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“Pharm” animals (transgenic livestock)

Bioreactors whose cells have been
engineered to synthesize marketable
proteins

DNA constructs contain desired gene
and appropriate regulatory sequences
(tissue-specific promoters)

More economical than producing
desired proteins in cell culture
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¢ Gene Transfer Methods for Creation
of Transgenic Animals

@ Direct pronuclear microinjection
@ Virus mediated gene transfer

@ Embryonic stem cells

@ Sperm mediated gene transfer
@ Nuclear transfers

@ Gene editing (CRISPR/Cas9)

Direct Pronuclear Microinjection:
Inject DNA directly into male pronucleus
e

An one-cell stage
embryo is ready to
be injected and
the 2 distinct
pronuclei can be
clearly obtained.
The DNA will be
microinjected into
one or, if possible,
both pro-nuclei.




Establishing Transgenic Mice with
DNA Direct Microinjection

S)Virus mediated gene transfer:
Virus particle package and embryo infection

I. Recombinant virus particle
produced in packaging cells

I11. Embryonic infections of
recombinant virus particle

I1. Harvested and Concentrated
recombinant virus particles
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Establishing Transgenic Monkey
with Retroviral Vectors

Chan,A. W.S. etal.
Transgenic monkeys
produced by retroviral gene

Science 291, 309-312 ( 2001)

transfer into mature oocytes.

Embryonic Stem Cells:
Derived from ICM of blastocyst embryos

1 Explants from
35
~67 days.

2 Ablation kills
non-ES
cells,
~2 weeks

3 Expansion of
ES-like cells
~ 23 weeks

4 Passage 1 ES
cell line
~ 45 weeks

5 Established pure [ 5, 00 &5
ES line
= 6T weeks
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ES Cells Injection into Blastocyst

A Day 4 blastocyst is being injected. Each blastocyst
will be injected with 12-15 healthy-looking ES Cells.

Knockout mice produced by ES cells

"Knockout mice’ study wins Nobel Medicine

Prize

Posted Mon Oct 8, 2007 10:00pm AEST

Three scientists have won the Nobel
Medicine Prize for their work in
creating "knockout mice"”, now used as
the 21st-century testbed for biomedical
research.

Mario Capecchi and Oliver Smithies of the
United States and Martin Evans of Britain
won the prize for their embryonic stem cell
discoveries.

The Nobel jury said in its citation that the
trio was honoured for discovering how to
genetically manipulate mouse embryonic
stem cells, leading to lab rodents that
replicate human disease.

F <9
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Sperm mediated gene transfer

« Started by Lavitrano et al in 1989 (Cell
57:717-723)

» Sperm co-incubated with constructed
and used for IVF (or Al)

» Can be a very powerful technology

* Transfected sperm may be injected
(ICSI) with high rate transgenesis

* Need more research in other species

Linker Based Sperm-Mediated Gene Transfer

Modified Sperm-Mediated (LB-SMGT)
Gene Transfer Technolo
= =¥ @

A —

Spemfrtl s the egg rygthf eign gent
into the egg where it is potedtthgm

DNA :
+- Fe304 D 9 c . —
'S Complexatlon Mice sperm S Mice oocytes
h Offspring of mice
——— T
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In vitro fertilization
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Animal Cloning Technology:

—3 G

Developed diffevertiated cells
taken from the ocgamsm. They
COrgarismtobe dloned have been starved of ratrients

sothat they don't beginto copy
their chromosomes. The copy their X
chiromosarmes right before the cells Eegins to develop

reproduce themsebees. Two as &n embicyo
copies of chromosomes can case °

defects inthe organizm.
O Trriplanted frta
aewe

2 glass pipette smaller Eqg cell and cell
n diarneter than haie tobe cloned, ave

Wl = R
@,

Unfertitized Egg Cell

Eaq Cell with no Huclens

—)

Hucleus removed from eqg cel Clone is born

Cloning
ey n, S

Animals by Nuclear Transfer

- | A

(Kubota et al., 2000) (Chan et al., 2000) (Shin et al., 2002) (Vanderwall et al., 2003)
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C) CRISPR/Cas9

