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22 SUMMARY:
23 The goal of this protocol is to describe a new breast cancer modeling approach based on the
24 intraductal injection of Cre-expressing adenovirus into mouse mammary glands. This approach
25 allows both cell-type- and organ-specific manipulation of oncogenic events in a temporally
26  controlled manner.
27
28  ABSTRACT:
29  Breast canceris a heterogeneous disease, possibly due to complex interactions between different
30 cells of origins and oncogenic events. Mouse models are instrumental in gaining insights into
31 these complex processes. Although many mouse models have been developed to study
32  contributions of various oncogenic events and cells of origin to breast tumorigenesis, these
33  models are often not cell-type or organ specific or cannot induce the initiation of mammary
34  tumorigenesis in a temporally controlled manner. Here we describe a protocol to generate a new
35 type of breast cancer mouse models based on the intraductal injection of Cre-expressing
36 adenovirus (Ad-Cre) into mouse mammary glands (MGs). Due to the direct injection of Ad-Cre
37 into mammary ducts, this approach is MG specific, without any unwanted cancer induction in
38 other organs. The intraductal injection procedure can be performed in mice at different stages
39  of their MG development (thus, it permits temporal control of cancer induction, starting from
40 ~3-4 weeks of age). The cell-type specificity can be achieved by using different cell-type-specific
41  promoters to drive Cre expression in the adenoviral vector. We show that luminal and basal
42  mammary epithelial cells (MECs) can be tightly targeted for Cre/loxP-based genetic manipulation
43  via an intraductal injection of Ad-Cre under the control of the Keratin 8 or Keratin 5 promoter,
44  respectively. By incorporating a conditional Cre reporter (e.g., Cre/loxP-inducible Rosa26-YFP
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reporter), we show that MECs targeted by Ad-Cre, and tumor cells derived from them, can be
traced by following the reporter-positive cells after intraductal injection.

INTRODUCTION:

The overall goal of this method is to develop a new breast cancer modeling approach based on
an intraductal injection of Ad-Cre into the mouse MG. The Cre/loxP recombination-based genetic
approach has been widely used to model human breast cancer in mice. The first generation of
Cre/loxP-based breast cancer mouse models are generated by using Cre-expressing transgenic
mice under the control of MEC-specific promoters (e.g., MMTV-Cre for luminal MECs and a
portion of basal MECs, Wap-Cre and Blg-Cre for luminal progenitors and alveolar luminal MECs,
K14-Cre for basal and a portion of luminal MECs!™)%°. However, while these Cre transgenic lines
enable spatial control of Cre expression (i.e., in different subsets of MECs), they do not allow
temporal control of Cre expression and Cre/loxP-mediated genetic manipulation. The second
generation of Cre/loxP-based breast cancer mouse models utilize inducible Cre
activity/expression approaches (e.g., use of Cre-estrogen receptor fusion [CreER], which can only
induce Cre/loxP recombination upon administration of tamoxifen), and as a result, these genetic
tools permit both spatial and temporal controls of the activation of oncogenic events in MECs
(e.g., K8-CreER- and K5-CreER-based models)'®12, In both generations of breast cancer mouse
models, as promoters used to drive Cre or CreER expression (e.g., Krt8, Krt5) may also be active
in epithelial cells of other organs (i.e., they are cell-type-specific but not organ-specific) or have
a leaky expression in cell types other than epithelial cells (e.g., MMTV, which has leaky activity in
bone marrow hematopoietic cells), these approaches may lead to the development of unwanted
cancer(s) in other organ(s). If these unexpected cancers cause lethality in the affected mice, the
original purpose of modeling breast cancer in these mice may be prohibited (e.g., MMTV-Cre-
driven oncogenic events may lead to hematopoietic malignancies and early death of the mice,
due to leakiness of the MMTV promoter in hematopoietic cells)*.

Here we report a breast cancer modeling approach in mice that allows both cell-type- and organ-
specific manipulation of oncogenic events in a temporally controlled manner. This approach is
based on an intraductal injection of Ad-Cre into mouse MGs (and is, thus, organ-specific). Cre
expression can be controlled by using different MEC subpopulation-specific promoters
embedded in the adenoviral vector (e.g., Krt8 for luminal MECs, Krt5 for basal MECs, thus
achieving cell-type specificity). Cancer induction in MGs can be temporally controlled by an
injection of Ad-Cre into mice at different ages, starting from 3—4 weeks of age (pubertal) to the
adult stage.

