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CLINICAL RELEVANCE
Assay-based chemotherapeutic protocols are common in human gynecologic on-
cology, most notably for patients with ovarian or breast cancer. The current study
examines ex vivo incubation conditions necessary for the assessment of sarco-
matous tumor response to potential chemotherapeutic drugs. Slices of sarcoma-
tous tumors were incubated in one of two culture media. Viability indices were
measured and compared across time and between media. Neither medium was
sufficient to support the growth of sarcomatous tumor tissue slices based on the
indices studied. It is likely that sarcomatous tumors require a different approach
for ex vivo assessment than their epithelial counterparts. Our long-term goal is to
incubate tumor slices with chemotherapeutic agents to predict the in vivo tumor
response based on the maintenance or loss of slice viability within this system.

� INTRODUCTION
Soft tissue sarcomas (STSs) account for ap-

proximately 15% and 7% of all skin and sub-
cutaneous tumors in dogs and cats, respective-
ly.1 Canine STSs include tumors arising from
fibrous, vascular, adipose, smooth and striated

muscle, and nerve tissue, whereas feline STSs
often arise from subcutaneous injection sites
(injection-site sarcomas [ISSs]). Canine STSs
and feline ISSs share many histologic and bio-
logic characteristics, including local invasion,
relatively low metastatic rates, heterogenous
microscopic features, and a pseudocapsule of
compressed tumor cells. Due to high recur-
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mor slices could be maintained for 24 hours
and would be maintained better in Hepatocyte
Incubation Medium (HIM; XenoTech, LLC,
Lenexa, KS) than in Waymouth culture medi-
um (WCM; Sigma-Aldrich, St. Louis, MO).
Our long-term goal is to incubate tumor slices
with chemotherapeutic agents to predict the in
vivo tumor response based on the maintenance
or loss of slice viability within this system.
Such incubation could pave the way to pre-
treatment determination of tumor chemosen-
sitivity, thus sparing patients the morbidity,
and clients the expense, associated with inef-
fective chemotherapeutic administration. In a
manner similar to the growing use of pharma-
cogenomics for rational optimization of drug
therapy, a tissue-slice chemosensitivity assay is
expected to identify not only whether patients
will respond to chemotherapy but also which
chemotherapeutic agents they will respond to
most profoundly.

� MATERIALS AND METHODS
The current study was modeled after Fisher

et al’s protocol for liver slices.15,16 Viability in-
dices of potassium and ATP measurement as
well as histopathology were chosen based on
previous studies.15–17 WCM was supplemented
with 10% fetal calf serum (Atlanta Biologicals,
Atlanta, GA), 10 mL/L antibiotic-antimycotic
solution (Mediatech, Herndon, VA), 2.24 g/L
sodium bicarbonate, 50 µg/mL gentamycin
sulfate (VWR International, Sewanee, GA),
and filtered sterilized distilled water. HIM was
supplemented with 50 µg/mL gentamycin sul-
fate and 10 mL/L antibiotic–antimycotic solu-
tion. Nine tumors previously diagnosed as sar-
comas or with a high index of suspicion that
had not previously been exposed to chemo-
therapy were obtained via surgery; immediate-
ly placed in filtered, sterilized, ice-cold V7
preservation medium (the chemicals used in
this medium were obtained from Spectrum

rence rates, adjunctive therapy including radi-
ation and/or chemotherapy is generally recom-
mended for all feline ISSs and for canine STSs
with gross metastatic disease, masses not
amenable to radical excision, and grade III sar-
comas. Approximately 30% of canine STSs
and between 30% and 50% of feline ISSs are
responsive to protocols that use doxorubicin
(liposomal or nonliposomal), cyclophos-
phamide, ifosfamide, mitoxantrone, vin-
cristine, and paclitaxel in various combinations
or as single-agent therapy.2–6

Ideally, only patients with chemoresponsive
neoplasms would undergo adjunctive chemo-
therapy. However, to date, no methods for
preadministration detection or quantification
of chemosensitivity have been reported in the
veterinary literature, although in vitro investi-
gations of efficacy have been performed.7–9

