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Canine mammary tumors contain cancer stem-like cells
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and form spheroids with an embryonic stem cell signature
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ABSTRACT We have investigated the presence of tentative stem-like cells in the canine mam-
mary tumor cell line CMT-U229. This cell line is established from an atypical benign mixed mam-
mary tumor, which has the property of forming duct-like structures in collagen gels. Stem cells in
mammary glands are located in the epithelium; therefore we thought that the CMT-U229 cell line
would be suitable for detection of tentative cancer stem-like cells. Side population (SP) analyses
by flow cytometry were performed with cells that formed spheroids and with cells that did not.
Flow cytometric, single sorted cells were expanded and re-cultured as spheroids. The spheroids
were paraffin embedded and characterized by immunohistochemistry. SP analyses showed that
spheroid forming cells (retenate) as well as single cells (filtrate) contained SP cells. Sca1 positive
cells were single cell sorted and thereafter the SP population increased with repeated SP analyses.
The SP cells were positively labeled with the cell surface-markers CD44 and CD49f (integrin alpha6);
however the expression of CD24 was low or negative. The spheroids expressed the transcription
factor and stem cell marker Sox2, as well as Oct4. Interestingly, only peripheral cells of the spheroids
and single cells were positive for Oct4 expression. SP cells are suggested to correspond to stem
cells and in this study, we have enriched for tentative tumor stem-like cells derived from a canine
mammary tumor. All the used markers indicate that the studied CMT-U229 cell line contains SP

cells, which in particular have cancer stem-like cell characteristics.
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Introduction

Mammary stem cells are demonstrated both in mice and in hu-
mans (Alvi, et al., 2003, Clarke, et al., 2005, Clayton, et al., 2004,
Dontu, et al., 2003, Liao, et al., 2007, Shackleton, et al., 2006,
Sleeman, et al., 2006, Stingl, et al., 2006, Villadsen, et al., 2007).
In accordance with this, breast cancer stem cells are character-
ized (Al-Hajj, et al., 2003, Wright, et al., 2008, Zucchi, et al., 2007).
Cells that efflux the Hoechst 33342 dye can be detected and sorted
in a flow cytometer. These cells are named side population (SP)
cells and are suggested to correspond to stem cells in the bone
marrow and in the mammary gland (Clarke, et al., 2005, Dontu,
et al., 2003). In the cited studies of breast cancer stem cells, SP
analyses are performed with or without complementary studies of
cell surface-markers ortumorigenic studiesin mice. The SP analysis
technique has been questioned due to varying results (Smalley
and Clarke, 2005) and also for affect cell differentiation (Adamski,

etal., 2007). However, it is stated that the transcriptional profile of
mammary SP cells has an enrichment of genes GO annotated into:
cellcycle regulation and checkpoints, multidrug resistant transport-
ers, organogenesis and vasculogenesis. The non-SP cells on the
other hand, has up-regulated genes enriched in the GO category
of cellular organization and biogenesis. This GO category included
basal epithelial markers, p63, smooth muscle actin, integrin a6,
CK14, CK8 and CD24, thus markers for progenitor cells, luminal
and basal mammary epithelial cells (Behbod, et al., 2006). The
stem cell antigen sca-1 was introduced as a marker for mouse
mammary cells. Sca-1 positive cells are localized to the luminal
epithelium, which are progesterone negative and do not bind
peanut lectin and they have an increased regenerative potential
when transplanted into cleared mammary fat pads in host mice. It
was concluded from this study that sca-1 positive cells correspond

Abbreviations used in this paper: SP, side population.
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and their ability to form tumors in mice (Cariati, et al.,
2008). In another study, breast cancer samples grown
as spheroids, showed that CD44+/CD24 breast cancer
initiating cells expressed the transcription factor Oct4
(Ponti, et al., 2005). Further, very encouraging results are
shown with oncolytic adenoviruses thatkilled breast cancer
initiating CD44+CD24"" cells. Cancer cells from pleural
effusions expressed Oct4, Sox2 and effluxed Hoechst.
The viral treatment even prevented tumor formation in
mice (Eriksson, et al., 2007). Further, sphere formation
is also described in canine mammary glands and tumors
(Cocola, et al., 2009, Michishita, et al., 2006).

In the present work we have studied the presence of
tentative cancer stem-like cells in the canine mammary
tumor cell line CMT-U229. This cell line, which we have
established from an atypical benign mixed mammary tumor,
has the property to form duct-like structures in collagen
gels (Hellmen, 1992). Since stem cells in the mammary
gland are located to the epithelium we thought this cell
line would be interesting to use for detection of tentative
mammary tumor stemcells. Inthe case that side population
cells correspond to stem cells we have enriched tentative
tumor stem-like cells from the subcloned CMT-U229 avi2
cellline. Allthe cellular markers that we have used indicate
that the studied cell line, in particular when enriched for
the SP cells, have stem cell characteristics and that the
studied cells are robust and plastic.