PROTOCOL:
All methods described here have been approved by the Institutional Animal Care and Use
Committee (IACUC) of Brigham and Women’s Hospital.

1. Generation and maintenance of floxed mice

1.1. Obtain breast cancer-relevant floxed conditional knockout (e.g., Trp53t8™ [referred to as
Trp53Y/Y],  Brcalt™Aesh  [Brcal/t]) or conditional knock-in  mouse lines (e.g.,
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Gt(ROSA)26Sortmi(Pikica*H1047R)Egan) from The Jackson Laboratory (JAX) or NCI Mouse Models of
Human Cancer Consortium (MMHCC) repository. In addition, to facilitate the chasing of MECs
that undergo Cre-mediated recombination, a conditional Cre-reporter line can also be obtained
from JAX (e.g., Gt(ROSA)26Sor™m(EYFP)Cos [referred to as R26Y)).

1.2. Breed Trp53%! homozygous mice with R26Y homozygous reporter mice or with homozygous
mice carrying the R26Y reporter alleles and any additional floxed conditional knockout or knock-
in alleles for different mouse models, to obtain heterozygous F1 male and female progeny.

1.3. Intercross heterozygous F1 male and female mice to obtain F2 compound female mice that
are homozygous for each allele (as experimental mice), as well as R26Y-only homozygous females
(as control mice). Genotype F2 mice based on the PCR primers and cycling conditions listed
below, by setting up two standard 20 uL PCR reactions (using Taq 5X Master Mix) in two different
PCR tubes, one with the R26Y primers and the other with the Trp53" primers. Use adult mice
(typically around 2—4 months of age) for all breeding.

1.3.1. For R26Y, perform PCR at 94 °C for 3 min, then at 94 °C for 30 s, 60 °C for 30 s, and 72 °C
for 1 min for 35 cycles, followed by 72 °C for 3 min, and maintaining at 14 °C. Use primers (i)
R26YFP-1: AAA GTC GCT CTG AGT TGT TAT; (ii) R26YFP-2: GCG AAG AGT TTG TCC TCA ACC; (iii)
R26YFP-3: GGA GCG GGA GAA ATG GAT ATG.

NOTE: A single PCR band of 250 bp indicates an R26Y homozygote, a single PCR band of 500 bp
indicates a wild-type (WT), and two PCR bands (R26Y: 250 bp, WT: 500 bp) indicate an R26Y
heterozygote (Figure 1A).

For Trp53t, perform PCR at 94 °C for 3 min, then at 94 °C for 30 s, 60 °C for 30 s, and 72 °C for 1
min for 35 cycles, followed by 72 °C for 3 min, and maintaining at 14 °C. Use primers (i) p53F2-10
1F: CAC AAA AAC AGG TTA AAC CCA G; (ii) p53F2-10 1R: AGC ACA TAG GAG GCA GAG AC.

NOTE: A single PCR band of 370 bp indicates a Trp53%t homozygote, a single PCR band of 288 bp
indicates a Trp53** WT, and two PCR bands (WT: 288 bp, Trp53t: 370 bp) indicate a Trp53Y*
heterozygote (Figure 1B).

2. Preoperative preparation

2.1. Autoclave all surgical tools 1 day before the surgery.

2.2. Prepare 0.1% bromophenol blue in phosphate-buffered saline (PBS) and store it at 4 °C.
Dilute the Ad-Cre that will be used for the intraductal injection in DMEM medium with 0.01 M

CaCl; and bromophenol blue at a ratio of 1:10 (i.e., the injection mixture).

NOTE: The Ad-Cre used here was obtained from the University of lowa Viral Vector Core, with a
stock viral titer of ~10°-10* pfu/mL.
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2.3. Anesthetize the female mouse (F2 generation as described in step 1.2, age ranging from 3—
4 weeks of age to adult) using an isoflurane chamber and apply eye ointment. During the
procedure, anesthetize the mouse continuously by ensuring it inhales 1%—2.5% isoflurane in
oxygen. Check the depth of anesthesia at least every 15 min by performing a toe pinch. Carefully
monitor the mouse for any change in respiratory rate, adjusting the level of isoflurane
accordingly, if needed.

