyviic activation gene (LAG-1}

Baziorss of al. 19940

feavl hvdrogyiss

¥rol et al 1996; Prskanen
ot al 19486

Lysosomad B-galastosidase

Hoh ot gl 198

Dunk glal 1989

ml muscannic asstvichaling recaptons

Hagnet sl 1994

#d rescarinie cholinergio rocapton

Dubburnan of al, 1988

w3 {had) muscaninic cholinermio receptors

Dehburman of 2. 1988

MHC class I HLA-BZT agtigen

Levy and Kvist 1990

| MHC class U DR4a, DRAb, extracellular doman

Hehperis of al 107

Macrophage cobany stunniating facty

Oy et ul, 1993

Matrilygin

Loper de Turiso et al. 1998

Matallothionem-ii

Schunie! of al, 1983

| Minersiocorticosieriod roceptor

Binart ot ol 18381

| plonoryie chemostiracian profein-1

Uleda of al. 1598, Jahu of al.
1895

Multidrag resustange §

Cierrnzen of o 1OR0

Multidrug resistance P-glycoprotein

Raow al, 1994

Kameyama ot al, 1984

.
2.7



U.S. Patent Feb. 4, 2020 Sheet 12 of 50 US 10,548,914 B2

FIGURE Z {ront.}

Taylor of o, 1975
Myogonis factors my#, myd Braun el sl 189
1 M-formy! peptide recaptor Quﬁhenbﬁ;fg@z gtal 1992
Mo H antiporter Fafournoux et al. 1991
WADPH-P45D oxidoreductase Tarmura et ol 1998
nerve growth fastor - Buxser o ul. 1991
nerve growth fartor receplor Wisssvajthaba o3 sl 1990
Neutrophtl NADPH ouidase factors pd7-fphar], Latoetal 1991
p6&7 {phax]
Nuclear hormone receptor H-2R1IBP Markas of ol 1992
Plucieniar protein pl 30 B Rew o o 1008
Oxytooy receplor Cimpl et gl 1998
p&3 Putterson et 2, 1998
PAs0 2R Paiten & Kook 1593
: Pancreatic Bpase T Thirstrup st al 1993
Pancreati procolipase Lowe 1994
Papillomavirus type 11 B B2 : Broam ot el 1993
Papillonavicus type 13 L1 projem Rose ot al, 1993
Bapitlomaerms typs 16 E2 Bl otwl 1893
Fapiliomovirus type 16 L1 protam Kirnhauer et l. 1993
Papillomavirus type 45 L1 protoin Touze b gl 1996
Paraimiinenss virus type 5, 7, FM, THT Lehman ¢ &l 195
Parsthyrowd bormonsg Mathavan of ol 1093
Paresrvirus B9 wpl, vpl2 ’ i Cubis el ol 1993
Phospholipase &, Abdullah o ul. 1995
Plavonial womuinse (CYPISAL) sigie et al 1994
plasms plasminngen ’ WhiteHegt-Suth of gl 1989
Plaspunopsn ’ - ’ T Thrmacon ot o), 1081

=
s
o

(I
s

Lo ]



U.S. Patent Feb. 4, 2020 Sheet 13 of 50 US 10,548,914 B2

FIGURE 2 (vont)

Satimaas &
Placminagen (HPg)
Plasminogen activator infebitor-2 Peivtal. 1998
Blatelet glycoprotein 1Rb T Finch ot al 199
platelet 12 Hpoyvpenass Then st al. 1993
poly{ ADP-ribose) polymersss ’ (ancr of al 1992
pre-pro endotheln-| Benatti ot al. 1992
pre-pro gastrin relessing peplide ) Leboog-verheyden of al.