J/ SEON
Fig. 1. CMT-U229 cells passage 108, in collagen type I culture. The red bars indicate

an area cut for subcloning to form CMT-U229 avi2 (A). CMT-U229 avi2 cells in spinner
flask culture forming spheroids. Note the single cells in between the spheroids (B).

Results

Spheroid formation

Inthis study the CMT-U229 canine mammary tumor cell
line is used to examine the ability of mammary tumor cells
to form spheroids, which is a general accepted criterion
of cancer stem-like cells (Welm, et al., 2002). The CMT-
U229 cells were first subcloned by cutting out a piece of
a formed duct from a collagen type | culture, the used cell
to mouse mammary progenitor cells (Welm, et al., 2002). Chen  clone is named CMT-U229 avi2 (Fig. 1 A). The CMT-U229 avlI2 cells
et al., showed that sca-1 positive cells in an immortalized mouse  formed spheroids in rotating spinner flask cultures. In addition to
mammary gland cell line are resistant to radiation and self-renewal  formed spheroids single to doublet cells were present in the media
and the sca-1 positive cells can be enhanced by p-catenin (Chen,  (Fig. 1 B). There appears to be a balance between the number of
et al., 2007). The characteristic of efflux the Hoechst dye is also  spheroids and the number of single cells i.e. high number of spher-
shown in multidrug resistance. It is reported

Fig. 2. Light micrographs of formed tumors from the CMT-U229 avi2 cells in nude
mice. Simple carcinoma of solid type from CMT-U229 avi2 cells at passage 131 (A).
Simple carcinoma of tubulopapillary type from CMT-U229 avi2 cells at passage 133
(B), (A-B objective x 20).

that the transporter breast cancer resistance CMT1U229

pro.tein BCRP (ABCG2)_ mediate mulltidrug 229 avi2

resistance and ABCG2 is expressed in SP !

cells (Doyle and Ross, 2003). Comparison of 229 avl2 sca-1

SP cells and ABCG2+/- cancer cells showed . o

that only the SP cell population in the studied Single Ce"5°”'”9 (96 z"e" plates)

glioma U373 cell I|n_e as wgll asin .the breas_,t Retenate 1-2 (>30um) Filtrate 1-2 (<30um)

cancer MCF7 cell line enriched with tumori- v N

genic stem-like cells (Patrawala, et al., 2005). Ret 1D9, Ret2 D6, Ret2D11 Filtr 1B6, Filtr 1F8, Filtr 2G9

ABC-transport proteins are also detected, by N N N ! ! N

RT_PCR, in canine mammary tumors (Hon_ Ret Filtr Ret Filtr Ret Filtr diff diff Ret Filtr
: o NN N\ N /N /N N

scha, et al,, 2009). Interestingly, recently it is Ret Filtr Ret Filtr Ret Filtr Ret Filtr Ret Filtr Ret Filtr Ret Filtr

shown thatintegrin 0.6 (CD49f) was necessary
for tumorigenicity of a subpopulation of MCF7 Fig. 3. The experimental design of the side population (SP) analyses. Single cell sorting was
cells. The knockdown of ITGA6 caused the performed into two 96 well plates from retenates (> 30um i.e. spheroids) and filtrates (< 30 um
cells to lose their capacity to form spheroids '-e- single cells) respectively.
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o!ds gavefew smgle cellswhereasa CMT-U229
high number of single cells gave few !
spheroids. We optimized the time 229 avl2
for spinner flask cultures to 7 days
and this balance was still observed. 229 avi2 sca-1 Ret 0,9%; Filtr 1,8%
Single cell sorting Ret 0,1%; Filtr 4,1%
CMT-U229 cells are able to form 9 P g . °
mammary tumors invivo Retenate 1-2 (>30pm) Filtrate 1-2 (<30um)
To investigate the tumorigenic Vs N

capacity of the CMT-U229 avi2 cell Ret 1D9, Ret 2 D6, Ret 2D11 Filtr 1B6, Filtr 1F8, Filtr 2G9
; _ /N /N /N 1 1 /N
!'n.e’ Ce"? were subcutaneously' re Ret5,2% Filtr 18,1%  Ret Filtr 49,4%Ret 27,4% Filtr 36,8% diff diff Ret 16,9% Filtr 15,1%
injected into the flank of nude mice. S PNEEPN N 7 N PN N
Allfourinjected mice formedtumors Ret Filtr Ret Filtr Ret Filtr ~ Ret Filtr Ret Filtr Ret Filtr Ret Filtr

L 0 L304%L 0  98%124% 10,8%;34% L 205% L 354%

within three to 6 weeks with a tumor
size of 1cm in diameter. Two mice
were inoculated with CMT-U229
avl2 cells at passage 131, these
tumors showed a histology typical
of asimple carcinomas of solid type
(Fig.2A). Whereas the tumors from CMT-U229 avl2 cells at passage
133 contained characteristics of simple carcinomas of tubulo-papillary
type (Fig. 2 B). These results indicate that the CMT-U229 avi2 cells
still are tumorigenic by forming carcinomas in nude mice.

