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A NOD/SCID Model of Primary Human Breast Cancer
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Abstract: Background: Breast cancer kills about 400 000 people annually worldwide. Whilst the conventional therapy of
surgery, radiation, chemotherapy and hormone therapy has increased survival rates dramatically, the relapse rate is intol-
erably high. New therapies, particularly immunotherapies, required to combat this residual disease would ideally be tested
on an animal model. Current animal models of human breast cancer available for testing new therapies are unreliable. We
therefore sought to develop a protocol that will enable the reliable and reproducible production of a xenograft murine
model of human breast cancer.

Methods: Female NOD/SCID mice, under specific pathogen-free conditions, were inoculated subcutaneously in the ingui-
nal mammary fat pad area with either dissociated primary breast tumours or the breast cancer cell line MCF7. Variables
tested included irradiation of mice prior to inoculation, differing tumour cell numbers and the use of the commercial
basement membrane Matrigel.

Results: 100% engraftment and growth of both MCF7 cells and dissociated primary breast tumour cells, coinoculated with
Matrigel, was achieved regardless of whether the mouse was irradiated or not, however larger tumour volume was
achieved in the non-irradiated mice. The largest inoculum, 5 x 10° cells of MCF?7 cells, gave the largest tumours after 3
months in situ (p=0.006). The number of cells injected from primary tumours did not correlate with final tumour size.
Both MCF7 and primary human breast tumours exhibited the layered nature of breast tumours, with living cells on the pe-
riphery and necrotic cells in the interior. MCF7 cells that engrafted maintained their ER+, CD24+, CD44+ BC2+
(MUC1+) status after in vivo growth. All tumours became vascularised but no metastasis was evident.

Conclusions: This is a simple and reliable protocol that ensures human breast tumour growth in the NOD/SCID mouse.
This model is valid, in that the tumours are orthotopic, they have the layered nature of human breast tumours, become
vascularised and maintained the surface and nuclear marker status tested for. It has potential as a valid human breast can-

cer test bed for preclinical testing of immunotherapies and anti-angiogenesis agents.

INTRODUCTION

The pursuit of a valid murine model of human breast
cancer has occupied researchers for decades. Nude mice
were the mainstay of xenotransplant modelling until 1993 [1-
5]. A major step forward in the development of a more im-
munodeficient mouse strain was the identification of the Se-
vere Combined Immunodeficicent (SCID) mouse [6]. Ku-
bota and co-workers were among the first to demonstrate
that the SCID mouse was as good as, if not better, than the
Nude mouse for xenotransplant experiments with 60% breast
cancer growth in Nude mice and 65% for SCID mice [7].
Using this model, Visonneau and colleagues achieved 100%
engraftment rate for human breast tumours samples [8]. Of
note is that one year later this same group could only achieve
50% tumour growth with the same protocol, mouse strain
and implants [9], highlighting the unreliability of the SCID
model of human breast cancer.

The functional innate immune system of the SCID mouse
was under suspicion as the source of inconsistency of breast
tumour uptake rates. The NOD mouse, which has mutations
at multiple loci, is deficient in NK cells, complement and
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have dysfunctional antigen presenting cells [10]. Develop-
ment of the NOD/SCID mouse which has combined defects
in the innate and adaptive immune systems led to their use in
preference to the SCID mouse for xenotransplantation of
human breast carcinomas [11]. Beckhove, Bai, Feuerer and
colleagues have had considerable success with the NOD/
SCID mouse strain, recording 90 — 93% engraftment of hu-
man breast tumours [11] and achieving tumour regression in
vivo [12, 13].

Irradiation destroys the haematopoietic tissue and sup-
presses the immune system. Beckhove and colleagues con-
ducted a well designed experiment in which direct compari-
sons were done between the engraftment rates of human
breast tumour and MCF7 in irradiated (3.75Gy) and non ir-
radiated NOD/SCID mice [11]. The 93% uptake for irradi-
ated mice was largely negated by the high, early mortality
rate. Non-irradiated animals registered 90% tumour growth,
however engraftment rates were still inconsistent. Com-
pounds that promote primary human breast cancer growth in
vivo are clearly required if this model is going to be of use as
a preclinical platform to test new breast cancer therapies.