Guide RNA
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TALEN or CRISPR
Tal Array 1 Fokl Fokl Tal Array 2
Decision 1: W— X x N——— Cas9 E
er—— T —
8
Homologous ar Non-homologous
Recombination End Joining
Decision 2: — ..+ —
Homology  precision ~ Homology Truncations or
Arm <1kb Gene Arm <1kb Knockouts Only
Edits
Editing of Injection into
s Somatic Cells + or Zygote
Decision 3: ygr

Nuclear Transfer

S

transcription activator-like (TAL)
effector nucleases (TALENS)

clustered, regularity interspaced,
short palindromic repeats (CRISPR)

FE P BN 4w 8 ST EE R ST B Ak R

yzEi) FEAYEER miEFlT I3k 1Y) SOk

FhtEtlk  Polled locus TALEN SCNT = Carlson et al (2016)

ERL): I SP110 CRISPR/Cas9 SCNT “F Wueral (2015)
NRAMP1 CRISPR/Cas9 CMI 4= Gao et al.(2017)
CD163 CRISPR/Cas9 CMI 5 ‘Whitworth er 2/ (2016)
CD163 SRCR5 CRISPR/Cas9 SCNT 54 Burkard er a/. (2017)
CD163 SRCR5 CRISPR/Cas9 SCNT 5 Yang et al. (2018)

EEMERE BLG ZFN SCNT L Yueral (2011)
GDF8 ZFN SCNT 4= Luo et al (2014)
UCP1 CRISPR/Cas9 SCNT 5 Zheng et al. (2017)
FGF,GDF8& CRISPR/Cas9 CMI LLIZE Wang e al. (2015)
NANOS?2 CRISPR/Cas9 CMI 5& Park er al (2017)
BMPR-IB CRISPR/Cas9 CMI 4H=F Zhang er al (2017)

EVIBEE: EGFP ZFN SCNT %%  Whyte eral (2011)
PPAR-y ZFN SCNT 5& Yang e al. (2011)
LDLR TALEN SCNT 34 Carlson et al. (2012)
B2M TALEN CMI 55 Wang et al. (2016)
vWEF CRISPR/Cas9 CMI b4 Hai er al (2014)
SLA-1,2,3 CRISPR/Cas9 SCNT 54 Reyes er al. (2014)
a 1,3GT CRISPR/Cas9 SCNT 5& Butler er al. (2016)
CMAH , BAGalNT?2 po CRISPR/Cas9 SCNT 3 Niu ez al (2017)
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‘Production of hornless dairy cattle from genome-
edited cell lines (Nature Biotechnology 2016)

a b
(Sblz? RCl- RCI- RCI- RCI- Holstein  RCI- RCI- RCI- RCI- Holstein ?;'Z*)?
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Comparison of different methodologies
in the production of transgenic goats

Success to obtain...
3 .
Method .’_{“ %
DNA
microinjection
Somatic cell
nuclear transfer
Lentiviral
L] injection
Sperm-mediated
gene transfer

Figure 3: Success to obtain transgenic goat embryos, fetuses or

offspring according to the different methods used
26
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DNA Methylation Microarray

Embryonic Development Transgenic Research
27

fetHbFeR
REHVEZE M

Lung cancer

992 1004 3 & R~ = < Hcd *
300
20.0
200 18.0

ofmd p s it i fmre (Claracells ~ type Il alveolar
cells and mucin producing cells)
C 203N AT IEINIE R 5 134t NG L B g K

14



VEGF (vascular endothelial growth factor)

VEGF-A VEGF-C

vEorS yggp_g\/ VEGF-D VEGF promotes tumor angiogenesis and is an
\1 3 J important target in various malignancies,
including non-small cell lung cancer (NSCLC).

N

N plasmin
terminus VEGFR-2 cleavage
binding site
Signal Heparin bindi
VEGFR-1 parin binding
sequence binding site l site

— — M

Vegt-Ad 1] 2] 3 4] | 6a |6b] 7 8]

VEGFR-1  VEGFR-2 VEGFR-3
(Fit-1) (FIk-1/KDR) (Fit-4) Vegf-Aigd 1|2 3  [4[5] 62 jem 7 m

[Vegf'Ams[ 12| 3 4|5 ]
Vegf-AmJ 1 m 3 l 4 l 5 ﬂ
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7 IERERY  Production of Clara cell-specific
HFERESR, hVEGF-A165 transgenic mice