Side population cells were present in both retenate and filtrate
cell fractions

Next we wanted to examine the presence of side population
cells in the spheroids (retenates) as well as in the single cell frac-
tion (filtrate) of the CMT-U229 avi2 cells. The experimental set up is
summarized in Fig. 3. The CMT-U229 avl2 cells were first sorted by

flow cytometry in regard to the expression of the stem cell
marker sca-1 (Welm, et al., 2002). About 5% of the ana-
lyzed filtrate cells were positively labeled and theses cells
were sorted. Thereafter the side population analyses were
performed. Fig. 4 shows the results from the side population
analyses in numbers. Initially side population cells from the
sca-1 positive fraction contained 0.9% SP (retenate) cells
and 1.8% filtrate cells and were recultured in spinner flasks
as described above. The SP analyses were repeated and
the percentage of SP cells in the retenate decreased to
0.1% meanwhile in the filtrate the percentage of SP cells

(x1.000)

HO blue-A

Fig. 4. Results of the side population (SP) analyses in figures (in red). Note the increasing number of SP
cells, demonstrating an enrichment of these cell fractions. L, large; by time the spheroids in the retenate frac-
tions were too large to get into single cells by trypsin,; O, too few; when the spheroids were large the cells in
the filtrate fractions were too few to be analyzed.

spheroids were too large and the cells were not separated after
trypsin treatment (Figs. 6 B,D). Taken together these results indicate
that it is possible to enrich for the SP cells.

PKH26 labeling indicated both “monoclonal” and “polyclonal”
spheroid formation

To study the formation of spheroids we used the PKH26 dye
to label the cell membrane of SP and non-SP cells respectively.
The PKH26 staining will decrease for each cell division and thus
spheroids formed from one single cell “monoclonal” have a stronger
labeling in the centre of the spheroid compared to the periphery. If

228 avi2

229 avi2 sca

SP: 0,0%

increased to 4.1% (Figs. 4 and 5). We continued to single
cellsortthese SP cells (into two 96 well plates each). Intotal,
cell growth was observed in 64 wells originating from the
retenate cells and in 45 cell clones grown from the filtrate
cells (in total 28,4% of the cells continued to grow). Three
cell clones originating from the retenate (Ret 1D9, Ret
2D6 and Ret 2D11) respectively from the filtrate (Filtr 1B6,
Filtr 1F8 and Filtr 2G9) were expanded and SP analyzes
were repeated. Interestingly, the number of SP cells had
increased to a very large extent. Filtrate cells originating s
from the studied retenate clones (Ret 1D9, Ret 2D6 and
Ret 2D11) is now containing 18.1% to 49.4% SP cells and
the analyzed filtrate cells originating from the investigated
filtrate cell clone (Filtr 2G9) contains 15.1 to 35.4% of SP
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cells (Figs. 4, 6 A,C). In contrast, cells from the Filtr 1B6
and Filtr 1F8 clones ceased to proliferate and seemed to
be differentiated (not shown). Further, the retenate cellsi.e.
cells derived from spheroids were after repeated sorting
no longer possible to get into single cell suspension. The
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Fig. 5. Side population (SP) analysis of sca1l positive CMT-U229 avi2 cells.
Single cell sorting was done on SP cells from the retenate fraction (A) as well as on
the filtrate fraction (C). Verapamil totally blocked efflux of the Hoechst dye; retenate
fraction (B), filtrate fraction (D).
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Fig. 7. PKH26 labeled CMT-U229 avl2 cell spheroids. A spheroid derived
from SP cells (A) and from non-SP cells (B) respectively, cultured for 12
days (objective x 20). The distribution of PKH26 in the spheroids is red
and the distribution of labeled cells is seen both in the periphery and the
centre of (A) whereas it is more concentrated to the centre of (B). This
indicates that the spheroid in (B) has a monoclonal origin but the one in
(A) is polyclonal.