The basal lamina, sheets of extracellular matrix, influ-
ence cell metabolism, proliferation, survival, differentiation,
organisation and migration [14]. An artificial basal lamina
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such as Matrigel, when administered with the foreign tissue,
enhances engraftment by facilitating the processes of cell
adhesion, migration and proliferation. A study comparing
subcutaneous (SC) uptake rates of xenografts in nude mice
showed significant improvement if Matrigel was added to
the cell suspension [15]. This strategy was subsequently used
by numerous groups [11-13, 16]. Two of these groups,
Beckhove and Al-Hajj, reported between 90 and 100% en-
graftment rates in NOD/SCID mice [16, 17]. Beckhove and
coworkers have extended this, showing tumour engraftment
and growth after surgical implantation, without coinocula-
tion with Matrigel, in the NOD/SCID model after 16 days
post tumour implantation [17].

We were interested in developing novel immunothera-
peutic strategies as adjunct therapy for breast cancer. The
inconsistency and unreliable nature of the current murine
models of primary human breast cancer is a significant rate
limiting step. A protocol was required to simply and reliably
grow human breast cancer cells in mice as a test bed for new
therapies. Such a method is reported here.

METHODS
Mice

4 week old female NOD/SCID mice were sourced from
the Walter and Eliza Hill Institute, Victoria. All animal work
was approved by the University of Queensland Animal Eth-
ics Committee. Mice were allowed to acclimatise for 7 days
prior to any procedures. Mice were housed in microisolator
cages and provided with autoclaved food and water. In some
experiments mice received total body irradiation (TBI) of
250cGy in a Gammacell 40 Exactor (MDS Nordion) 24
hours prior to tumour cell inoculation.

Primary Tumours

Tumours were obtained from women with newly diag-
nosed breast cancer. All experimental work was approved by
the Mater Health Services Human Research Ethics Commit-
tee. Patient age and tumour grade were not restricted, how-
ever tumour diameter had to exceed 2 cm diameter. Six pri-
mary tumours were suitable for inclusion in this study, as
listed below in Table 1.

Tumour Dissociation

Tumour samples were collected and processed immedi-
ately. Each tumour was washed in Hanks Balanced Salt
Solution / Glutamine / Penicillin / Streptomycin (HBSS / GPS)
(Sigma), solution to remove pathology ink, blood and fat.
The cleaned specimen was then transferred to a 9cm petri
dish and 5mLs of 0.1% collagenase | solution (Powdered
Collagenase | (Sigma) dissolved in HBSS to produce a 1%
dissociation solution) was added. The tumour was then
minced using scalpel blades and the resulting mixture trans-
ferred to a sterile 50mL Schott bottle with magnetic stirring
rod. After addition of another 30mL collagenase solution, the
mixture was stirred at room temperature for between 2 and
18 hours to produce a solution free of visible fibrous matter.
The single cell suspension of breast cancer cells was washed
with HBSS/GPS and centrifuged at 2000 rpm for 10 minutes.
The pellet was resuspended in 50uL PBS for the SC inocula-
tion.
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Table1. Primary Tumour Pathology and Histology
Primary Tumour Primary Tumour
Tumour ID Histology Tumour ID Histology
24mm 23mm
IDC ILC
MOPB28 Grade3 NHPL57 Grade3
LN involvement No LN involvement
ER- ER+
40mm 35mm
IDC IDC
PRFD45 Grade2 PTIG40 Grade3
No LN involvement LN involvement
ER+ ER+
30mm 35mm
IDC IDC
SKOB39 Grade2 GRYD52 Grade3
No LN involvement LN involvement
ER+ ER+

IDC - invasive ductal carcinoma, ILC - invasive lobular carcinoma, LN — lymph
nodes, Grade 2 — cancer localised and < 5¢cm, Grade 3 — cancer in breast and LN.