2.4. Inject meloxicam as analgesia subcutaneously at a dose of 5 mg/kg, prior to the surgical
procedure.

2.5. Expose the nipple surgical site by applying several drops of hair removal cream; remove
excessive cream and loose hair using soft paper towels.

NOTE: Perform this step in an area separate from where the surgery is to be performed. Shaving
is not recommended in order to avoid damage to the nipples.

2.6. Disinfect the surgical site with iodophors first, followed by 70% alcohol, and end with a final
application of scrub iodophors. Do this in a circular motion from the center of the work area
toward the periphery using a gauze sponge or cotton-tipped applicator. Repeat the cycle 3x—4x.

3. Intraductal injection

3.1. Use aseptic techniques throughout the surgical procedure.

3.2. Make an incision site on the skin at a length of ~1 cm between the two fourth inguinal MGs
(Figure 2). Carefully separate the skin flap (with the MG) from the parietal peritoneum so as to

visualize the mammary ductal tree.

3.3. Carefully hold the nipple with Watchmaker’s forceps and remove the exterior nipple without
cutting any nearby skin, using a micro-dissection scissor.

3.4. Load ~3-5 pL of Ad-Cre injection mixture into a 25 pL Hamilton syringe with a 33 G metal
hub needle affixed. Estimate the volume of the injection mixture in the syringe based on the blue
dye included in the mixture.

NOTE: Use a smaller volume (e.g., 3 uL) when injecting into MGs of 3—4 weeks old females and a
larger volume (e.g., 10 pL) when injecting into MGs of lactating females.

3.5. Gently hold the edge of the skin flap with a fine curved tweezer and inject the Ad-Cre
injection mixture slowly into the nipple, meanwhile monitoring the spreading of blue dye into
the mammary ductal tree. Maintain the injection rate as low as possible to avoid damage to the
ductal lumen.

NOTE: Injected fluid (as illustrated by the included bromophenol blue dye) spreading throughout
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the entire ductal tree without leaking into the stromal compartment indicates a successful
intraductal injection.

3.6. Gently withdraw the needle from the nipple to avoid any leakage of the injected fluid.

3.7. Examine the distal side (i.e., away from the nipple) of the MG or the surrounding area of the
injected nipple. Note that swelling blue dye (i.e., dye diffusing into the nearby stroma) indicates
a mammary fat pad injection rather than a successful intraductal injection.

3.8. Close the surgical wounds (from step 3.2) in the skin with wound clips.

4. Postoperative care

4.1. Remove the mouse from the anesthesia and place it on a heating pad inside a clean cage for
recovery.

4.2. Administer meloxicam subcutaneously at 5 mg/kg again, 24 h after the surgery.

4.3. Monitor the general conditions of the animal and look for signs of infection at the incision
site for 5 days.

5. Monitoring the development of the mammary tumor

5.1. Monitor the injected mice weekly by palpation for any sign of mammary tumor
development.

5.2. Once the tumor is palpable, monitor the mouse 2x a week until it reaches the experimental
endpoint, as determined by the size (e.g., reaching 10%-15% of the mouse’s body weight) or
condition (e.g., ulcerated or necrotic) of the tumor, or by the general health condition of the
mouse (e.g., comatose, moribund).

5.3. Euthanize the mouse by carbon dioxide asphyxiation.

5.4. Isolate the mammary tumor tissues and analyze them by flow cytometry,
immunofluorescence, or expression profiling (e.g., by RNA sequencing [RNAseq] or microarray),
as described previously'?.

5.5. Perform flow cytometric analysis by gating for lineage-negative cells (Lin: negative for
lineage markers CD45 [leukocyte marker], CD31 [endothelial cell marker], and TER119
[erythrocyte marker]), and analyze the cells in the tumor based on their expression of YFP, CD24,
and CD29.

REPRESENTATIVE RESULTS:
Representative PCR genotyping results for the R26Y and Trp53" alleles are shown in Figure 1.
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Although, in principle, all 10 MGs can be subjected to the intraductal injection procedure,
practically, the two fourth inguinal MGs are typically selected for injection, due to their easier
accessibility and larger MG sizes (Figure 2). During the surgery, it is important to maintain a
disinfected and uncluttered working area and perform the procedure with sterile tools (Figure
3). During the intraductal injection, the inclusion of a blue dye (e.g., bromophenol blue) in the
injection mixture helps the visualization of a successful injection of Ad-Cre into the entire ductal
tree (Figure 4). The youngest female mice in which intraductal injection (with a smaller volume
of the injection mixture) can be performed successfully are those at ~3 weeks of age (Figure 4A),
although for most mammary tumor induction experiments, young adult female mice (e.g., 2
months of age) are typically used (Figure 4B). In addition, intraductal injection (with a larger
volume of the injection mixture) can also be performed in female mice during early/mid-
gestation to target alveolar cells (Figure 4C).