1988

pro-aW1H) chaing : Toanita ot gl 1988
Proapnasl | Sorei-Thoras ¢t 8l 1996
Progestorone receptor £A fonm) Eligton gt gl 1992
Progesteroue revepiors ASB forms [ Christensen et 41 1991
proivl $-hydroxyluse 2, b subunits i Vuor et al, 1992
prolyl S-hydroxyiase 2 subunit with BiP polweptide Vesjola gt al. 1996
PIOBAPOSIS Lecunova el al. 1996
prastaglendin G4 synthase ' Cisorge of al, 1998
prostaglandin G7H syathase | Barnet! of 31 199

| prostaglandin G7H synthase 2 ’ ’ Barnett of 9l 1004
orodein disuiphide isomerase WVien of wl. 1003
profews Kipase e Rankl et al. 1994
protein kinase Om Distenich ¢t al. 1996
pro-wrokingse ' {ao and Hu 1994
rab 4 Yung ot al 1992
TpiA U Quilliam eral 15907
reoombinant 18 Kang ot al. 1599
recombinant p38'™ Flotow o of. 1996

“venin _ Mathews et zl, 1998

' respirstory synoybal virus ¥ and G glycoprotsing Wathen ot al, 1989

Fig.2-9



U.S. Patent

Feb. 4, 2020

FIGURE 2 (zont)

Sheet 14 of 50

setinobinsioma ppl 10

Wanig obul, 1390

| retinoo ackd reneptor al

Cruick et el 1998

retinne suad recuplar - gl

Reddy et ul. 15992

ssDNA-bnding protan

Stigger ¢t al. 1994

s steroid-binding protein RSBPAALPE, RIHRG)

Sl et ot 1905

sniubie hunan meuin yeceptor - ectodomay

Siasom and Bls 1o

Ahmootal 1993

Sogi protein

Frack o ol 1995

staroid Sa-rashictase

tohic ot al, 1693

synthetic basic Gbroblast growih fantor

Hiilln & Crane-Robinson
1995

TH (U0 t-lymphooyte surface glycoproteis

THCL2

Aloover of ol 1988

Y.

Teel lenkemis virgs tvpe 1 pd

Nyunoya et ol 1988

Treall protuin tyrosine Kinase

Lelr et gl 1998

T-oell protan-tyrosino-phosphatase

Zander 2t al, 159

T-lymphotropic virus fype 1 evvelops proteis

Yamashita st gl 1982

ternnna! fremsforase

Chang st al 1988

termunal duoxynucisotidyl ransierass

& Primio ot al. 1993

thrombomodulin

Manumoto et sl 1993

thromboxane synthiss

Yokovams of al. 1983

thyyoid honmone 81 recepior

Putlitr of al. 1991

thyrowd peroxdase

Kendier ot ol 1993

Svroopin receptor extraceihular damam

Seuthacsnnaial vt of, (993

ihyroivopin hormone receplir- sxiraceibilar dunain

Husng ot al, 1993

insue inhibitor of metaBloprotemmases-1

Gomez ot a1, 1994

Ligsue plasnunngen solivalor

Jarvis o 9. 1995

tsxue-type plasmunogen actvaior

Steiner o1 a3, 1988

Fig. 2 10

US 10,548,914 B2



U.S. Patent

Feb. 4, 2020 Sheet 15 of 50

FIGLRE 3

Transport penes

totdar

VPRYY in lemdivivug
Pancrestic presecretory proteing

Resistance -ceil {cancer) dywvision prolenss
{Transponer AcrB)

IV Tat
Antermapedia homeobox domain
Mitochondrial carrier proteing

Arino acid: cation symporters
{Proton glutamete symporer

Drug/Metabolite transporier
{Multidrug resistance ransporter Epull}

Lighy absorprion-drivern wansporer
{Bacieriorhodopsin-like proteins)

Transmembrane Cvitothrome b-like protens
{Coenzyme $-oviochrome redustase}

Electrovhemical potential-driven wransporters
{ATFases)

Miuochondrial membrane transpon proten
Ghucose fransporers

P-glveoprotein

Ghatenmate transporter

Morepinephrine transporter

Fig, 3.1

US 10,548,914 B2

References

Lat and Brady, 2002
Thomas, 1982

Krishan ¢t gl, 2044
Cary ef sl 2006

Selowareze of o, 1909
Derossi et al, 1996
Watker et al, 1992

Kochet al, 2007

Livehits, ot al, 2003

Wanchuk o b, 20603

Dudking et al, 2005

ishmukhametov ot gl 2007

Micholis et al,, 2045
Hediger et al, 1994
Michael ot al,, 2002
Shigeri ot al., 3004