¢ A m IgG2a
8 m CD49f

Counts

Fig. 6. Enrichment of side populations (SP). Single sorted
cells were expandedin vitro and the SP analyses were repeated.
The fraction of SP cells from the single cell sorted retenate as
well as filtrate cells showed a strong increase of SP cells (A,C)
(see red). (B,D) Retenates i.e. spheroids that were too large
to be separate by trypsin (vimentin labeled spheroids). In (B,D)
objective x40 was used whereas in (D), inset objective x 20 was
used. This demonstrates the large size of some spheroids and
that most cells were vimentin positive.

the spheroids are formed by cell aggregation “polyclonal”
aggregates, then strongly labeled cells will be found ran-
domly in the spheroid. Actually, we found both types of
spheroids and interestingly originating from both SP and
non-SP cells (Figs. 7 A,B). For comparison, we PKH26
labeled cells that grew on agarose-coated dishes, to
avoid attachment to the bottom, and a similar pattern was
observed but the “polyclonal” spheroids increased in this
system compared to spinner flask cultures (not shown).
Our results suggest, at least in this experimental set up,
that the spheroid forming assay is not a criteria reserved
for SP cells only.

CD44and CD49fare expressed onthe SPcells and only
a few cells stained positive for CD34 as well as CD24
To study the expression of different cell surface-markers
on the SP cells we initially labeled them with antibodies against
CD10, CD34 and CD44 and analyzed them by flow cytometry. No
cells expressed CD10, a few cells (2-5%) expressed CD34 whereas
most of the cells were positive for CD44 (80-95%) (not shown). CD34
has been shown to be expressed on stem cells as well as progenitor
cells (Schulenburg, et al., 2006). Further, Al-Hajj et al., has shown
that human breast tumor cells expressing CD44+ and CD24"°" are
very prone to recapitulate the mammary tumors when re-injected into
mice (Al-Hajj, et al., 2003). We continued to study the expression
of CD24 and CD49f and only a few cells stained positive with the
CD24 antibody (not shown) whereas a population of the cells was
labeled with the CD49f antibody (Figs, 8 A,B). CD49f is suggested
to be involved in mammary gland progression (Woodward, et al.,
2005). The expression profile found on the SP cells CD10°*/CD34+/
CD44+/CD24"" and CD49f* support the idea that mammary tumor
cells from canine do contain a population of cancer stem-like cells.

Spheroid cells as well as single cells express Sox2 and Oct4
CD1383 is suggested to be a marker for tumor initiating cells as
well as cells more resistant to treatment both in gliomas and in breast
cancer (Wright, et al., 2008). We continued
to investigate the presence of CD133. We
performed SP analysis on CMT-U229 avl2
cells at passage 11 and sorted both retenate
(2.6%) and filtrate (0.6%) cells that were
positively labeled with the CD133 antibody.
The retenate cells survived and they were

Fig. 8. Expression of CD49f in CMT-U229
cells. Histogram comparing results, from flow
cytometry (FACSort) of CD49fand IgG2a, showed
a higher expression of CD49f compared to the
negative control (lgG2a), (A). Immunocytochem-
istry was also positive for CD49f (B), (objective
x 20), but not for CD24 (not shown).
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Fig. 9. CMT-U229 avl2 sca-1+ cells further sorted for CD133+ and cultured as spheroids in spinner flasks or in Hydro Cell plates. Light micro-
graphs of CMT-U229 avi2 sca-1+ cells (passage 11) cultured as spheroids in agarose-coated petri dishes for 7 days (A-C) or further sorted for CD133+
and cultured in Hydro Cell plates for 21 days (D-G): stained against Sox2 (A,D),; Oct-4 (B,E); Ki-67 (C,F); and Asp175 (Cleaved Caspase-3), (G). Note
that only the peripheral and single cells were labeled with the Oct4 antibody (B,E) whereas most cell nuclei were labeled with the Sox2 antibody (A,D).
The labeling pattern for Ki-67 and Asp175 was the opposite i.e. Ki-67 positive cells were located in the outer parts whereas the relatively few Asp175

positive cells mainly were found in the centre of the spheroids (FG), (A-G objective x 20).

sorted again for CD133 positivity (4.1%). These sorted cells were
further cultured and the CD133 sorting procedure was repeated
but this time the CD133 positive cells (1.4%) were sorted directly
into a 24 well low binding Hydro Cell plate. The sorted cells formed
spheroids and were allowed to grow for 21 days (Figs. 9 D-G and
10 A-B). Next, we were interested to study whether the formed
spheroids expressed stem cell markers. Immunohistochemistry
stainings of Sox2 and Oct4 were performed on paraffin embedded
spheroids, both from a 7 days agarose-coated dish culture and
from Hydro Cell 21 day culture. For comparison the spheroids were
stained with Ki-67 and Asp175. Merely cells in the periphery of the
large spheroids and the nuclei of single cells stained positive

to Oct4 (Fig. 9 B,E and Fig. 10A). On the other hand, Sox2 ‘A
was expressed in the nuclei of most cells (Fig. 9 A,D and