In our experience, in mice with the R26Y reporter and Trp53~! (with or without any additional
conditional alleles), Cre-mediated recombination disrupted the Trp53 conditional knockout
alleles (and any additional conditional knockout alleles, if used) and, meanwhile, turned on the
YFP reporter (from the R26Y allele, as well as from any additional conditional knock-in allele, if
used). To target different MEC subpopulations for mammary tumor induction, Ad-Cre viruses
under the control of different MEC subset-specific promoters were used for injection (Figure 5).
For instance, Ad-Cre under the control of Keratin 8 (Krt8) promoter (Ad-K8-Cre) was used to
target luminal MECs. Previously, we reported the use of Ad-Cre under the control of the Keratin
14 (Krt14) promoter (Ad-K14-Cre) to target basal MECs'3. However, as we reported, intraductal
injection of Ad-K14-Cre not only targeted basal MECs but also a portion of luminal MECs*3. We
recently tested another Ad-Cre under the control of Keratin 5 (Krt5) promoter (Ad-K5-Cre)'* and
found that it can more tightly target the basal lineage, leading to genetic marking of only basal
MECs (Figure 5). The typical percentages of YFP-marked MECs from either Ad-K8-Cre or Ad-K5-
Cre injection are about 0.1%—1%.

For Trp53YL; R26Y female mice under the FVB genetic background, the intraductal injection of
Ad-K8-Cre, which targets their luminal MECs, led to the development of mammary tumors several
months after the injection (Figure 6A). Mice with a different genetic background (e.g., C57/B6)
may exhibit a longer latency of developing mammary tumors after injection. Due to the inclusion
of the conditional R26Y reporter, tumor epithelial cells were typically marked by YFP and could
be detected by flow cytometry (Figure 6B); they could be enriched by the flow-sorting of YFP*
cells for further analysis.

FIGURE AND TABLE LEGENDS:

Figure 1: Representative PCR genotyping results for the R26Y and Trp53* alleles. WT = wild-
type; Homo = homozygote; Het = heterozygote.

Figure 2: Schematic diagram of the intraductal injection of Ad-Cre virus into an MG. (A) Incision
site in the midline between the two fourth MGs. (B) Intraductal injection of Ad-Cre with a blue
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dye (for better visualization) into one of the fourth MGs. (C) Closing of the incision in the skin by
wound clips.

Figure 3: Overview of the aseptic setup for rodent surgery.

Figure 4: Visualization of a successful intraductal injection into the entire mammary ductal tree.
(A) An example of the intraductal injection of 3 uL of injection mixture (with bromophenol blue)
into an MG of a 3-week-old female mouse. (B) Intraductal injection of 5 pL of injection mixture
into an MG of a young adult female mouse. (C) Intraductal injection of 10 uL of injection mixture
into an MG of a female mouse at early/mid-gestation.

Figure 5: Representative plots of the flow cytometric analysis of YFP-marked cells upon
intraductal injection. YFP* populations from MGs of R26Y virgin females 3 days after an
intraductal injection of Ad-K8-Cre (left, injection at a titer of 7 x 10° pfu/mL) or Ad-K5-Cre (right,
injection at a titer of 7.86 x 10° pfu/mL) viruses. Plots are based on an analysis of CD24 and CD29
staining in lineage-negative (Lin’; i.e., negative for CD45, CD31, and TER119 expression) YFP* cells.
Lu = Lin"CD24"e"CD29'°¥ lJuminal MEC gate; Ba = Lin"CD24'°CD29"&" basal MEC gate; the gating
strategy for luminal and basal MECs is based on Shackleton et al.?>.

Figure 6: Tumor development in Trp53“‘; R26Y female mice intraductally injected with Ad-K8-
Cre. (A) One representative mouse showing tumor growth (arrows) several months after an
injection with Ad-K8-Cre. (B) About 8.8% of live cells (based on DAPI staining) from a
representative tumor were positive for YFP expression, based on flow cytometric analysis.