Breast Cancer Cell Line MCF7

MCF7, an oestrogen receptor (ER) positive breast cancer
cell line was used for preliminary experiments. Cells were
seeded at 3x10° cells in Complete Medium ((CM) Roswell
Park Memorial Institute (RPMI) 1640 without L-Glutamine
(GIBCO Life Technologies) + GPS solution (GIBCO Life
Technologies) and 10% heat inactivated foetal calf serum
(FCS) (JRH Industries). Cells were placed in a CO; incuba-
tor (Quantum Scientific) at 37 °C. When the adherent MCF7
cells reach confluence, they were detached using one of two
solutions. After removal of the CM and rinsing the flask with
PBS, Versene (0.53mM EDTA (Sigma) in PBS) or a Trypsin
solution (0.1% Trypsin (Sigma) with 0.5mM EDTA in PBS)
was added, depending on the subsequent use of the cells, and
the flask placed back in the 37°C incubator for 5 mins. After
detachment, the same quantity of CM was added to halt the
detachment reaction.

Basement Membrane

Matrigel (BD Biosciences Pharmingen) is a commercial
basement membrane extracted from a mouse sarcoma. Ma-
trigel will solidify at 10°C, therefore all implements and so-
lutions used with this material must be cold. Matrigel solidi-
fies on injection into the mouse to form a plug.

Tumour Inoculation

A dose finding experiment was conducted with the
MCEF7 cells to determine if a correlation existed between the
number of cells inoculated and tumour size. Primary tumour
cells were enumerated and all cells were used to inoculate
the mice. Tumour cells in PBS were drawn up into an insulin
syringe with a 27 gauge needle and then ejected into an am-
poule containing 50uL of Matrigel for MCF7 cells and
100uL of Matrigel for primary tumour cells. The mouse was
then restrained and using forceps the abdominal skin is
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raised (tenting method) and the injection given SC into the
inguinal mammary fat pad area (MFP) (Fig. 1A and B).

Animal Monitoring and Lump Volume

Mice were monitored daily for well being and tumour
development. Tumour size, weight of mouse, fur ruffling and
hunched posture were allocated a score of 0 for no manifes-
tation of the relevant characteristic through a subjective gra-
dient to 1 for a severe manifestation of the characteristic. The
scores were allocated and added for each characteristic each
time the tumour volume was measured. A combined score of
4 required the animal be euthanased. Mice were culled using
CO, asphyxiation and cervical dislocation when their tumour
size exceeded 1cm, overall score reached 4, or 3 months post
inoculation, whichever came first.

Organ and Tumour Harvest

After sacrifice, the tumour was excised for immunohisto-
chemistry to reveal ER status and presence of mitotic cells.
Mouse liver, lungs and bones were harvested, their gross
morphology examined for tumours and then placed in forma-
lin for identical immunohistochemical analyses as those per-
formed on the primary breast tumour.

Cytospin

Cytospins of MCF7 cells and primary tumour cells were
immersed immediately in 96% ethanol (Banksia Scientific)
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to fix for ER (Novacastra) staining. Cytospins were made
before and after passage in the NOD/SCID mouse.

Histochemistry

Tumour, organs and bones were harvested from mice and
fixed immediately in formalin. These were then embedded in
paraffin blocks (bones required prior decalcification) and
processed using standard protocols for anti-human ER or
haematoxilin and eosin (H&E) stain (Gurr and Amber Scien-
tific respectively). Microscopic examination (Olympus
BX60) and photography (Olympus DP12) were then used to
ascertain presence of tumour cells. Cells sizes were deter-
mined using a graduated eyepiece and calibrated slide. Pho-
tographs were not manipulated with exception for adjusting
for brightness and contrast.

Flow Cytometry

MCF7 cells clump in solution, so they were passed
through a 23 gauge needle to ensure a single cell suspension
for staining with the antibodies listed in Table 2. 10 000
events were collected using FACSCalibur (Becton Dickin-
son). Subsequent analysis utilised FCS Express 1 and 2
software (De Novo).