Shannon et al, 2000



U.S. Patent Feb. 4, 2020

FIGURE I {vont)

Yesiculsr monoaming ransponter

The H+/peptide coransporiers
{(PEPTI/)

Renal peptide iransporters

Apolipoprotein B

Sheet 16 of 50

US 10,548,914 B2

Referenges

Rang et g, 2003

Kenichi et al., 2000

Danigl ot al,, 1997

Greteh et g, 1991

P



U.S. Patent

Feb. 4, 2020

Sheet 17 of 50

US 10,548,914 B2

Induser

Refersuons

Regulaton of human

metalintnonsin - HA gene

Phorhol Bster TFA)

Heavy molals

Palowter of al, 1982

Hastingor and Farin,
1985 Searle ut al, TURE;
Stoart et b, 198%;
magwws ot al, 1987,
Banis ot al., 1987, Anged
gt al, 1987 MoeNesl ot
al., 1uk%

MMTV {mouse mammary

tamer virus)

promuoter ivelved

tnt rogulution by
Ghucocorticomds invelved
Pathway in Chronie Obstructive

Polmonary diseass

Cuponorticon’s

hangetal, 1981 Lee st

wh, 1981 Myors and

Yarmus, 1983, Chandler
ot al., 1983, Loe ol al,
1084; Toata ot al, 19835,

Gakai cral, 1988

B-buterforon

regutation of infection disease

Paly(rix
poly{rs}

Tavenier o al, 1983

Adenoviras 3 ¥2

Gene therpy promotr in anti-

sancey hnfoction diseass

Fla

hoporiale and Neving,

1984

Collagenasy

Ce

auti-wrinkle application

Phorbol Ester (TP}

P Angeletal, 1987

Fig 4~ 1



U.S. Patent

Feb. 4, 2020

Sheet 18 of 50

FIGURE 4 {owel.}

US 10,548,914 B2

Strmnciysin
applicatioy oo vardiovascolar

i

SV4n

Crene Vagtor selestion

Phorbol Ester 11 PA}

i Angel ot al, 1987

dournine MY Gene

for Noweastle Ssesse tn bird

Interforon, Neveastle

Trigease Virug

inchustyy

GRP?E Gene A23187 Hesonder of o, 1988
regulation of Hepatitis U virug

g-d-pgoroglobulin Het K ot ad, 1969
Sickie coll disvase

YVimentin Srrwm Bt e b TORG
Berors induotbility of the

Innnan vimeniin promoier

MHC Clags | Gene H-2Kh Toterferim Blunar ot al,, 1989

regutation for canver/gene

therapy
AP - Ela, 8V40 Lange ¥ Tavhw ot al, 1989

Cedbapenific sciivation of
Glindenell

Agsiigen

Taylor ared Kingston,
1900, b

Proliferin
Cleonis myvelogenous lrukemic

coll

Fhorbol Bsler-TPA

Mordacy and Lineer,
1989

Ty Necrosis Faotor
cancer vell gene thergpy,

i inunune dissase

FMA

Hengel et g, 1989

o

Fig 4 -




U.S. Patent Feb. 4, 2020 Sheet 19 of 50 US 10,548,914 B2

FIGURE 4 {vani)

Thyvrotd Sumslating Horsone | Thyroid Horoone Chatterjee st al, 1988
a Gone
Thyeotd sell spevific promeoter

achivaior

MY promoter
general mamnaiian prometer

Blwn-1

fanman nowon-speciiiv
prowmeter
HPEA

Fman Frossue Specific

Antigen Prometer
KMIUKAR

Human Cholerystorbdn (UCK}

prosmder for gone deag specifie
expression in paucreatic canesy
redly, but not in normal cells

hAFP

aman Alpha-befoprolam
FEOMOLT
Specifioity: Hepatocaihdar

varcinoms {Hver canver cells}

Neu-{mooven/c-arhl2
promoter
fumian broast pEnoreatic cansey

e sttt

Fig. 43



U.S. Patent Feb. 4, 2020 Sheet 20 of 50 US 10,548,914 B2

FIGURE 4 {cout)