DISCUSSION:

The success of this approach for inducing mammary tumors from different subpopulations of
MECs relies not only on choosing appropriate cell-type-specific promoters (to drive Cre
expression) but also on the intraductal injection procedure itself. The idea behind this approach
is that the injected Ad-Cre viruses are retained in the ductal tree, which is a concealed structure
with lumen, and therefore, only MECs are exposed to the viruses and are infected by Ad-Cre. Due
to the limited lumen space within the mammary ducts, it is important to only inject a small
volume of the injection mixture to each MG (i.e., ~3-5 uL). The injected volume should also be
adjusted based on the age of the mice (i.e., a smaller volume should be used when it is injected
into 3- to 4-week-old mice). When the volume of the injected fluid is excessive due to the
pressure from the injection and the limited ductal lumen space, fluid may be “pushed out”
through the epithelial layers into the stroma, leading to an unwanted viral infection in stromal
cells.

Since the cell-type specificity is achieved by the promoter used in the adenoviral vector to drive
Cre expression, a limitation of this approach is the potential lack of an appropriate promoter to
target Cre expression to a specific MEC subpopulation. We previously reported the use of pan-
luminal Ad-K8-Cre virus to target luminal MECs!%13 and the use of Ad-Wap-Cre virus to target
alveolar luminal progenitors>. In this study, we showed the use of Ad-K5-Cre virus to target basal
MECs (Figure 5). We still lack the ability to use this approach to target the estrogen receptor-
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positive luminal MEC subpopulation. The adenoviral vector we used here could accommodate an
insert of up to 8 kb. Thus, to develop MEC-subset-specific Ad-Cre, the promoter used to drive Cre
expression could only be less than 7 kb. Practically, a large promoter fragment, even if less than
7 kb in size, may be difficult to subclone. In order to fit into the adenoviral vector, although a
truncated promoter may be used, it may not faithfully recapitulate the expression pattern of its
corresponding gene when under the control of the endogenous, full promoter.

The R26Y conditional reporter included in the mouse model here provided a way to mark the
cells of origin and trace their progression to cancer cells. Of note, the percentage of YFP-marked
cancer cells in the resulting tumor appeared to be fairly low (Figure 6B). This could be due to a
possibility that, in addition to the YFP-marked tumor epithelial cells, the tumor also included
many immune cells and stromal cells, which constituted the bulk of the tumor mass.

Compared to other mouse models of breast cancer, this approach leads to the mammary tumor
initiation from a small number of MECs only (e.g., luminal MECs when Ad-K8-Cre is injected),
often at a clonal level’?. As the initiation of human tumorigenesis is likely to be clonal, this
approach recapitulates that aspect of human cancer development more faithfully. In addition,
even when p53 is disrupted in only a small number of MECs, loss of p53 leads to their clonal
expansion, leading to the production of a larger pool of mutated MECs; this would permit further
clonal evolution from the p53-deficient MECs (upon acquisition of additional somatic
mutations)!2. As TP53 is the most commonly mutated gene in human breast cancer'® and as TP53
mutation is an early event in human breast tumorigenesis'’'8, by combining the Trp53 floxed
mouse model with mouse models for other oncogenic events, we can study how these oncogenic
events cooperate with p53 loss and how they jointly contribute to mammary tumor development
from a defined cellular origin. In addition, as less breeding is needed to put multiple alleles
together, this approach would minimize breeding cost and time, which should facilitate breast
cancer modeling studies on a larger scale, in a shorter period.
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Name of Material/

) Compan Catalog Number Comments/Description
Equipment pany € / P
33-gauge needle Hamilton 7803-05 point style 3 blunt

7mm Reflex Clip Braintree Scientific RF7 CS

University of lowa Ad5-bk5-Cre (VVC-
Viral Vector Core  Berns-1547)
University of lowa
Viral Vector Core

