Pathological and Genetic Alterations Associated with BALB/c-Trp53+/- Mammary
Tumors

We next explored whether mammary tumorigenesis in BALB/c-Trp53+/- mice
follows a restricted set of pathological or molecular pathways. The histological features
of the total 28 spontaneous mammary lesions collected ranged from intraepithelial
neoplasia to invasive carcinomas (Figure 2.3). As collections were focused on large
palpable lesions, the majority of tumors were poorly differentiated invasive ductal
adenocarcinomas. A minority of tumors (2/28) underwent transdifferentiation into
adenosquamous carcinoma or had focal squamous differentiation. A complete summary

of tumor characteristics is provided in Table 2.1.

Figure 2.3 Histological characterization of BALB/c-Trp53+/- mammary lesions.
Mammary lesions from BALB/c-Trp53+/- mice showed diverse histological features
including (A) intra-epithelial neoplasia (MIN, V05), (B) ductal adenocarcinoma (V03),
(C) adenocarcinoma with acinar morphology (VV23), (D) adenocarcinoma with squamous
differentiation (V01), (E) carcinosarcoma (V08), (F) solid sheets of tumors with little
stroma (V26), (G) adenocarcinoma with strong stromal reaction (V13) and (H)
adenocarcinoma with spindle cell feature (\VV28). Scale bar: 20um.
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Figure 2.6 Outgrowths from transplanted tumor fragments.

ERa+ adenocarcinoma V09 (A,B) fragments were transplanted into mammary fat pads
that had been cleared of endogenous epithelium in BALB/c-Trp53+/+ hosts. The tumor
outgrowth in recipient BALB/c wild type mouse remained ERo+ adenocarcinoma (C,D).
Half of the recipient mice were ovariectomized (OVX) when tumors were palpable.
Tumor growth (E) was compared between ovary intact group and OV X group. Metastasis
was seen in mice bearing transplants of tumor fragment from the V07 tumor (F). Scale
bar: 20pm.

Compared to outgrowth from tumor fragments, outgrowth from tumor cell
injection resemble less of original tumor yet more homogenous structure (Figure 2.7). It
might be due to the culture condition while cells were isolated from minced tumor
samples. The culture conditions favors growth of epithelial cells, consequently stromal
cells were selected against during cell passaging. Before stable tumor cell lines were

established, each line had also endured massive cell death and senescence during the

initial transition to 2D culture and the first few passages. When stable cell replication and
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regular cell passaging were achieved on each line, the culture may consist of only a few

clones of tumor cells from the original sample.

- . “+k

Figure 2.7 Outgrowth of transplated toragmnts and tumor cells isolated

from spontaneous tumor.

Tumor fragments and cell line isolated from Adenocarcinoma V14 (A) were transplanted
into mammary fat pads that had been cleared of endogenous epithelium in BALB/c-
Trp53+/+ hosts. (B) Outgrowth from V14 tumor fragment. (C) Outgrowth from V14
tumor cell line. Scale bar: 20pm.

Origins of Mammary Tumors

To investigate the cellular origins, tumors from BALB/c-Trp53+/- mice were
stained for markers of basal and luminal epithelial lineages (cytokeratins 5 or 8/18,
respectively). A mixture of cells expressing either K5 or K8/18 (Figure 2.8A) was
observed in 59% of the tumors, but co-expression of K5 and K8/18 in individual cells
was rare. Both of the K5-positive cells and K8/18-positive cells were pleomorphic,
disorganized, and in large quantities within each tumor. 26% of the tumors expressed
only luminal cytokeratins (K8/18, Figure 2.8D) and 11% of the tumors expressed only
K5-positive cells (Figure 2.8G). Tumors were also stained with cytokeratin 6 (K6)
because it was found to be preferentially expressed in mammary stem/progenitor cells
(132) and expanded in mammary tumors originating from progenitor cells (47;133;134).

None of the K8/18-positive-only tumors contained K6 positive cells (Figure 2.8E-F),
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Figure 3.3 Toxicity test of MNPs.
HeLa cells were treated with various MNPs at different concentrations for 6hrs. After the

treatment, cells were subjected to alamar blue cell viability test. Each testing point
represents 4-6 replicates.