1 Refereness

{Carcinoembryonic Aniigen)
humaen optthehal seneer sells

{lung cancir, gastric cancer

seHs}

Fig 4.4



U.S. Patent Feb. 4, 2020 Sheet 21 of 50 US 10,548,914 B2

FIGURE &

tin Heavy Chain Ranerit et al, 1983; Gilles ef 2}, 198%:
Grossched! and Baltimore, 1888; Atchinson and
Pary, 1986, 1987, Dudes ot al, 1987,
Weinberger ef al., 1984, Kileditan of al., 1988;

Partewm w5l 1940

Iemwanogiobulin Light Chein Quven and Haltimore, 1283 Ploard and
Schaffner, 1984
T-Cell Becoptor , Laria et &b, 1987 Winoto and Baltimore, 1989,
Redondo of b, 19590
HLA DO and DB Sullivan and Petoriin, 1987,
B-Interferon Chodbourn of al, 1988, Fujlta et b, 1987,
Goodbourn and Maniatis, 1988
Tnterlenkin-2 Greene et al,, 1989
Interleston-2 Recoplor {reene el all, 1989, Lot al, 199G
MHC Class 11 8 Koch o1 al., 1989
BMHT Class HHLA-DRa Sherman of al, 1989
f-Actin ’ N | Fawamoto ot sl, 1988; Ng ot ol; 1082
Musele Creatine Rinase Eézﬁetzms; et ad., 1 938: Horlick aad Benfleld, 1989,

Johrson et gl 1988

Presdbaunin (Trangthyeatind Cazta ot al, 1088

Flastase | 1 Otz et al., 1987

Meatallothionzin K et al,, 1987; Culolta and Hamey, 1989

Coilagenase Pinkert ot al., 1987; Angel et al,, 1987

Adhumin Goene Pinkert et al., 1987, Tronche et al., 1989, 1990

a-Frioprotein | Godbout et al, 1988; Campere and Tilghman,
1589

Fig 5+ %



U.S. Patent Feb. 4, 2020 Sheet 22 of 50 US 10,548,914 B2

FIGURE & (cont}

3 : i R ECORTCEIe
Hedime and Ly, 1987, Parez-Siable and

revutastiva, 1RGG

3-Globin Tradel and Donstanting, 1987

oeding {ehen ot al, 1987

Sedl AWTas Treeman, VGRS, Deschamps of o, 1983
fusulin o Félund ot al, 1983
| Meural Celt Adheaon Muolscuie el et al, PO
P NCAMS

1, Astiirypain Latimer 8 81, 1990

H2B (THIR) Hixtone Haeang ot al, 1950

Mouse or Type I Collagen Rpeetal, 1989

(lucose-Beguiated Proteins {GRPSS | Chang ol sl 1588

and GRP7E:

Rat Girowih Hormons - Larsenotal, 1988

Human Senon Amviold A (SAAG Bébrooks ot ul, 1989

Troponin {1 1} Yizey etel, 1985

Blutelet-Derrved Growth Factor Pech st al, 1989

Duchenns Muscular Dvstrophy | Klemet el ol 1990

§ven - Haneryt eb al, 1981 Morsau et sl, 1981 Sleigh

ard Lockets, 198%; Firek and Subramaman,
1488 Herr and Clavke, 1988, Tmbra and Karis,
HES, Kadesch und Berg, 1985, Wang and
Calume, 1988, Ondelt et al, 1987, Kuhd et al,
$987: Robaffner of al,, 1988
Polvoma , Swarzendruber and Lehman, 197%; Vasseur 2
al, 198G, Katinka ot 5, 1980, 1981 Tyndell &1
- al, 1981 Dandolo et al, 1983, de Villiers et 8,

1984 Hen et ., 198G Satake @ al, 19RY;

- Carapbell and Villarreal, 1988




U.S. Patent Feb. 4, 2020 Sheet 23 of 50 US 10,548,914 B2

FIGURE & (vont)

Retroviruses Kiegler and Botchan, 1982, 1983 Levinson gt .