Studies in the human oncologic literature have
evaluated neoplastic tissue to determine opti-
mum chemotherapeutic protocols and report
relative success.10–12 Current methodologies in-
clude genetic biomarker testing, ATP
chemosensitivity testing, and positron emis-
sion tomography scans detecting patients’
metabolic response to chemotherapeutic
agents. In the veterinary field, current in vitro
cell and tissue culture methodologies poorly
mimic the in vivo tumor microenvironment;
consequently, the ability to predict in vivo re-
sponse to chemotherapeutic agents is limited.
The tumor microenvironment contributes to
processes such as population maintenance and
proliferation, apoptotic signal sensitivity, and
intrinsic and acquired chemoresistance.13,14

Therefore, a system that maintains these com-
munications should facilitate in vitro predic-
tion of in vivo response to chemotherapy.

The purpose of this study was to establish a
protocol for the procurement, processing, and
ex vivo maintenance of sarcomatous tissue
slices. We hypothesized that sarcomatous tu-
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Chemicals, Gardenia, GA; recipe from Vitron,
LLC, Tucson, AZ); and refrigerated until slic-
ing. An 8-mm stainless steel handheld coring
tool (Vitron) was used to obtain tissue cylin-
ders of a uniform diameter. A Brendel/Vitron
tissue slicer (Vitron) was used to slice the cylin-
ders in a uniform thickness (based on weight of
20 to 30 µg). Oxygenated, ice-cold V7 preser-
vation medium was run through the system
during slicing, and the slices were returned to
cold V7, where they were visually sorted as ac-
ceptable or nonacceptable. Slices were rejected
for incubation if they appeared to have under-
gone extensive trauma (incompletely cut or
shredded), as these variations may alter meas-
urable viability indices. Time 0 slices were ob-
tained first. Each slice was blotted, weighed,
and placed in a microcentrifuge tube contain-
ing either 1 mL of distilled water for potassium
measurement or 1 mL of 10% trichloroacetic
acid (Sigma-Aldrich, St. Louis, MO) for ATP
measurement or placed on a small square of
manila file folder (to prevent curling) and then
into a scintillation vial with 2 mL of 10%
buffered formalin. Samples from the first four
tumors were homogenized for ATP measure-
ment before placement into microcentrifuge
tubes. Homogenization before freezing was
not possible for subsequent tumors; therefore,
samples from tumor 5 through 9 were frozen
intact. Microcentrifuge tubes were immediate-
ly placed in a −80°C freezer; formalin vials
were left at room temperature until evaluation.

Three slices for each of the remaining time
points (4, 8, and 12 hr for tumors 1 through 4;
4, 8, 12, and 24 hr for tumors 5 through 9)
were blotted, weighed, and placed on cylindri-
cal stainless steel mesh rollers. Grossly similar
slices were grouped together to minimize varia-
tion within each vial. Each roller held three
slices placed in a uniform fashion to correlate
pre- and post-incubation weights. The slice
closest to the vial lid was used for potassium

measurement, the middle slice for ATP meas-
urement, and the third slice for histopathology.

Incubation racks were then placed into scin-
tillation vials containing either 1.7 mL of
WCM (all nine tumors) or 1.7 mL of HIM
(tumors 5 through 9 only). All scintillation
vials were capped with a lid containing a 2-mm
hole for gas exchange. Scintillation vials were
placed in a dynamic organ culture incubator
(Vitron) at 37°C and received a gas mixture of
95% oxygen and 5% carbon dioxide for re-
spective time periods. After incubation, the
slices were again blotted and individually
weighed before being placed into the appropri-
ate solution for potassium or ATP measure-
ment or histopathologic evaluation, as de-
scribed above.

Values were standardized by slice wet
weight.18 Briefly, potassium samples were
thawed, vortexed, and processed with a potas-
sium EasyLyte Plus analyzer (Medica Corp,
Bedford, MA). The results were expressed as
mmol/L and converted to µmol/g using slice
weight and solute volume. ATP samples were
homogenized or vortexed after thawing and
centrifuged for 10 minutes at 3000 rpm. For
each sample, 10 µL of supernatant was diluted
200× by the addition of 2 mL of water. These
samples were then vortexed, run according to
the ATP bioluminescence kit, and read on a
Thermo Appliskan plate reader (Thermo Elec-
tron Corp, Microplate Instrumentation, Van-
taa, Finland), and the results were expressed in
nmol/mg.