Features of albumin passivated magnetic nanoparticle (MNP-A)

The synthesis adopted a modified Massart's co-precipitation method to provide
"naked" nanoparticles suitable for facile functionaliztion. Bovine serum albumin (BSA)
passivation of the iron oxide core was performed via ultrasonication of the particle in the
presence of excess BSA. BSA coated iron oxide (MNP-A) nanoparticles were isolated
from excess BSA solution via ultracentrifugation (Figure 3.4a). The TEM micrograph of

MNP-A revealed the NP core was 12.1+1.6 nm in diameter (Figure 3.4b).
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Figure 3.4 Synthesis, structure and size of MNP-A

(a) BSA was incorporated as MNP coating using ultrasonication; (b) Transmission
electron microscopy (TEM, left) and histogram (right) of MNP-A core size (d=12.1+1.6
nm)

BSA is an anionic protein with a pl of 4.8, so it is likely that adsorption of the
BSA onto the NP occurs through anionic functionality of the BSA. The presence of BSA
on the NP surface was confirmed by Fourier transform infrared (FT-IR) spectroscopy, as
the characteristic bands of the BSA protein at 1660 cm™ and 1530 cm™ are both present
in the FT-IR spectra of MNP-A (Figure 3.5a). In addition, thermogravimetric analysis
(TGA) was conducted to quantify the amount of adsorbed BSA (Figure 3.5b). The 22.5%
weight loss observed from TGA of MNP-A corresponds to ~13 BSA molecules per iron
oxide core. The adsorption of BSA to the NP core results in partial denaturation of the

protein (Figure 3.5c). Considering the size of BSA (8.4nm), the thickness of the protein
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Figure A.1 Cytokeratin expression in mammary tumorspheres.

V06 and V14 fragments were transplanted into mammary fat pads that had been cleared
of endogenous epithelium in BALB/c-Trp53+/+ hosts. Isolated tumor cells from the
outgrowth (V06T and V14T) were cultured in low attachment plates and formed
mammary tumorsphere. Tumorspheres from VO6T contained cells expressing K8/18, K5,
both or neither (A-D, the structure of the sphere was shown in D). In regular attachment
culture, cells from the VOBT spheres attached to the bottom surface and expressed K8/18,
K5, neither or both (E-G, orange arrow indicates a double positive cell). In regular
attachment culture, cells from the V14T spheres expressed K8/18, K5, both (orange
arrow) or neither (H-J). Though tumorspheres from V14T contained mostly cells negative
for both K8/18 and K5, positive cells were occasionally seen near the surface of the
spheres. In one tumorsphere, K and L shows a transverse plane near the top of the sphere,
whereas M and N is a transverse plane in the middle of the sphere. K8/18 positive (K)
and K5 positive (M, red arrowhead) cells are seen in the sphere.

Discussion

Based on epithelial lineage specific cytokeratin staining, we proposed that the
majority of BALB/c Trp53+/- mammary tumor originate from bipotent mammary gland
progenitors, and others from lineage-committed progenitors (Figure 2.11). As we have no
means to trace tumorigenesis on single cell level, we cannot exclude the possibility that
tumor initiating cells can be newly created from differentiated cells by certain mutations
that reactivate genes regulating stem cell behavior (self-renewal and multipotential
differentiation) (192-194). Cytokeratin expression pattern of mammary tumors in
BALB/c Trp53+/- mice could be the outcome of random mutation and growth
competition/selection within each tumor. The in vitro mammary tumorsphere assay
supports this possibility, as the K8/18 positive, the K5 positive, the double positive and
the double negative cells were all detected in both V14T and VVO6T.