Fig. 10B). The expression pattern for Sox2 and Ki-67 cor- =
responded in the Hydro Cell formed spheroids with positive
cellnucleiin most cells except for the onesin the central parts

of the spheroids (Fig. 9 C,F), which indicate that the Sox2
positive cells are proliferative. The expression of Sox2 and
Ki-67 were opposite to the location of the Cleaved Caspase-3
positive cells i.e. apoptotic cells that mainly were located in
the centre of the spheroids (Fig. 9G). These observations
suggest that enriching cells for the expression of CD133is
another way, in addition to the ability to efflux Hoechst, to
substantiate the presence of cancer stem-like cells in the
CMT-U229 avlI2 cell line.

Spheroid cells express Sox2 and Oct4 in different cell M :

culture media

In order to investigate the role of cell culture medium on
spheroidformation, spheroids from CMT-U229 avI2 (passage
119) were cultured in spinner flasks for 7 days in enriched
DMEM medium and in RPMI1640 medium plus 10% FBS.
However, the same staining pattern for Oct4 (Fig. 11 A,C)

and Sox2 (Fig. 11 B,D) was observed irrespectively of cell culture
medium. Notably, the morphology of the spheroids differed; spher-
oids cultured in enriched DMEM were more sparsely organized
than the ones grown in RPMI that appeared denser (Fig. 11).

Filtrate cells form spheroids but the trypsin treated spheroids
failed to re-grow

Next we wanted to examine how far it is possible to re-culture
spheroid growing cells. CMT-U229 avI2 (passage 120) were cul-
tured as spheroids. After 14 days of culture, the spheroids that
were trypsin treated and re-cultured as retenate and filtrate, all

Fig.10.CMT-U229 avl2 cells sorted for CD133+ stained positive for Oct4 and Sox2.
Light micrographs of CMT-U229 avi2 cells sorted for CD133+ cultured in Hydro Cell
plates for 21 days: stained against Oct-4 (A); Sox2 (B). Note that only the peripheral
and single cells (insets) were labeled with the Oct4 antibody (A) whereas most cell
nuclei, except for cells in the central part, were labeled with the Sox2 antibody (B),
(A,B objective x 20).
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Fig. 11. Spheroid cells express Sox2 and Oct4 in different cell culture media. Light
micrographs of CMT-U229 avi2 cells at passage 119. Spheroids cultured in spinner flasks

Cancer stem-like cells do not form spheroids under
serum free conditions

Further we were interested to examine if cancer-
stem-like cells are that potent that they can grow under
serum free conditions in RPMI1640 medium. CD133*
sorted retenate cells (passage 6) were cultured under
serum free conditions in Hydro Cell plates but, the cells
failed to grow. Only a few single cells were detected
(not shown). In contrast, both spheroids and single
cells were observed in all wells with serum-enriched
medium (Fig. 13A, wells B2-4 and C1-4). Despite the
number of seeded cells, at day 27, plenty of spheroids
and single cells were detected in all wells (Fig. 13
B-D). This suggests that complete withdrawal of FBS
inhibit growth of cancer stem-like cells. Which specific
factors that are required for CD133+ cell growth is not
investigated in the study.

Discussion

We have successfully performed several side popu-
lation (SP) analyses on the CMT-U229 avi2 cell line.
The cells allowed us to do single cell-sorting experi-
ments both from SP and non-SP cell fractions as well
as on cells just labeled with cell surface-markers (i.e.

for 7 days in enriched DMEM medium stained for Oct4 (A) and Sox2 (B): cells cultured CD antibodies). The cell line was established from a

in RPMI1640 medium plus 10% fetal bovine serum stained for Oct4 (C) and Sox2 (D).
Note that the same staining pattern was observed irrespectively of cell culture medium,

(A-D objective x 20).

the cells re-grow (Fig. 12, wells 5-6 and 7-8). The spheroids were
retreated with trypsin and re-cultured as retenate and filtrate. This
time the cells from the retenate ceased to grow (Fig. 12, wells
9-10). Interestingly, in all wells with filtrate cells, new spheroids
were formed (Fig. 12, wells 3-4, 7-8 and 11-12) and few single
cells were observed.The yellow color of the medium indicates
that the cells are viable and small spheroids can be seen in the
lower part of these wells. This demonstrates that it is possible for
cells in the filtrate fraction to form spheroids and to re-culture cells
derived from spheroids to a certain level. The latter results are in
agreement with the presence of apoptotic cells in the centre of
spheroids (Fig. 9 G).

complexadenoma andthese tumors are characterized
by being biphasic i.e. they are composed by epithelial
cells that form ducts and by elongated myoepithelial/
basal cells forming a myxoid to spindle tumor-like tis-
sue. Most probably these tumors originate from biphasic mammary
gland stem-like cells, they could even be less differentiated but that
needs tobe proven. CD10is aknown marker for myoepithelial cells
and all cells in our study were negative for this antibody (Leibl and
Moinfar, 2006). Most likely, functional myoepithelial cells are only
present during lactation and thus the term basal cells is to prefer
in breast cancer terminology (Hellmén, 1996).