Nrul 1,975-bp Sapl
|
MR #Vegs-As DNA ST —
—~peRe | Microinjection |
-bp

|  DNAPurification |

Transgenic Mice |

o
A=, ) \
hVEGF-A165

Transgenic Mice 30
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Generation of lung-specific 'WEGF-Aa1es-
overexpression of transgenic mice

A mCCSP promoter hVegf-Aiss cDNA SV40 poly(A)
Nru 1 Pst1 _Neol Bgin Sap1
819 bp 576 bp 580 bp

Tgl Tg2 Tg3
FO F1 WT FO F1-1 F1.2 WT

)

C Tg1 T2 g3 T3 Wild-type
Mr F1-1 F1-2 F1-1 F1-2 F2-1 F2-2 F1-1 F2-1 WT Mr. F3-1 F3-2 F3.3 F3.4 WT1 WT2 WT3 WT4
Vegf-Ass Vegf s [OE ———— ]
peactin ] ot (I ——|
D Kidney Gonad Brain Lung Liver
Me. WT TgdF31TgdF3I2WT Tgd F31Tgd F32 Mr. WT TgdF31TgdF32 WT TgdFlITgtFR2WT TgdFi1TgdF32
vt [ | s T T
. - . = 31
p-actin - - - p-actin | — - -

Histopathological examination of the lung tissues

in Wt & Tg mice: Inflammation & Neoplasia

<

]
> 6 months of age > 8 months of age
Wt Mice Tg Mice Wt Mice Tg Mice

32
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Histopathological examination of the lung
tissues in Wt & Tg mice : Adenomas

Wt Mice Tg Mice

()

Adenomas

> 10 months $E & <3

of age

Expression of endogenous mouse CCSP and
exogenous human VEGF-A 4 in the lung
tissues of Wt & Tg mice

Mouse CCSP Antibody Human VEGF-A165 Antibody

Wt mice

hVEGF-A1es
Tg mice

> 12 months of age
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Histopathology and Western blotting analyses of the
lung tissues in three tumorigenesis levels of "\WEGF-

A165-overexpressing transgenic mice

A Wild type Tg-level-1

Tg-level-2 Tg-level-3

Wild type Tg-level-1 Tg level-2 Tg-level-3

VEGF-Aj g
[T 5)) : P ————

> 12 months of age ¢
i 4
’ I
0 -

Wild t\pe Tg-lev eLl Tg-lev eLZ Tg-level-3

Ratio

hVEGF-A165 induces neovascular developments
in the lung tissues of transgenic mice

C Wild type Tg-level-1 Tg-level-2 Tg-level-3

; Angiogenesis

Image
Analyzer
(AIA)
D Wild t\'pe Tg Ie\ el 1 Tg-level-2 Tg-level-3
Day 2
(CAM)

Day 3

| Chick
‘| Chorioallantoic
Membrane




The MRI living images of lung adenocarcinomas in
two different tumorigenesis levels of transgenic mice

Ventral Dorsal
Head
Wild type
Tg-level-2
Te-level-3
Tail
37
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Gene expression profiling of
hVEGF-A165 transgenic mice
using a 44K cDNA microarray

A

Tg-level-3-1 vs Wild-type

B

.
A

»

Cancer Gene Iltem

580 genes

Gene Numbers

-."' Agilent Technologies

——Autharized Distributor

Cell-Cell Adhesion 80
Signal Pathway 532
Apoptosis 53
Cell cycle regulation 477
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The Ingenuity Pathway Analysis (IPA)
of mouse cDNA microarray data

ERHER NG GRAR
DigGIGERoMmICS Gom Lish

39

Validations of mMRNA and protein expressions in the

lung tissues of three different tumorigenesis levels of
transgenic mice

MRNA levels Protein levels
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Mechanism of lung adenocarcinoma induced by
hVEGF-A 45 overexpression in transgenic mice

| Metastasis ‘ |Tumorigene5|s Angiogenesis ‘ ICeII Proliferation | ,

NN Curcumin reduces pulmonary tumorigenesis in vascular
&ﬁ/é’)ﬁ endothelial growth factor (VEGF)-overexpressing

E’g%%ﬂg transgenic mice Mol. Nt Food R, 2011, 55, 1036-1043

Yu-Tang Tung'®, Hsiao-Ling Chen”*, Cheng-Wei Lai’, Chih-Jie Shen’, Yi-Wen Lai’
and Chuan-Mu Chen’
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5 R . Dairy Sci. 96:2095-2106
6 http:l/dx.dol.orgl10.31 68/jds.2012-6153
“os © American Dairy Science Association®, 2013.