&l 1VEE) Kriegier ef g, 1983, 04a, b, ¥4,
Bezre ot al, 1986; Miksicek ot g}, 1986;
 Celandsr and Hagslting, 1987 Thisesn o al,
1988, Celander of al,, 1988; Chol et al,, 1988,

Basman and BoRter, 1989

Bapiioma Wine Canpo of ok, 1083; Lustoy ot 1., 1983,
Spendidos and Wilkie, 1983; Spathols et &,
1933, Lusky and Botchan, 1988; Cripe et al,
1Y, Gloss et al, 1987, Hirnchika ot gl 1987,
Stephens and Hentachel, 1987, Glog et al, 1988

Hepatitis B Virus Buila and Siddiqu, 1988; Jameel and Siddiqud,

1936; Shaul and Ben-Levy, 1987, Spanday and

| Les, 1988; Vannice and Levinson, 1948

Human Immuno- dehiciency Viras | Maesing 6t al,, 1087 Houber and Culhan, 1988,
dakobovits gt al, PYBE; Feng and Holland,
1938; Takebe et al, 1988; Rosun et ), 1988,
Dokbout ot al., 1982, Laspia ot al., 1989, Sluuy

and Marcinial, 1Y8Y, Bradoook ot gL, 1YeY

Cytomegalovins Weber of al,, 1984; Boshart et al,, 1983
Foucking and Holstoiter, 1986

CGiibbon Ape Leukemis Virag Holbrook gt al, 1987, Quinn et al,, 1989




US 10,548,914 B2

Sheet 24 of 50

Feb. 4, 2020

U.S. Patent

dogie pBoioig IR0 30 44053

HEG B RIS Mudrusg

P

ws slieapa
ORBUATUT

BUCY 1IP0I

o %o ke e e

WA AN

g JdnNoid




U.S. Patent Feb. 4, 2020 Sheet 25 of 50 US 10,548,914 B2

FIGURE?Y

ELEMENT ¢ Fhu Rogulatory Piest Beeund Seeond Refurense
‘ Fubele Aaddd Hrwrologuus Hevervloposy
Fngenee Pgelele Agid Cugdele Reid
Segurars Beggrence

Caiy P § BebIRMAC

PARCREATIC L34y P23 oris BMAL

CARCER

ks
s
B

y
P

FLAVER AR Fi TREERNE

Aipha SRVEEE 4HE

falaniosidee &

B

Moy
FAREINSEES LAY BRI
BIREARE

LEBBIRY
dustrad nau
Sk
AR

ELEE

srivind nosotseplc
3

R fweine
a3 RO

DEEEARE

e

i ahrye
Wiseaned




U.S. Patent

Feb. 4, 2020

Sheet 26 of 50

FIGURET {cont.}

US 10,548,914 B2

CIEREIERTT AL
kY BOEIS
AR aRg
aptie fetve
Hupased

+ et gene

CRAE

ELEMENT | #ira Bogulvtory First Sk Sevund Refurensce
* Myvheic Acid $teteratngons Regutatory Meterotopg
Hesprense Nuelele Avigd Nuctede Reid Nueoleis Agid
PRERCATION Snapence Hogmence BRencs