CD44+CD247v cells have been found to correspond to breast
cancer stem cells (Al-Hajj, et al., 2003). In the present study, we
found that most cells were positive for CD44 and thus not valuable
to separate different cell populations. The expression of CD44
was more up regulated in benign canine mammary tumors than in
malignant ones (Paltian, et al., 2009). CD44 is associated with cell

Fig. 12. Filtrate cells form spheroids but the trypsin treated spheroids
failed to re-grow. 7o study the capacity of spheroid formation we seeded
the CMT-U229 avl 2 (passage 120) in enriched DMEM medium and cultured
the cells in a spinner flask. After 14 days, the 30 um filters were used to
separate the spheroids (retenate fraction, wells 1,2) from the single cells
(filtrate fraction, wells 3,4). The spheroids were treated with trypsin for 10
minutes at +37°C and the received retenate and filtrate were seeded in
doublet wells. Once again these spheroids were treated with trypsin 2 x
10 minutes and the formed retenate and filtrate were seeded in doublet
wells and cultured for 20 days in a Hydro Cell plate. The spheroids that
were trypsin treated for 10 minutes did re-grow; see wells (5-6), but
after another 10 minutes of trypsin treatment the growth ceased; wells
(9-10). Interestingly, filtrate cells from all wells (3-4, 7-8, 11-12) formed
new spheroids and few single cells were seen. The yellowish color of the
medium indicates that it was consumed and small spheroids can be seen
in the lower part of these wells.
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(100 cells)
Fig. 13. Cancer stem-like cells do not form
spheroids under serum free conditions. (A) Cells
from sorted CD133+ (passage 7), were seeded C1 g
in a Hydro Cell plate. Cells in wells A1-B2 were (1000 cells) g

culturedin serum free RPMI1640 whereas in wells

B3-C4 10% fetal bovine serum was supplemented.

One hundred cells were seeded in the wells A1-2

and B3-4; 1000 cells in wells A3-4 and C1-2,; 10

000 cells were seeded in wells B1-2 and C3-4 and

cultured for 27 days. No spheroids were formed ¢3

in A1-B2; only single cells were seen (not shown, (10 000 cells)
the red color of the medium indicates that it has

not been consumed). (B-D) Plenty of spheroids and single cells were found in wells (B3, C1 and
C3) with added serum irrespective of the seeded cell concentration (B,C,D objective x 4).

proliferation rather than to cancer stem-like cells in in vitro cultured
canine mammary tumor cells (Blacking, ef al., 2011). It might be
that CD44 has another role in canine mammary tumorigenesis
than in humans and mice. The expression profile found on the SP
cells CD10"°*/CD34+/CD44+/CD24"" and CD49f* support the idea
that canine mammary tumor cells do contain a cell population of
cancer stem-like cells.

All our results in this study are in agreement with the literature
and in favor of a stem cell signature on the mammary tumor cell
line. However, we have not yet tested the tumorigenecity in mice
of the SP cells, non-SP cells or of the cells sorted for the different
CD markers in relation to the original CMT-U229 avl2 cells.

One of our interesting findings is the presence of single cells in
addition to the spheroids. There seemed to be a balance between
the number of spheroids and the number of single cells. Further,
in cultures with cells enriched for SP cells, the spheroids became
large and after repeated SP analyses the cells were no longer
possible to detach with trypsin. In addition it appears as in these
large spheroids an extracellular matrix is formed (Fig. 6D). Inter-
estingly, hyaluronic acid hydrogel is shown to support long-term
self renewal of human embryonic stem cells in the presence of
conditioned medium from mouse embryonic fibroblasts but also
to direct cell differentiation (Gerecht, et al., 2007). The finding that
Oct4 was only expressed in the peripheral cells of the spheroids
and free single cells in the spinner flasks is very interesting. This
mightindicate that the cells divide asymmetrically, which is another
hallmark for stem cells. Cells more to the centre of the spheroids
may have started their differentiation processes and thereof lack
the stem cell factor Oct4. Compared to Oct4 the stem cell marker
Sox2 had a broader expression pattern in the spheroids together
with Ki-67. Only cells in the centre of the spheroids stained posi-
tive to the antibody directed against Cleaved Caspase-3, which
demonstrates apoptosis. These findings indicate that the spheroids
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form amicro milieu that we needto study further.