Statistics

In situ tumour size was measured with digital calipers
(Kinchrome). We found that the tumours resembled only

Matrigel (pink) and
MCF7 cells (purple)

1 .. Mammary fat cells -
T

B.

Underlying peritoneum

Fig. (1) A. SC inoculation of tumour cells in murine MFP using the tenting method. B. SC inoculation of MCF7 cells in murine MFP in situ.
MCF7 cells coinoculated with 50uL Matrigel, H&E stain, magnification 10x4x, 9 days post inoculation.

Table2. Flow Cytometry Antibodies Used
Name Fluorchrome Specificity Isotype Supplier
CD24 PE Anti human glycoprotein Mouse 1gG2, BD Biosciences Pharmingen
CD44 APC Anti human Pgp-1 Mouse 19G2, BD Biosciences Pharmingen
BC2 FITC Anti human MUC1 Mouse 1gG1 Associate Professor Mike McGuckin, MMRI
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half an ellipsoid, as they did not penetrate below the perito-
neum, therefore the formula used to measure lump volume
was that of half an ellipsoid, | x w? x I7/12. Table and graphs
shown relate to lump volumes at day 64 post inoculation for
consistency between animals. Statistical analysis was done
on lump volumes calculated over the entire life span of each
individual mouse. ANOVA, student’s t test and correlations
were used to analyse the data. p < 0.05 was considered to be
statistically significant.

RESULTS

The Importance of Matrigel to Tumour Engraftment and
Growth of Primary Tumour Cells and MCF7 Cells

Preliminary experiments using MCF7 cells without Ma-
trigel showed no tumour engraftment at sacrifice 6 weeks
post inoculation (data not shown). Beckhove and colleagues
had used 200uL of Matrigel with their MCF7 cells [11]. In
this project, 200uL of Matrigel produced a lump upon SC
injection into the mouse that contravened our ethics ap-
proval. 100uL of Matrigel was then arbitrarily chosen to use
with the reduced number of primary tumour cells available.
The large lump volume measured after the inoculation of 10°
primary tumour cells in 100pL Matrigel (~195mm?) raised
concern as to the lump volume potentially produced by the
inoculation of 5x10° MCF?7 cells in 100uL of Matrigel. Sub-
sequent use of 50uL Matrigel was found sufficient for MCF7
tumour cell engraftment and growth.

Defining Lump Volume Change due to Matrigel Absorp-
tion Only

In a model that is being developed to test for tumour cell
cytolysis, it was important to ascertain how much of any
lump volume decrease was caused by Matrigel absorption

Irradiated (250 cGy) mice

A.
200- = Irradiated 10* Irradiated 5x10°
Irradiated 10° Irradiated 10° killed
= Irradiated 10° Irradiated Matrigel only
&~ 1501
£
E
2 100-
ER
o N\, T =
> 50 f\ z T A % _;/,.o
| f29 ‘d\ _“/‘0,\:;4}::!/ 7Y
Ml L+t | ¢t
c L] L] L] 1
0 20 40 60 80

Days post Innoculation
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only. Matrigel forms a plug upon SC injection into the
mouse. As a preliminary experiment, lump measurements
were taken at 45 minutes and 9 days post injection with
50uL of Matrigel. After 45 minutes, the plug was approxi-
mately 70mm?. After 9 days, the lump was 30mm?. This is
evidenced by the general lump volume reduction for the first
14 days post inoculation, as shown in Fig. (2A and B). Tu-
mour growth was therefore calculated using lump volume at
14 days post inoculation as the starting value.