Slices in formalin were embedded in paraf-
fin, cut into 5-µm slices, and stained with
hematoxylin and eosin. All slides were scored
by one author (N. G.), and random slides were
blinded and reviewed by a board-certified vet-
erinary pathologist to ensure appropriate scor-
ing. Samples submitted for histopathology
were also scored. The histologic parameters
evaluated were percentage of necrosis, extent of
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pyknosis, presence of nucleoli, and mitotic in-
dex. The entire slice was scanned for all indices
except mitotic index, which was counted per
10 high-power fields. Pyknosis was identified
based on the presence of clumped chromatin,
giving the nucleus a dark, shrunken appear-
ance. Each slice was scored as 0, 1, or 2, indi-
cating mild, moderate, or severe pyknosis, re-
spectively. The presence of nucleoli was
recorded as a binary response. Zero was as-
signed when <20% of cells had visible nucleoli,
and 1 was assigned when >20% of cells had
visible nucleoli. Mitotic figures were counted
and expressed per 10 random high-power
fields (400×).

Averages of triplicate samples were compared
across time between tumors and between media
for tumors. For descriptive statistics, parametric

data (percentage of necrosis and
mitotic index) were reported as
mean and standard deviation,
whereas nonparametric data were
reported as the median and range
(pyknosis) or as a proportion (nu-
cleoli). Indices of viability (meta-
bolic and histopathologic) were
compared between time points
using a repeated measures analysis
of variance and Holm-Sidak pair-
wise multiple comparison proce-
dure and between media (n = 4)
using a t test and a Mann-Whit-
ney rank sum test. Scores of base-
line histopathology samples were
compared with time 0 scores us-
ing a paired t test to assess the ef-
fect of overnight refrigeration of
tissues before slicing. Standard
software was used; values of P
≤.05 were considered significant
(SigmaPlot 11.0, version for
Windows 2008).

� RESULTS
Nine tumors were obtained for evaluation

(Table 1). Seven were feline ISSs, and two were
canine STSs. One feline fibrosarcoma (tumor
5) was contaminated during processing and
was discarded because of the potential impact
of bacterial infection on indices of viability.
Potassiummeasurement: Differences among

times were limited to time 0, which was signif-
icantly higher than all other times (P <.001;
Figure 1). Potassium concentrations did not
differ across time between the two media.
ATP measurement: Tumors 6 through 9

could not be homogenized before or after
freezing, precluding ATP measurement. The
inability to homogenize these tumors was sus-
pected to be due to their high connective tissue
content. ATP concentrations in tumors 1

TABLE 1. Tumors Obtained for Evaluation

Tumor

Species 1 2 3 4 5 6 7 8 9

Dog HSA FSA

Cat MXS FSA MFH FSA FSA FSA FSA
FSA = fibrosarcoma, HSA = hemangiosarcoma, MFH = malignant fibrous
histiocytoma, MXS = myxosarcoma.

Figure 1. Combined potassium (K- ) level of all tumors over time. A sig-
nificant decrease was detected (P <.001) over time but not between me-
dia (P >.4).
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through 4 were significantly
higher at times 2 through 8 hours
compared with baseline and 12
hours (P <.001; Figure 2).
Histopathology: Histologic le-

sions were averaged for each tu-
mor and compared between media
(Table 2). No significant changes
were seen between the two media
in any of the viability indices.
Within-media comparisons re-
vealed some differences across
time. In both media, pyknosis increased (WCM
P <.002; HIM P <.001; Figure 3) and mitotic
index decreased (WCM and HIM P <0.001;
Figure 4) across all times compared with base-
line. Necrosis in WCM slices was significantly
increased at time 24 compared with times 0 and
4 (P <.003; Figure 5). No significant differences
were seen in nucleoli over time in either medi-
um (WCM P = 1.000; HIM P > .4; Figure 6).
No significant differences were seen between the
two media in any of the viability indices during
this time period.