Actually, creating tumor initiating cells by mutating normal stem cells or by
reactivating stem cell properties in differentiated cells may not be mutually exclusive

possibilities, and both could help explain the enormous biological diversity observed
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within and between mammary tumors. Some cancers may even contain multiple stem
cells, contributing to intratumor diversity. Depending on the accumulated gene mutations,

transformed somatic cells may develop into heterogeneous tumors, too.
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2. TESTING MAESTRO IN VIVO FLUORESCENCE IMAGE SYSTEM

Introduction

My original experimental plan involves using in vivo image system to track
metastasis in mice transplanted with BALB/c Trp53+/- mammary tumors. | tested the
Maestro system in vivo image system resided in Pioneer Valley Life Institute using a
established metastasis cell line, but was unimpressed about the results. Here I quote from

Maestro official website to introduce the key features of the system:

Maestro systems enable multiplexed in vivo fluorescence imaging of small
animals with unprecedented sensitivity. Maestro offers users the capability of removing
autofluorescence emitted from images of skin and other tissues to reveal otherwise hard-
to-detect labeled targets. The dramatic improvement in signal-to-noise can increase
sensitivity up to several hundred-fold, enabling much smaller or fainter signals from
biological targets to be detected earlier and accurately measured. The increased
sensitivity over standard imaging techniques provided by Maestro’s high-quality spectral
imaging technology enable experiments and models which simply cannot be done with

any other system.

Experiment and Results

4T1 cell line is a established murine metastatic cell line. Palpable tumors can be
detected within 2 weeks of subcutaneous injection (s.c.). Metastasis can be detected
within a month after primary tumor is removed. So 4T1 cell line was perfect for

preliminary test on Maestro system.
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We were suggested by manufacturer to avoid using green fluorescent protein as it
has strong interference with autofluorescence from mouse hair and skin. mOrange vector
was obtained from Tsien R.Y. Lab. The fluorescence gene was reconstructed into a
retrovirus vector generating mOrange-pQCXIP (Pcmv-mOrange-IRES-Pur"). 4T1 cells
were infected with the vector and placed in culture medium containing Puromycin for
selection. Three weeks later, 4T1-mOrange cell line was established although | found
there was only 60% of the cells are fluorescent (Figure A.2). Highly fluorescent cells
were sorted out and plated in confluent density to avoid rapid replication which may
result in losing fluorescence gene. These cells were harvested on the 2nd day after sorting

to. injected s.c into wild type BALB/c mice (5x10*/mouse).
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Figure A.2 4T1-mOrange
Highly florescent 4T1-mOrange cells were sorted for injection

Palpable tumors were detected two weeks after injection. On the day of imaging,
mice were anesthetized using Tribromoethanol (Avertin®). They were then shaved and

treated with Veet® hair removal foam for 10min to expose skin for imaging area. After
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imaging, primary tumor were quickly removed and skin were sutured with absorbable
suture. Mice were kept on heating pad whenever possible to keep body temperature.

Mice were monitored 2 times/week for signs of metastasis, such as visible or
palpable lump, body weight lost, or any sick signs. When metastasis signs were observed,
usually 4 weeks after primary tumor were removed, mice were taken to imaging
following the same procedure during primary tumor imaging. After imaging, mice were
sacrificed and autopsies were conducted to compare imaging results with autopsy results.

Maestro system can detect primary tumor very well as they are always right under

the skin

Figure A.3.

Figure A.3 Maestro system detecting primary tumor

Maestro image showed exact size and shape of primary tumor. There is a small skin
rupture (arrowheads) on the tumor and the image system seems very sensitive to
unevenness on the skin and gave out strong signal. The darker parts (arrows) of the image
may be the vessels and necrosis of the tumor which didn't have fluorescence.

However, the performance of the system on metastasis sites were below
expectation. For example, a mouse without visible metastasis (Figure A.4) were subjected
to imaging. One fluorescent spot (Figure A.4A, yellow arrow) were detected in the live
animal and its correspondent one was found in the autopsy (Figure A.4B, yellow arrow).