Bovme lactoferrin inhibits lung cancer growth through suppression
of both inflammation and expression of vascular endothelial growth factor

| Yu-Tang Tung,*' Hsiao-Ling Chen,t' Chih-Ching Yen,*$' Po-Ying Lee,§ Hsin-Chung Tsai,*# Ming-Fong Lin,*#
and Chuan-Mu Chen*?
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Lung tumorigenesis induced by human vascular endothelial growth
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MicroRNA-16 reduces pulmonary tumorigenesis in human
orthotopic non-small cell lung cancer xenograft model

A
Healthy lungs/Saline Tumor-bearing lungs/Saline Tumor-bearing lungs/miRNA-16
T a4 -
Bright WS . N
field | 1§ ¥ ,
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field
H&E
VEGF
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gx 038 B o
5 0 S
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Healthy lungySaline  Tumor bearing Tumor-bearing Healthy lungvSaline  Tumor-bearing Tumer-bearing
lungy/Saline lungymiRNA-16 lungsSaline lungymiRNA-16
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B studies of VEGF-lung carcinoma

Y. T. Tung, H. L. Chen, C. W. Lai, C. J. Shen, Y. W. Lai, and C. M. Chen*. 2011. Curcumin reduces
pulmonary tumorigenesis in vascular endothelial growth factor (VEGF)-overexpressing transgenic mice.
Mol. Nutri. Food Res. 55(7): 1036-1043. [IF=4.909; Food Science & Technology, 2/128= Top 1.6%]
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US and Taiwan Patents related to the studies of
VEGF-lung carcinoma

1. C. M. Chen. 2012/8/21- 2030/6/30. Method for manufacturing animal model for researching
pulmonary tumor and use thereof. USA Patent, patent number: US 8,247,644 B2.

2. C. M. Chen. 2012/12/11- 2029/7/1. Method for production of non-human transgenic animals
to express human vascular endothelial growth factor and use thereof. (& %% 2% ## 85 2_ #5 4 5%
il 2 24§ PpER petp = 4+ ~ * i) Taiwan Patent, Patent number: 1 379005.

3.C.M.Chen (f 2 #)2012.7— fE#lig i 2 A 20 F ) AL FT2 F]5 2 % vl de 4 1058 2
A5 B B2 T 5% o HERF YRS PHRGF 2P .

US Patent No: 8,247,644

[ Metheod for manufacturing animal model for researching pulmeonary tumor and use ]

thereof

gan

The present invention is a method for manufacturing an animal model for researching a pulmonary tumor and a
use thereof. A ransgenic non-human animal of the present invention is prepared by embryonic gene
microinjection and possesses a tissue-specific expression of vascular endothelial growth factor A (VEGF-Aqgs) in
lung. Through the expression of vascular endothelial growth factor Aqgs, the lung cells in the transgenic non-human
animal of the present invention have and respanses orinduce lung
fumors. Thus, the non-human animal of the present invention can serve as an animal mode! for analyzing the
requiation and the anti-tumor drugs screening of pulmonary adenacarcinoma.

Abstract

47

Production Methods of Transgenic Animals

(A) DNA microinjection : DNA, transposon, lentiviral vector

(B) ES cell-mediated gene transfer into blastocyst

(C) ES cell-mediated somatic nuclear transfer

(D) Gene editing by CRISPR/Cas9 and microinjection into embryo

DNA transposon lentiviral vector
Il H
T

Q) } H O a0 | (D) CRISPR/Cas9 injection |

7
/ (C)ES cell nuclear
embryo ( 6 @ —_ transfer

nuclear
transfer
enucleated

(B) ES cell transfe

oocyte
N
(i)
blastocyst
/ES cells EG cclls\ pluripotent cells cell selection
EH@H“<$;m ™~ \»_ f-
-gene addition cells

feetal somatic cells —————— -gene addition

-gene replacement

‘/
adult somatic cells

-gene replacement

!

cell selection

48

traisaenic animial (Houdebine, 2009)
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