Our finding that the cells did not grow with
devoid of serum is in agreement with another
study of canine mammary tumors where no
spheres were formed in the absence of growth
factors (Michishita, et al., 2011). This might in-
dicate the need for paracrine growth stimulation
of the tumor cells to form spheroids in vitro.

In conclusion, if side population cells cor-
respond to stem cells we have enriched tenta-
tive tumor stem-like cells from the CMT-U229
avl2 cell line derived from a canine mammary
gland tumor. All the cellular markers that we
have used indicate that the studied cell line, in
particular when enriched for the SP cells, have
stem cell characteristics.

Materials and Methods

Cell culture

The CMT-U229 cells were subcloned by cutting
out a piece of a formed duct in the collagen type |
culture (Hellmen, 1992) the cell clone was named
avl2 (Fig. 1 A). For each spheroid forming experi-
ment, approximately 3 x 106 cells were detached by
trypsin-EDTA (SVA, Sweden) and filtered through a
pre-separation 30um filter (Macs, Miltenyi Biotec) and
the cells were transferred to a spinner flask (Techne, UK) and allowed to
form spheroids for usually 7 days at 37°C in 5% CO, atmosphere (Kebo,
Biomed, Sweden).

Initially, the cells were cultured in RPMI1640 supplemented with 10%
fetal bovine serum (FBS), (Invitrogen, Carlsbad, CA), L-glutamine and
penicillin plus streptomycin (National Veterinary Institute, Uppsala, Swe-
den). Single sorted cells, and onwards, were cultured in DMEM Glutamax
(GibcoBRL#61965-026) medium with supplements, 15% FBS (GibcoBRL
10270-106), Hepes buffer (1M), (GibcoBRL 15630-056), Sodium pyro-
vate (100 mM), (GibcoBRL 11360-039), Monothioglycerol (98%), (Sigma
M-6145) and ESGRO LIF (107 U/ml), (Medigip ESG1107), herein named
as “enriched DMEM medium”. One percent agarose-coated petri dishes
were used in some experiments to avoid the cells to attach to the bottom.

Tumorigenicity of CMT-U229 avi2 cells in nude mice

Four female Balb/c nu/nu mice (Bomholtgaard, Denmark) were used for
in vivo experiments. Two mice were inoculated with 3,6 x 106 CMT-U229
avl2 cells at passage 131 and two mice were inoculated with 2,4 x 10°
CMT-U229 avlI2 at passage 133. Cells used for inoculation were washed
twice in PBS, suspended in 100ul PBS and inoculated subcutaneously in
the flank of the mice. The mice were euthanasied after three to 6 weeks
when the tumor reached a diameter close to 1 cm. The tumors were fixed
in 4% phosphate buffered formaldehyde and embedded in paraffin. The
sections were stained with hematoxylin and eosin (H&E). At autopsy, tissue
from the brain, all lung lobes, myocardium, liver, spleen, kidney, adrenal
gland, uterus, ovary and submandibular lymph nodes, sternal lymph node,
accessory axillary lymph nodes, popliteal lymph nodes and the subiliac
lymph nodes were fixed and examined for metastases. No metastases
were found in any of the mice. The animal experiments were performed
in accordance with protocols approved by the ethical committee, approval
number C 350/97.

Side population analysis and immunolabeling

Cells for each side population experiment were handled as described
above for spheroid formation. In addition to formed spheroids single to
doublet cells were present (Fig. 1 B). The experimental design of the side
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population analyses (SP) is shown in Fig. 3. The cells were harvested and
filtered through the 30um pre-separation filters. The retenates (>30um) that
comprised the spheroids, respectively the filtrates (<30um) were handled
separately. Briefly, cells from the retenate fraction as well as the filtrate
fraction were washed and treated with trypsin-EDTA respectively to get
single cell suspensions. 3 x 108 cells were incubated with Hoechst (5ug/ml),
with and without the blocking substance Verapamil (50ug/ml) in a +37°C
water bath for 120 minutes. Cells were centrifuged and ice-cold cell culture
medium was added. Propidiumiodide (2ug/ml) was added to detect dead
cells (Goodell, et al., 1996). When the SP analyses were combined with
antibody labeling, cells were centrifuged and primary antibody was added
in 100ul Hank’s buffered salt solution (HBSS) with 2% FBS and incubated
on ice for 15 minutes. For unlabeled primary antibodies the procedure was
repeated with the secondary antibody. Finally 900ul HBSS was added and
the cells were kept on ice until analyzed. The following primary monoclonal
rat anti-mouse antibodies were used: CD10 (ab1165), CD24 (555426),
CD34 (559369), CD44 (553134), CD49f (555734) and sca-1 (553336), and
their corresponding rat IgG isotypes IgG1, IgG2a or IgG2b and secondary
antibodies rat anti-mouse FITC or PE labeled, all from BD Biosciences.
The CD133 antibody was from Abcam (ab5558). The SP analyses were
done in total about 30 times and the antibody labeling experiments by flow
cytometry were performed about 20 times. All immunolabeling analyzed
by flow cytometry were repeated at least once. Canine bone marrow cells
were used as positive control for the CD34 flow cytometric studies.