Influence of Tumour Cell Dosage and TBI on MCF7
Tumour Growth

Given that Matrigel is essential for 100% tumour cell
engraftment and growth of MCF7 cells, we next evaluated
the role of tumour cell number and prior TBI in promoting
MCF7 tumour growth. Each of the following MCF7 cell
dosages, 10%, 10°, 10° and 5x10° was inoculated into repli-
cate NOD/SCID mice, one of which had received 250cGy
radiation 24 hours prior to tumour cell inoculation. Tumour
cell engraftment occurred in all cases, however the radiation
appeared detrimental to tumour growth (Fig. 2A), compared
to tumour growth in the non-irradiated mice (Fig. 2B). Start-
ing lump volume is different in each case, depending on
spread of the MCF7 tumour cell/Matrigel inoculum over the
peritoneum post injection. However, rates of growth after
that initial 14 days in which Matrigel absorption occurs most
markedly, suggest that smaller tumours were obtained in the
irradiated mice as compared with the non-irradiated mice at
the final time point (Table 3). In the non-irradiated mice, the
larger the MCF7 inoculum the larger the final tumour size
(p=0.006). The Matrigel only control in the non-irradiated
mice showed an unexpectedly large drop in volume, -22
mm?, from week 2 to week 9 post inoculation. A control
mouse, which had been inoculated with killed MCF7 cells

Non-irradiated NOD-SCID mice
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Fig. (2) A. Lump volume after MCF7 inoculation and TBI. Lump volume of 10%, 10°, 10° and 5x10° MCF7 cells coinoculated with 50uL of
Matrigel into mice that have received TBI of 250 cGy 24hrs prior to inoculation. Lump measurements taken on average once per week. B.
Lump volume after MCF7 inoculation without TBI. Lump volume of 10*, 10° 10°® and 5x10° MCF7 cells coinoculated with 50pLL into mice
that have not received TBI. Lump measurements taken on average once per week.
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Table3. MCF7 Cell Dosage Experiment
Irradiated Mice
C13M4 C13MS
Days Post C12M0 ci2mMm1 Cc12Mm2 C12M3 Cl2M4 C12M5 C13M2 C13M3 1006 10e4
Inoculation 10e4 10e4 10e5 10e5 10e6 10e6 5x10e6 5x10e6 killed Matrigel
only
14 13 32 16 11 27 26 49 22 22 25
64 29 42 25 13 28 27 70 35 22 24
Increase (mm®) 16 10 9 2 1 1 21 13 0 -1
Cells/uL Matrigel 200 200 2000 2000 20000 20000 100000 100000
Non-Irradiated Mice
CliM4 coM3
Days Post C13M0 ci3Mm1 C14M0 Ccl4M1 Cl14M2 C14M3 Cl14M4 C14M5 1006 10e4
Inoculation 10e4 10e4 10e5 10e5 10e6 10e6 5x10e6 5x10e6 Killed Matrigel
only
14 26 24 32 21 40 35 136 64 31 62
64 47 48 43 38 54 83 163 116 45 40
Increase (mm®) 21 24 15 17 14 48 27 52 14 -22
Cells/uL Matrigel 200 200 2000 2000 20000 20000 100000 100000

C- cage number. M — mouse number. MCF7 cell dosage given to each mouse below mouse ID. Lump size in mm®at days 14 and 64 post inoculation.

had an unexpected increase in lump volume (14 mm?). These
MCF7 cells had received 10000 cGy radiation prior to inocu-
lation. Subsequent H&E staining of the excised lump on sac-
rifice revealed the MCF7 cells in this negative control had a
lacy appearance, therefore could be considered to be dead
MCF7 cells (data not shown).

Tumour Engraftment and Growth of Primary Tumour
Cells

Six primary breast tumours were available for this study.
MOPB28 and PTIG40 were inoculated into irradiated mice
with no Matrigel, NHPK57 was inoculated into an irradiated
mouse with 100uL Matrigel, PRFD45 and SBOK39 were
inoculated into mice with no TBI and 100uL Matrigel and
GRYD52 into a mouse with no TBI and no Matrigel. Only
the primary tumour cells co-inoculated with 100uL Matrigel
proliferated (p=0.003 Fig. 3). Tumour cells injected without
Matrigel failed to engraft and grow (data not shown). When
Matrigel was used, there was no correlation between number
of cells in the inoculum and the eventual tumour size
(p=0.332) (Table 4).