Adenovirus, Ad-K5-Cre

Adenovirus, Ad-K8-Cre Ad5mK8-nlsCre

Alcohol Fisher HC800-1GAL Prepare to 70% in use

biotinylated CD31 L. 13-0311-85
eBiosciences

biotinylated CD45 . 13-0451-85
eBiosciences

biotinylated TER119 . 13-5921-85
eBiosciences

Bromophenol Blue Sigma-Aldrich B0126-25G

CD24-AF-700
BD Pharmingen 564237

CD24-PE 12-0242-83

eBiosciences

CD29-APC . 17-0291-82
eBiosciences

CD29-PE L 12-0291-82
eBiosciences

Hair Remover Lotion Nair 90z

Hamilton syringe Hamilton 7636-01 0.025 mL

lodophors Betadine 10% Povidone-iodine
Isoflurane Baxter NDC 10019-360-40 1-2.5%

Loxicam Norbrook NDC 55529-040-10 5 mg/ml

Lubricant Eye Ointment Akorn NDC 17478-062-35

Micro-dissecting scissors Pentair IM Watchmaker's Forceps

Micro-dissecting tweezers Dumont M5
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ARTICLE AND VIDEO LICENSE AGREEMENT

Modeling  breast
Cre-expressing

Title of Article:

cancer
adenovirus

via Intraductal Injection of
to mouse mammary gland

Author(s):
Dongxi Xiang, Luwel

Tao, Zhe Li

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

m Standard Access

Item 2: Please select one of the following items:

D Open Access

|Z|The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
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of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name: -
Zhe Li
Department: Dept. of Medicine, Division of Genetics
Institution: Brigham and Women's Hospital
Title: Assistant ~ Professor
Signature: Zhe Li Date: December 5, 2018

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Editorial comments:

1. Step 1.3 “Genotyping needs clarity. How do you prepare the PCR mix...? Do you add
all 5 primers in each individual tube or prepare two different PCR tube one with R26Y
primers and other with Trp 53 primers? What is the PCR condition? What are the sizes

of band observed? Please rewrite this part”.
Response: More details for PCR genotyping are provided now, including how the
PCR reactions are set up, the PCR cycling conditions, as well as the sizes of PCR

bands and their corresponding genotypes.

“Also please provide representative result ( a genotype gel picture) to understand the

band size and which genotype is selected, etc.”

Response: A new Figure (Figure 1) with representative PCR results is now
included. The numbering for all the other five figures is adjusted accordingly.

2. Step 2.2 “You haven't used the Ad-Cre for intraductal injection till now. Please
reword”.

Response: Reworded to “that will be used for intraductal injection”.

“‘How was Ad-Cre obtained? Citation if any? If obtained commercially please include
commercially obtained Ad-Cre adenovirus. What is the stock concentration and what is

the diluted concentration? Volume?”.

Response: Additional information provided.

3. Step 3.1 “Reworded to make it crisp and bring out clarity”.

*
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Response: Reworded (if this is what you mean).

4. Step 3.5 Note “???? Please proofread the manuscript well”.

Response: Reworded to increase clarity.

5. Step 3.6 “Isnt the injected liquid 3 microlitres?”.

Response: This originally referred to the possible amount of fluid that may leak

out, we removed it to avoid any confusion.

6. Step 3.8 “The wounds on the external nipple site?”.

Response: No, the wounds are NOT on the nipple site; please refer to step 3.2

and the schematic diagram in Fig. 1A (now Fig. 2A).

7. Step 4.1 “??7? isoflurane chamber is for anesthetization; nose cone isoflurane is for

maintenance? Something seem to be incorrect here”.

Response: We removed “the nose cone in” to avoid any confusion here.

8. Step 5.2 “How? visually? Lumps will be visible?”.

Response: “detectable” is changed to “palpable”.



9. Figure 4 legends “The observed YFP tumor cells are fairly less as expected. Please
provide a discussion on the same. It need not be too long but some perspective on this
is needed. Also, please do not cite unpublished result (as cited in the reviewer’s

comment) as we cannot have the same in the manuscript.

Response: A new paragraph is provided in the Discussion section to discuss
this. The data referred to here is actually in Figure 5B (now Figure 6B) instead of

Figure 4 (now Figure 5).

10. Figure 5 legends “Please obtain explicit copyright permission to reuse any figures
from a previous publication. Explicit permission can be expressed in the form of a letter
from the editor or a link to the editorial policy that allows re-prints. Please upload this

information as a .doc or .docx file to your Editorial Manager account.”.

Response: The reference here is for the gating strategy; the actual flow

cytometric data is from our own work, NOT from this publication.