Flow cytometry

The flow cytometric analyses and cell sorting was performed on a BD
FACSVantage DiVa flow cytometer (BD, San Jose, CA), equipped with a
Coherent Enterprise |l laser (Coherent, Santa Clara, CA) for UV and 488
nm excitation. HO342 blue fluorescence was detected with a 424/24nmfilter
and HO342 red fluorescence using a 675/20 filter. For experiments where
the cells were antibody stained, standard FITC (530/30) or PE (585/42)
filters were used. Sort settings were: 90um nozzle, 20 psi, and 37kHz.

PKH26

A PKH26 Red Fluorescent cell Linker Kit (Sigma) was used according
to the manufacturer on clone 2G9 from the single cell sorted CMT-U229
avl2 cells (Fig. 3). In brief, cells in single cell suspension were centrifuged;
the dye in diluent C was added and incubated in room temperature for 3
minutes. An equal volume of serum was added to stop the staining reaction.
Spheroids were formed in agarose-coated petri dishes andin spinner flasks.
The formed spheroids were analysed at day 12. Spheroids were washed
and the staining was confirmed in a confocal microscope (Zeiss 510 Meta).

Immunocytochemistry and immunohistochemistry

Forimmunocytochemistry andimmunofluorescence, cells were cultured
on cover slips and fixed in 4% paraformaldehyde (PFA). For immuno-
histochemistry, spheroids were fixed in 4% PFA or phosphate buffered
formaldehyde, embedded in agarose and thereafter in paraffin. Paraffin
sections were dried over night and the slides were placed in antigen
unmasking solution (VECTOR, Burlingame, CA) and boiled in a decloak-
ing chamber (Biocare Medical). The primary monoclonal rat anti-mouse
antibodies CD24 (555426) and CD49f (555734) and their corresponding
rat IgG isotypes IgG2a or IgG2b were from BD Biosciences. The CD133
(ab5558) and Oct4 (ab19857) antibodies were from abcam, Sox2 (AB5603)
from Chemicon, and Ki-67 (M7240) from Dako (Glostrup, Denmark). The
Cleaved Caspase-3 (Asp175, 9661) antibody was from Cell Signaling.
For allimmunohistochemical analysis, positive and negative controls were
used; for Sox2 the human glioma cell line U-2987MG; for Oct4, embryoid
bodies from mouse embryonic stem cells; for Ki67 and Asp175 canine
mammary gland, respectively. All slides were incubated overnight (4°C)
with the primary antibody. The ABC-Elite system was used for detection
(Vector laboratories, CA, USA) and Nova RED (Vector laboratories) was
used as chromogen for the paraffin embedded spheroids. Allimmunocyto-
and immunohistochemistry were repeated at least once.

Low cell binding cultures

We sorted both retenate (2.6%) and filtrate (0.6%) cells that were
positively labeled with CD133. The sorted filtrate cells did not survive but
the retenate cells were further cultured in enriched DMEM medium for 26
days (during this time period they were passaged four times), thereafter
the CD133 sorting procedure was repeated but this time the CD133+
cells were sorted directly into a 24 well low cell binding plate (Hydro Cell,
CellSeed Inc. Tokyo, Japan). The sorted cells formed spheroids and were
allowed to grow for 21 days.

Trypsin treatment and re-culturing of spheroids

To study the capacity of spheroid formation CMT-U229 avi2 cells (passage
120) were seeded in enriched DMEM medium and cultured in a spinner
flask. After 14 days the 30um filters were used to separate the spheroids
(retenate fraction) from the single cells (filtrate fraction). The spheroids were
treated with trypsin for 10 minutes at +37°C and the received retenate and
filtrate were seeded in doublet wells. Once again these spheroids were
treated with trypsin 2 x 10 minutes and the formed retenate and filtrate
were seeded in doublet wells and cultured for 20 days in a Hydro Cell plate.

Serum free cell cultures

For spheroid studies in serum free medium, CD133+ sorted spheroid
cells (passage 6) were seeded in Hydro Cell plates. The cells were cultured
in doublets with 100, 1000 and 10000 cells per well, in RPMI1640 medium,
with and without 10% FBS, for 27 days respectively (Fig. 13).
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