We also evaluated the effect that waiting to
process the tumors may have had on viability
indices. Due to logistic concerns, tumors were
extracted from patients, immediately placed in
ice-cold V7 preservation medium, and refriger-
ated overnight. Histologic viability indices
were determined and compared to the time 0
indices. These results are shown in Table 3 and
indicate a significant decrease in both nucleoli
and mitotic index over this time period.

� DISCUSSION
Tissue slice methodology, originally de-

scribed in 1923 for the liver, has been adapted
to various tissues, including kidney, heart, lung,
prostate, brain, and intestine.19–21 Tissue slices
have proven useful for assessing cytotoxicity,
pharmacologic activity, cellular metabolism,
enzymatic induction, reperfusion injury, and fi-

brogenesis.18,22,23 Tissue slice–based assays have
also been adapted for the investigation of tu-
mor response to chemotherapeutic agents. Ex-
ample outcome measures include caspase in-
duction, incorporation of radioactive hydrogen
into tumor cells, and gene expression of p73
and p53 protein levels.24–27 Reports using hu-
man tumors generally are limited to epithelial
neoplasms, with no single medium most com-
monly cited. These reports offer evidence of the
potential clinical application of the methods re-
ported here. For example, proliferation, apop-
tosis, and overall viability of breast cancer tissue
slices decreased in a dose-dependent manner
during 4-day incubation with taxol.28

STSs were chosen rather than epithelial tu-
mors for this project because of their marked
variability in response to chemotherapy, con-
tributing to their therapeutic challenge. How-
ever, whereas epithelial tumors are relatively
homogenous and less difficult to maintain in
vitro, sarcomatous tumors might be predicted
to present a greater challenge because of their
cellular heterogeneity, as well as extracellular
matrix characteristics (i.e., fibrous nature).29–31

Although hemangiosarcomas (HSAs) are not
STSs, a retroperitoneal HSA (tumor 8) was in-
cluded in our study because preoperative aspi-
ration of the mass indicated it to be a spindle
cell tumor. Although histopathology confirmed
the tumor to be an HSA, its histopathologic

Figure 2. ATP in Waymouth culture medium (WCM) significantly
increased over 8 hours of incubation (P <.001), indicating relative slice
health.
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characteristics were similar to those of an STS,
supporting its inclusion in the study.

WCM was chosen for incubation because of
its availability and broad use in tissue slice sys-
tems.15,16,20,32–34 After the first four tumors were
processed, it was decided to extend the incuba-
tion period to 24 hours (when sample size was
sufficient) and to incubate a second population
of slices in HIM for comparison to those in
WCM. HIM differs from WCM with the ad-
dition of dexamethasone, insulin, and pyruvate,
each of which may aid in glucose metabolism.

These pilot data did not demonstrate either
WCM or HIM to be superior for incubation
of sarcomatous tumors, an unsurprising find-
ing based on the limited number of tumors
studied. However, it seems that additional via-
bility indices, the measurement of ATP at ex-
tended time periods, and, potentially, different
media for sarcomatous tissue should be inves-
tigated. Additionally, potassium may not be a
good indicator of viability and is the least sen-
sitive of the three viability indices we investi-
gated (histopathology, ATP, and potassium).28

E6

TABLE 2. Average of All Time Points for Each Tumor

Pyknosis Nucleolia Mitotic Index Necrosis (%)