CORMETIC
ARG erinki
Liene Heugont

RV

Clravage ik

Tl fmomehating
RS

Fowy rerssdisan 3

LS

Farmalage ¥

Cry

thredidas

{FERETI
Al Wrinkle
Tiunw Reagrng
Formataie 3

LAy

Llsarage s

e

CRSMETHC
j YR
abinetreent
Bragent

L34

2 {RME
rendpiing

SOH (desmaglvis




U.S. Patent Feb. 4, 2020 Sheet 27 of 50 US 10,548,914 B2

FIGURE T {contd

INBHIATHEN

{nsed Ntrwstpesi
$ienms

hesne Tops

Exemplary Construst

RBeforvase

Adbreesst Ghand s

Bamon Al M,

Luronery drieey Pusse

fealia

§oxrdiovasesise Disetse

oA
Pophi

LY OBV - (A -
B rglA

Lungenitsd Setithrondis
¥ Beficioney
Rivay Phaase

¥
ST A aud
phiA

Adphast Antivrypsie
Paficiensy
fung Pisesss

Anitrypain, aiphs

R a0 N
hogliNA BFLE

LA 00V e TINA
{8 - hegliieA (RFLE

Tongler Miiense with
Lorpuury Asteey Dlivgse

Apsdipopratsts Ad

oo PA, gl
BeglINA

Coransey Avury HHseuse

Apotigmpeoiotn A8

ik Fagtor oy
Adeliswer’y favuse

ool

LY - OB - BaoliA <
{081 - RNALB-

weesiaidy

g

Fresennticre Yaralar
Pizewsy

Agpstipepwreredn £03F

RN TR A
HELY

A

frediuenn €0 BN &Y,

Crrdiovesruisr Bisews
soish Matahadie
Svadsame

LR STUSECYHBCRTRS IR
{.ipaproteis

Apolipaprotein €4

S B

ierabral Patsy
Adrheinsr s Paehie

Apolpapreacin §

frelINA

£ - LMY« henINA -

LY
FHT BMAG
iy 4
svetipdnddd




U.S. Patent Feb. 4, 2020 Sheet 28 of 50 US 10,548,914 B2

FIGURE 7 fvont)

\ FLEMESY | Cloned Straciurst ChossTeps Fuemplory Cumitrat Heforvomie

Ex T

PBIUATHE

Congenisal Hoaet Bluense ?&2“:‘-35 Nairiuaresio

Lrobn's Bhease - it
tnsianvmainry Sowe i eperity, Alpha
Plavase

¢ @ bR
< heghaka

Cestasiognst E i .
Froghoblust Hyessn Gionaduioapio Bex M

it TR S

HEILTY, 1R

Endection Teaus Tigernien g PEAEE STE P L E

Campliae Bhsase

Lirave's Psvse v $X

Fand Fiipeak Comyrangn U

e LA
ES Rt

Lovngosss Béommye iexesnge et 4 S aﬁ;ﬁ A, md

“Alzhelmer’s Vissase
A Birsss Favtor

Fendrapie velpssing @mp STHRA LY UMY - Baplig -
3 heglilia { + BMAL -
: ishE

i“ﬂk’si&ti‘? FHREBTIR SRneRy

Fongee foral Usover | Hpidermad growih Breobiba il O
it renpnipha

USRS O

e 8

Famuisens Pisovder Esnhiby Gdvelntane FEEEGA

Fig. 7.4



U.S. Patent

Feb. 4, 2020

FIGURE T {eanty

Sheet 29 of 50

US 10,548,914 B2

PBICATION

Clonsd $trosiurst
LR

lomType

Fromplary Construet

Refsroace

Camgenitnd Heart Disenue

i ec%’w::-;, &, PRAS,

Iufasmstion Hitsase

AR

e ERR e
FINA
BATEANA

X, i

: oo D5,

Faster X

Leyiuy BF, PNAS,
EIRT SO LT

Byslibriovgronads
Bisgrdes

st 148, PHAS, 80355,

Lardisvaseulur eans

A5, JHC, 2
A

Forsple win y Pavnse

kaomiade
?&-rssn.-f;,

RIRE 23N

Beehnded D8, PRAL,

Hansn Plabodes

Uiluragen., propos

BRI
SR

Lovascstn Bhasssuinn
- Theficteney and

o, UrentrfddeJokalds

{3ther Girsoth Bsarderes

$isevnth hawvaons

‘ Lirowth Horsmone
$hefiviney and

oy Croutrfeldt-dakad
Bluease

iher Growid Bharders

invadh harnons, BF

DA

Femrudamvinin

Beting fhsesns

Flanoponeg

Belida LY
o

Btandey BE, BMBO 2,
LRERT T

Frisghotdnushe Blesse

Mo Ad, Nat, MEASE,




U.S. Patent Feb. 4, 2020 Sheet 30 of 50 US 10,548,914 B2

FIGUREY {vont)

ELEME

NY Clousd Strusturat Llane Ty Eseomplary Constroct $aferenee
Conars:

ERIHCATION

- £ibesity Svadreme vsulin, oo

Borieanie Hewrt Dhosse
Amyotrephiv Latgesd
Seteranis

Yok growth

8, B, MboalE,
s 3 ; K]

k

ubs-dike gre
FENR

{hvanie Liver Bbsase

Hramphiila e dests Soves, o
Willebrawd's Pves: koo
Hepathtis Bivease

Regutation of Brmauns Erderfari, bats
Fesponsy in Yived séifradas)
fufeosion
Fhenmsriviafiammation
fHisennss

ey FW, Mag, 3
PR i

CB hrDA ~ ] Gy PV, Dan, BECRE,
YDA f041

Fhenwsadald Asthrifis intesferos, pRanhR fciA LY
Proxense Fisrne BoglENA By -

Rivensatnid Mool risrlendaia [T 225N L ONEY ol Lamndien 177, T,

e

W8

BV Fhoragy interieadis- X fab&a

Joimpensiguistory o ¥ § Toel Goetl ol i,
i fphA
e

Lo
pos
3

&
e

tomimune Pesse rprieukin-d w4
foprotiferssbee

Pinvase

Rienuteid Dlseasy Hivdnogen twe Bawe | hovine
Davving,-
[ARR 2

e H, PRAS, Sdl
2% ., K,

oy ety Trseane Leuteiadizing honwns, | BgiBs o Ol
Dok subuni

W LAY - hoplaA




U.S. Patent Feb. 4, 2020 Sheet 31 of 50 US 10,548,914 B2

FHGURE 7 {vont)

\ ELEMENTY $lomed Steupturad Chine Type Exnspbary Lonstrust Beferuss

Eleinee:

INGHCATION

Dibsprders o
Bepruduntbre Ludowrine | of
Systom

s S B EENA

LN OMY o DA -
DA RR L

st ool growth
gt

RS LU W f

Megrologiont Dlorders Farve groswil Sy,
e b

LY« MY« hegliha -
CRy~¥53

Aninbamny Poegse

Pasvrestic Deesas REV L BDNA -

hepTiRA
Beghinag

P
Hypeparathreaidism

glakda

Rigdinawski B9, Pad B,
FEETGE, N8

Livey Trsoasy

ardinmetabotic #
Frtauseades

%

B f3A

Tisnisdng’s Fsesen Brasgriarrehiasariis B O A
LRI04

WY TS, -

Congenitsl Theomdumle
Eisunse

Bclihs H
{

Cwrenary Hert Biseese  § Prothoomiin ovinm-aibs

¥aseesmsiviviton Bisesse | Rudads hegfIRA
RN £ e )
Ly

B, ERBO L
IEMY, T




U.S. Patent

Feb. 4, 2020

Sheet 32 of 50

FIGURE 7 {cont.}

US 10,548,914 B2

ERBECATION

ELEMENT

Choaned Sornetursd

£ et

Clsae Type

Exemplary Toastvuit

Kelwenue

$Hatasic Honal senns

Basrsin, propes

Y L OMY ;
{UE hepliac (U8B -
Lh

HndlE, e

. Pieuitesy (e
Huntiagtos's Masnge

fonteredadniat

FREE N A I B 12 I

S I, FNAL,
wiot 81, i
b VS

- feBamuutory Blseas

Subsemees FEK

Foving-gfiHA

s B, Mat, 312000,

t Gasfraenteroiogioad
Therapy

Tuehpkiniy, pregrn,

fsine-ciiA

Raws H, Nap, 308032,
SERY

Theoudorembolic Biseasy

Lhokdne

ros A

Vessde P, PRAS, $14702,
RS




US 10,548,914 B2

Sheet 33 of 50

Feb. 4, 2020

U.S. Patent

{180 50301 URgD SHAD 03

Y8 3RO




U.S. Patent Feb. 4, 2020 Sheet 34 of 50 US 10,548,914 B2

FIGURE 8C




U.S. Patent Feb. 4, 2020 Sheet 35 of 50 US 10,548,914 B2

PR gene

FIGURE 8D

e Bk
L
oo
W B
st fove.