Determination and Maintenance of CD24*, CD44*, BC2
(MUC1)" and ER" Status of MCF7 Cells

The prospective phenotype of primary breast tumour
stem cells has recently been described as CD24""/CD44™"
[16]. BC2 and ER are expressed on MCF7 cells [18]. It was
therefore important to establish that MCF7 cells maintained
their nuclear and surface marker phenotype throughout their
proliferation in the mouse. There was no significant differ-

ence in CD24, CD44 and BC2 expression levels on cultured
MCF7 cells and those MCF7 cells that have been passaged
in the mouse for 13 weeks (p=0.83; Table 5).

- PRFD45 5x10* 100uL
-+ SBOK39 1x10° 100uL
NHPK57 irr 3.4x10% 100uL

Volume (mm?®
)
il
%
oS

c L) L) L) L) L) L) L) L) L) L) L]
0 10 20 30 40 50 60 70 80 90 100 110
Days post Innoculation

Fig. (3). Lump volume in mice inoculated with dissociated pri-
mary breast cancer cells. Dissociated primary tumour cells
coinoculated with 100uL of Matrigel. 5x10* PRFD45 cells and 10°
SBOK39 cells into mice with no TBI and 3.4x10* NHPK57 into a
mouse having undergone prior TBI.

Histology

Each lump was excised after sacrifice to ensure that tu-
mour cells were proliferating, as evidenced by the presence
of mitotic cells. These proliferating cells were found in both
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Table4. Primary Tumours
Irradiated Mice Non-irradiated Mice
C10M0 Cim2 CiM3 CIMO Com1
NHPK57 PRFD45 PRFD45 SBOK39 SBOK39
ILC IDC IDC IDC IDC
Days post inoculation Grade 3 Grade 2 Grade 2 Grade 2 Grade 2
No LN No LN No LN No LN No LN
ER+CerbB2- ER+CerbB2-PR+ ER+CerbB2-PR+ ER+CerbB2- ER+CerbB2-
3x10e4 5x10e4 5x10e4 10e6 10e6
14 77 0 55 71 60
64 81 0 86 117 111
Increase (mm®) 4 0 31 46 51
Cells/uL Matrigel 340 500 500 20000 20000

C- cage number, M — mouse ID, LN — lymph node, ILC - invasive lobular carcinoma, IDC - invasive ductal carcinoma. Primary tumour source, type and cell dosage given to each
mouse below mouse ID. Lump size in mm?®at days 14 and 64 post inoculation.

Table 5.

Surface Markers on MCF7 Cells befor and after In Vivo Growth

CD24+ Cells (%0)

CD44+ Cells (%0)

BC2+ Cells (%0)

Cultured MCF7 cells

84

40

63

Ex vivo C3M4

MCEF7 cells 13 weeks post inoculation

97

43

61

MCF7-derived tumours (Fig. 4) and primary tumours. Cross
sectional analysis of the excised tumours showed living cells
towards the outside margins of the tumour (ER" staining)
and necrotic cells in the centre (lacy appearance of cells) as
shown in Fig. (5). The clear area in the middle is the Matri-

-

Fig. (4). MCF7 cells undergoing mitosis in excised tumour 9

weeks post inoculation. No TBI, 5x106 MCF7 cells co-inoculated
with 50uL Matrigel, H&E stain, magnification 10x100x oil.

2 mm

Fig. (5). Retention of nuclear markers on MCF7 cells after pas-

sage in the NOD-SCID mouse. Brown stained, ER+ MCF7 cells
on the periphery of this excised tumour 9 weeks post inoculation.

Unstained cells in the interior have the lacy appearance of necrotic
cells. No TBI, 10* MCF?7 cells coinoculated with 50uL Matrigel,
ER stain, magnification 10x4x.

Angiogenesis and Metastasis

The vascularisation of breast tumours facilitates metasta-
sis and the maintenance of the minimal residual disease.
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Both MCF7 and primary xenografts, exhibited surface (Fig.
6A) and internal vascularisation (Fig. 6B) at sacrifice that
was not evident in Matrigel only controls (Fig. 6C). The tu-
mour, murine bones, liver and lungs were harvested upon
sacrifice. No metastatic breast tumour cells were identified in
any organs tested with anti-human ER.