Tumor Median Low High Mean % SD Mean SD Mean SD

WCM

1 2 0 2 33 8.5 0.5 0.84 61.7 46

2 1 1 2 42 31.4 0.36 0.5 58.1 28.8

3 2 1 2 100 0 0 0 21 19.5

4 1 1 2 87 30 0.6 0.73 25.4 33.3

6 1 0 2 71 30 2 1.8 40 37.8

7 1 0 2 87 9.3 1.25 0.53 21 30

8 1 0 2 36 43.4 4.45 5.34 38.33 37.26

9 1 1 2 0 0 0.2 0.41 49.7 39

Overall (1–9) 1 0 2 57 16.6b 1.2 1.7b 34 8b

Overall (6–9) 1 0 2 48.5 19.7b 2 1.1b 36 4.1b

HIM

6 2 1 2 83 18 1.125 1.13 33.8 38.4

7 1 0 2 11 9.3 92 0 20.8 24.4

8 1 0 2 5 33.1 2.3 2.7 47 40

9 1.4 0.64 5 5.2 14.8 1 1.7 37.2 33.4

Overall 1.35 0 5 26.1 10.2b 24.1 1.1b 34.7 7b

HIM = Hepatocyte Incubation Medium, WCM = Waymouth culture medium.
aNucleoli is presented as a proportion of slices/tumor that were scored as a 1 or as having more than 20%
of cells containing nucleoli.
bSEM calculated rather than SD for overall population statistics.
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While several of the indices meas-
ured in the current study under-
went significant change during
the incubation period, interpreta-
tion is difficult because the pow-
er of all tests was suboptimal
(<0.8). We suspect this is due to
the great variability within sarco-
matous tumors and the low case
number. We attempted to maxi-
mize the power of the study by
comparing intertumoral variabili-
ty over time; however, the incon-
stancy within each tumor over-
came these efforts. We concluded
that more slices per time period
are needed to minimize the im-
pact of the heterogeneity seen in
sarcomas.

Homogenization before freez-
ing was only able to be performed
in the first 4 tumors. Attempts at
homogenization before freezing
samples were unrewarding for tu-
mors 5 and 6, presumably due to
their high fibrous tissue content.
In general, slice homogenization
of other tissues can be performed
after thawing, just before ATP
analysis.a Pre-freeze homogenization efforts
were therefore aborted for tumors 7 through 9.
However, homogenization after thawing was
unsuccessful for these tissues; therefore, ATP
data are not available for these tumors. ATP
appears to be an indicator of health in tumors
1 through 4 incubated in WCM, supporting
its continued use as an outcome measure in fu-
ture studies.

Environmental conditions of incubation
may influence tissue survival. We chose a tem-
perature and gas mixture commonly reported

in tissue slice studies. It is possible that our tu-
mor slices required a different oxygen tension
for gas and nutrient penetration. Toutain et
al35 demonstrated that a rotating organ culture
system with high oxygen tension (5% carbon
dioxide, 95% oxygen) such as that used in this
study was optimal for long-term (72 hours) in-
cubation of liver slices. Certain tumors have
been documented to adapt to hypoxic environ-
ments via release of hypoxia inducible factor
1α.36 The level of hypoxia may cause cells to
lose their ability to respond to a change in oxy-
gen tension, thus affecting their viability in this
system.37 Toutain et al also demonstrated that

Figure 3. Pyknosis was graded from 0 to 2. 0 = no or only mild pykno-
sis, 1 = mild to moderate pyknosis, 2 = severe pyknosis.
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Figure 4.Mitotic figures were counted per 10 random high-power fields
(hpf).
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aRobyn Fisher, PhD, Vitron, Tucson, AZ, personal
communication, October 2008.



incubation in a medium devoid of substrates
for mitochondrial oxidative phosphorylation
(e.g., WCM) may limit the rate of ATP pro-
duction.35 Our use of WCM may have con-
tributed to the decrease in ATP concentrations
that occurred at 12 hours, despite the apparent
increase in ATP typical of recovering slices that
occurred between 2 and 8 hours38,39 (Figure 2).
Nutrient replenishment (i.e., a change in
medium) may have prevented this decline. Al-
ternatively, the decline in ATP may have re-
flected progressive cell death, as is suggested by
the significant drop without recovery in potas-
sium concentrations. Unfortunately, tumors 6
through 9 incubated in either HIM or WCM

were too rigid to homogenize,
and ATP concentrations could
not be obtained for comparison.

The significant drop in potassi-
um concentration indicates cell
membrane disruption and corre-
lates poorly with the mainte-
nance of ATP concentrations
over 8 hours. This implies that al-
though cell membrane integrity
was compromised, mitochondria
remained intact, suggesting apop-
tosis as opposed to necrosis.
Either type of death could be fa-
cilitated by an inadequate envi-
ronment or have been already
programmed to occur within the
tumor.