U.S. Patent Feb. 4, 2020 Sheet 36 of 50 US 10,548,914 B2

e £

Betecied Cloned Sirovtors! Gones

Referenoe

pr




U.S. Patent Feb. 4, 2020 Sheet 37 of 50 US 10,548,914 B2

B

s

e
e




U.S. Patent Feb. 4, 2020 Sheet 38 of 50 US 10,548,914 B2




U.S. Patent Feb. 4, 2020 Sheet 39 of 50 US 10,548,914 B2

Nedevted Oloved NMrpotursd Hones

£ one Ty Bulvrency
e e




U.S. Patent Feb. 4, 2020 Sheet 40 of 50 US 10,548,914 B2

R
by

e
i

34




U.S. Patent Feb. 4, 2020 Sheet 41 of 50 US 10,548,914 B2

Nedveted Cloned Stractarad Geomps

Clone Ty

129




U.S. Patent Feb. 4, 2020 Sheet 42 of 50 US 10,548,914 B2




U.S. Patent Feb. 4, 2020 Sheet 43 of 50 US 10,548,914 B2

FIGURE 8 {cont.}




U.S. Patent Feb. 4, 2020 Sheet 44 of 50 US 10,548,914 B2

FIG. 10




US 10,548,914 B2

Sheet 45 of 50

Feb. 4, 2020

U.S. Patent




U.S. Patent Feb. 4, 2020 Sheet 46 of 50 US 10,548,914 B2

O o o o o . 2 .
™ 22 3 2 4 8 & =
© (8) 1yBiam Jowiny

T



U.S. Patent Feb. 4, 2020 Sheet 47 of 50 US 10,548,914 B2

FIG. 13




U.S. Patent Feb. 4, 2020 Sheet 48 of 50 US 10,548,914 B2

FIG. 14A

Day ¥ Day 12

Tumor Size Tumor S

Group | yw xH = Vol (mm?) |Lx W x H = Vol (mm®)

Namo Tinnor

Growth
Rate™

Individual Average Individual | Average

fIIRES G104
224 .00 G0 .00
Y1 364.00 3688 84 04 813 B0 2%
20000 £4.00
432 00 G600
540.00 F2.00
240300 .00
K24 4408 3468 £330 ¥ FE A
252 60 LS
450 0 125 00
360,00 140,00
Va3 268 00 3431 10,00 484
AAAAA YT

o

ond
e
ed

kg

05,00
B4.00
PG 50.00

1g 217 8%

{3
-
E

Ll 24

£ L (IR

7

3
RHemark Yab time drug inecton 2 e drag miaohon




U.S. Patent Feb. 4, 2020 Sheet 49 of 50 US 10,548,914 B2

FIG. 14B

Day 16 Day 21

Tumpr Size Tumuor Size
Grou LxWxHaz Vol LxWaeHaz Vol
® {mrm’) Tumer fmm’y Tumor

MName
Growth Growth

Hate Rate
cdividual | Average individual | Average
8200 350
62,50 800
W 45, (1 41.5 B85, 3100 0.2 G6.7%
£.60 .02
3150 15 0
%‘a-’“ {1 44300
Ve i}@ 45,4 88 % A3 23.0 93 4%
EHREY %;é fi }
24 G0 48 {0
V3 6750 44 8 BE.8% 18,00 17 8.7
28,50 1800
4.6 3,20
15000 ZEE .00
TG 1650
B0 182 00 M35 1 BIEE IBO00 2462 1 81258%
11 00 234,00
220,00 S00.00

Hemark Jedd tne diug oechion dif B drogy ineohion




U.S. Patent Feb. 4, 2020 Sheet 50 of 50 US 10,548,914 B2

FIG. 140

Day 28

Tumuor Size Tumnr Welght
Lx W H = Vol (mm™ {mg} Ratio of
Tumor
Group Tumar Waightst
Nams Growth arting
e A Hate e _, Tumnor
inthivitual | Average ilividual | Average £ it

trnrioam™

24 08
EE AERLE

) o9
HEREE

1324 .43

('::.4

]
[#3]

[EXIR IR R
40,04
bl f s LN ~HE T L AR 3.4%

[
W‘h.:,
A
e,
i
o

o)

HESA L ESHO% (g LeRy, VARG
A58 080 {205 0

=

Famark