DISCUSSION

Recently, the most successful rates of engraftment and
growth of xenografted human breast tumours in the non-
conditioned NOD/SCID mouse were obtained by surgical
implantation by the Beckhove group [11]. The appeal of the
model described here is its ease of achieving human breast
tumour cell growth in a mouse without the need for anaes-
thesia, surgery and post operative animal isolation and care.
The tenting method invariably leads to the inoculum going
SC as required. To achieve tumour growth, pre-treatment of
the mouse with TBI is unnecessary. Unlike MCF7 cells,
there was no correlation between numbers of primary tumour
cells and tumour growth. This no doubt illustrates the diverse
nature of the cells in a human breast tumour, which include
stromal, normal epithelial cell and tumour cells. Whilst Ma-
trigel provides an ideal environment for tumour cell en-
graftment, growth and vascularisation, its presence does im-
pose some limitations to the model. Firstly, it is very viscous
and agitation for mixing will produce bubbles. Too many
bubbles will prevent efficient inoculation and a wasted sam-
ple. A delicate balance is required to mix the tumour cells
with Matrigel but not introduce excessive amounts of air into
the sample. Secondly, as evidenced in the negative controls,
variations in size of the Matrigel plug need to be considered
when calculating tumour volume. Matrigel decreases in vol-
ume over the first 2 weeks post inoculation, but as the Matri-
gel-only controls indicate, that may or may not be the end of
its absorption. Some tumours had ill-defined edges, making
precise measurements of length and width difficult. This was
illustrated with the negative control inoculated with Matrigel
and killed MCF7 cells, whose lump measurements increased,

A. Neovascularisation

B. Neovascularisation
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but histology confirmed no live cells present. 100% of tu-
mours underwent angiogenesis (Fig. 6A and B), suggesting
metastasis might occur in the future. There was no evidence
of metastatic ER" MCF7 cell deposits in any murine organs
investigated. Thompson and colleagues found a MCF7-
variant tumour would metastasise in nude mice after 5
months of growth [19]. The size of murine capillaries com-
pared to the size of human tumour cells should not pose a
barrier as murine monocytes are of similar size to human
tumour cells. It has been shown that metastatic lung foci
from a xenografted human breast tumour could not be ex-
pected before the tumour reached 500mm? [20]. With aver-
age final tumour volume attained in the allotted time for this
study for this project an order of magnitude lower than
500mm?, it was perhaps optimistic to search for metastatic
deposits. Flow cytometry may be used to identify circulating
human tumour cells in murine blood. The 100% rate of
neovascularisation of the in vivo xenografted tumours in this
model might also interest those researchers interested in anti-
angiogenesis studies as adjuvant therapy for solid cancers.

CONCLUSION

This method facilitates 100% human breast tumour cell
growth in an immunodeficient murine model, without pre-
conditioning with TBI and in conjunction with the commer-
cial basement membrane, Matrigel. It provides a basic model
that can be used to accommodate testing of novel immuno-
therapies or anti-angiogenesis adjuvant therapies.

ABBREVIATIONS

NOD/SCID = Non obese diabetic/severe combined im-
munodeficiency

SC = Subcutaneous

ER = Qestrogen receptor

TBI = Total body irradiation

MFP = Mammary fat pad

C. No neovascularisation

Fig. (6) A. Angiogenesis of MCF7 tumours in situ 9 weeks post inoculation. Surface vascularisation of tumour in a non-irradiated mouse, 10°
MCEF7 cells coinoculated with 50uL Matrigel. B. Angiogenesis of primary tumours in situ 9 weeks post inoculation. Surface vascularisation
of tumour in a non-irradiated mouse, 10° SBOK39 primary tumour cells coinoculated with 100uL Matrigel, H&E stain, magnification
10x10x. C. No angiogenesis of 50uL Matrigel-only control in situ 9 weeks post inoculation.
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H&E = Haematoxilin and eosin
IDC = Invasive ductal carcinoma
ILC = Invasive lobular carcinoma
LN = Lymph nodes
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