Mitotic index is a known indi-
cator of viability; however, it may
only accurately reflect viability of
tumors with a relatively high ini-
tial mitotic index. Additionally,
mitotic index is more difficult to
determine in sarcomatous tissue
(relative to more homogenous
tissues) because of the large extra-
cellular matrix content, suggest-

ing that perhaps apoptotic index would be
more appropriate for these tumors. Other
measurements of viability, such as live/dead as-
says, incorporation of [3H]thymidine, and cas-
pase-3 measurement, have been used with tis-
sue slices and may be helpful in future studies
with sarcomatous slices.20,22,29,40

The original histopathology samples were
scored and compared with time 0 sample
scores to evaluate the effect of refrigerating the
tissues overnight before slicing. Nucleoli and
mitotic index were both significantly decreased
(P = .01 and .03, respectively) at time 0 com-
pared with the original histopathologic sam-
ples, indicating a loss of tissue viability during

Veterinary Therapeutics • Vol. 11, No. 2, Summer 2010
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Figure 5. Necrosis was estimated as a percentage of each slice.
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Figure 6. Nucleoli were graded as 0 (<20% cells had nucleoli) or 1
(>20% of cells had nucleoli).
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storage before processing. The purpose of
keeping harvested tissues intact before process-
ing is to allow them to “rest.” However, the
size of the tissue samples (4 to 8 cm in diame-
ter) may have precluded nutrient diffusion into
cells in the center of the sample. Ideally, sam-
ples should be processed immediately after har-
vest from the patient. Potential disadvantages
to the use of tissue slice methodology in the
clinical setting include the size of incubated
samples (8 mm × ~200 µm), which may not
fully represent a heterogenous tumor; the need
for expert technical skills; and cost.22,29 Hetero-
geneity might be better represented if multiple
cores are collected from different areas of a tu-
mor and slices from each core are averaged. Al-
though the periphery of certain tumors may be
preferred to avoid a necrotic center, the het-
erogeneity of sarcomas allows for necrotic areas
throughout a tumor, placing less emphasis on
avoiding the center while coring. For our
study, several tumors were not large enough to

avoid the center, which may or may not have
contributed to the marked variability in necro-
sis for some tumors (e.g., tumor 9).

Extracting multiple cores to obtain the
number of slices needed to accurately represent
tumor heterogeneity necessitates a relatively
large tumor. For smaller tumors, selected incu-
bation time points may need to be eliminated.
The initial 2 to 4 hours of incubation are a “re-
covery period” for slices, as indicated by a tran-
sient drop in viability indices, and data from
this timeframe, therefore, are not likely to con-
tribute to final results.38,39 Regardless of tumor
size, incubation is ideally performed in repli-
cates in an attempt to overcome the influence
of heterogeneity and other inherent variables.
In the clinical setting, slices must also be allot-
ted for evaluation of multiple chemotherapeu-
tics at various time points. In this pilot study,
tumors 1 and 3 were not large enough to pro-
vide slices beyond those needed for a 4-hour
study. Smaller (e.g., 5 mm) slices might be in-

N. Green, D. Merton Boothe, A. Smith, R. Henderson, and E. Whitley

TABLE 3. Scores for Original Histopathology Samples Versus Time 0 Samples

Mitotic Index
Pyknosis Nucleoli (per 10 hpf) Necrosis (%)

Tumor Original Time 0 Original Time 0 Original Time 0 Original Time 0

1 2 0.66 1 0.3 1 1.3 20 10

2 1 1 1 0.3 2 0.3 25 46.7

3 1 2 1 1 1 0 0 23.3

4 0 0.83 1 1 1 1.3 0 16.7

6 1 0.5 1 1 5 4 20 13.3

7 1 0.33 1 0.8 6 2.3 10 6.7

8 0 0 1 0 16 11.3 10 0

9 1 1 1 0 4 0.67 0 40

P = 0.76 0.01 0.03 0.22

Mean 0.88 0.79 1.00 0.55 4.50 2.65 10.63 19.59

SD 0.64 0.60 0.00 0.45 5.04 3.72 10.16 16.28



dicated for smaller tumors (≤2 × 3 cm) so that
heterogeneity can be adequately assessed.
Among the limitations of this study is tumor
consistency. In our study, approximately 50%
of tumors collected had to be rejected because
their consistency was either too soft or hard for
slicing. Ideally, tumors suitable for this tech-
nique would have a moderately firm, homoge-
nous consistency, similar to that of liver tissue.