However, the system missed one fluorescent site (Figure A.4C, green arrowhead). The
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fluorescence was visible under Maestro system after the skin was removed, but the
system missed during the in vivo imaging. The missed lesion was just slightly deeper
from skin compared to the detected one. The autopsy showed the real physical lesion
was bigger (Figure A.4D green arrowhead). A possible explanation is that part of the
metastasis foci was not fluorescent, which was quite often seen during the whole
experiment. Even though cells were sorted before injection, more than half of the visible
metastatic site did not show fluorescent even in autopsy stage. Metastasis process may
select tumor cells against extra fluorescent gene burden. Nevertheless, the presented data
was one of the four mice | tested and it is sufficient in telling the story. Overall, the
Maestro system prove to be unable to detect fluorescent metastatic foci that are not

directly under the skin.
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Figure A.4 Maestro system detecting metastatic tumor sites

One fluorescent spot was detected in vivo (A, yellow arrow) and it matched the autopsy
result (B, yellow arrow). The same spot can also been seen in the zoom-in view of C and
D. However, the system missed the other fluorescent spot which were revealed during
autopsy (C, D green arrowhead). There are non-fluorescent foci found (D, purple thick
arrow).
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3. PROTOCOLS

Isolate tumor cells from mammary tumor tissue

Materials
Dissecting tools
Cotton swabs
Sterile scalpels/ Razor blades
MECL medium (2%ABS)
Collagenase 111 (Worthington )
Hyaluronidase Sigma #H3506
Pen/Strep Gibco 100x
Gentamycin Gibco

24 well plate or equal surface area 4 well plate

Day 0

Autoclave dissection tools

Day 1

1. Make collagenase solution (Digestion medium)

DMEM:F12 100ml
5% FBS
100u/ml pen/strep (1ml), Stock 10mg/ml

100ug/ml gentamicine (0.2ml), Stock 50mg/ml
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2mg/ml collagenase (200mg)

. Take tumor sample from mice

Use sterile technique, mince tumor tissue into very small pieces (<0.5mm) with
two razor blades. Mincing should not take more than 5min. Place minced tissue in
digestion medium (0.5g tissue/10ml medium in 15ml conical tube, about rice size)
and shake at 37 °C for approximately 3 hrs. The shaker should be set at 110 to 125
rpm. (Give it a good, hard shake every hour)

Centrifuge to collect cells after collagenase digestion. PBS wash once. The result
pellet is resuspended in MECL media with 2% ABS, pen/strep and gentamycin.
Seed cells in 3-4 wells in 6 well plates (per 0.5g tissue). Change to fresh medium
after 6hrs.

In the following weeks, passage cells into the same size culture surface until
obvious cell growth are observed.

Freeze vials along the way.
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Immunofluorescence stain (K5, K8/18)

Materials and Solutions
Antibodies
e Anti-cytokeratin 5 (K5, 1:8000, PRB-160P, Covance, Berkeley, CA)
e Anti-cytokeratin 8/18 (Ker8/18, 1:450, GP11, Progen Biotecknik, Heiderlberg,

Germany)

Coverslip: 22x22mm, 1 %, (check the lens to decide optimum thickness)

Sodium citrate 100mM:

29.149g (sodium citrate.2H,0) + 1L H,0

Blocking buffer:
5%BSA/0.5%Tween-20 in 1X PBS
0.5g BSA + 0.05ml Tween-20 in 10ml PBS (fresh preparation, no more than 1

week old, keep in 4°C)

Wash solution:
0.1%Tween20 in PBS

0.1ml Tween 20 in 100ml PBS

Equilibrate solution

Mounting medium w/o DABCO

Homemade mounting medium
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DABCO/Tris/Glicerol (DTG)

2.5% Dabco (Sigma D2522)

50mM Tris-HCI pH8.0

90% Glycerol

for 50ml use 1.25g DABCO, 45ml glycerol, 2.5ml 1M Tris pH8.0 and 2.5ml H20.
Mix components, dissolve DABCO by warming to 70°C, mix, aliquot and store at -

20°C. Stable at 4°C for 1 month (watch for contamination).

Procedure:

1. Deparaffinize and rehydrate sections as follows:

3 x 3" Xylene

3 x 3" 100% ethanol
2 x 2" 95% ethanol
2 x 2" 70% ethanol

1x5 1x PBS

2. Microwave antigen retrieval:

e Place slides in a glass slide holder and fill in the rest of the rack with blank
slides (10 total).

e Place the rack in 600 ml of 10 mM Sodium Citrate (pH 6; 100 mM stock) in
a glass 2L beaker.

e Microwave for 20 minutes total, replacing evaporated water after 10 min.

e Cool the slides 20 min in the beaker.
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