Another consideration to the clinical use of
this methodology is cost. Currently, the cost of
evaluating these tumors is approximately $150
to $175 per tumor. The price depends greatly
on the medium; V7 is made in 1-L batches,
must be used within 7 days of compounding,
and is relatively expensive. On the other hand,
when considering the average cost of
chemotherapy for one patient, the cost of de-
termining tumor sensitivity is easily justified.

� CONCLUSION
Based on our results, ATP concentrations

seem appropriate for detecting viability in sar-
comatous tissue. The utility of the histopatho-
logic indices evaluated in this pilot study re-
mains obscure. Additionally, while previous
studies have been performed in triplicate to ac-
count for inherent tissue variability, this does
not seem adequate for the heterogeneity seen
within sarcomas. Further studies are indicated
to identify and validate histopathologic viabil-
ity indices and the number of replicates need-
ed to accurately represent sarcomatous tissue.

� ACKNOWLEDGMENTS
The authors thank Tiffany Finch and Jameson Sofge for
their technical expertise.

� REFERENCES
1. Theilen GH, Madewell BR. Tumors of the skin and

subcutaneous tissues. In: Theilen GH, Madewell BR,
eds. Veterinary Cancer Medicine. Philadelphia: Lea &
Febiger; 1979.

2. Ogilvie GK, Reynolds HA, Richardson RC, et al.

Phase II evaluation of doxorubicin for treatment of
various canine neoplasms. JAVMA 1989;195:1580-
1583.

3. Ogilve GK, Obradovish JE, Elmslie RE, et al. Effica-
cy of mitoxantrone against various neoplasms in dogs.
JAVMA 1991;198:1618-1621.

4. Barber LG, Sorenmo KU, Cronin KL, et al. Com-
bined doxorubicin and cyclophosphamide chemo-
therapy for nonresectable feline fibrosarcoma. JAAHA
2000;36:416-421.

5. Rassnick KM, Rodriguez CO, Khanna C, et al. Re-
sults of a phase II clinical trial on the use of ifosfamide
for treatment of cats with vaccine-associated sarcomas.
Am J Vet Res 2006;67:517-523.

6. Poirer VJ, Thamm DH, Kurzman ID, et al. Lipo-
some-encapsulated doxorubicin (Doxil) and doxoru-
bicin in the treatment of vaccine-associated sarcoma
in cats. J Vet Intern Med 2002;16:726-731.

7. Banerji N, Li X, Klausner JS, et al. Evaluation of in
vitro chemosensitivity of vaccine-associated feline sar-
coma cell lines to vincristine and paclitaxel. Am J Vet
Res 2002;63:728-732.

8. Williams LE, Banerji N, Klausner JS, et al. Establish-
ment of two vaccine-associated feline sarcoma cell
lines and determination of in vitro chemosensitivity to
doxorubicin and mitoxantrone. Am J Vet Res 2001;
62:1343-1357.

9. Henry CJ, McCaw DL, Buss MS, et al. Clinical as-
sessment of a chemosensitivity assay as a treatment
planning tool for dogs with cancer. JAAHA 2001;
37:165-171.

10. Kurbacher CM, Grecu OM, Stier U, et al. ATP
chemosensitivity testing in ovarian and breast cancer:
early clinical trials. Recent Results Cancer Res 2003;
161:221-230.

11. Konecny G, Crohns C, Pegram M, et al. Correlation
of drug response with ATP tumor chemosensitivity
assay in primary FIGO stage III ovarian cancer. Gy-
necol Oncol 2000;77(2):258-263.

12. Kurbacher CM, Cree IA. Chemosensitivity testing us-
ing microplate adenosine triphosphate-based lumines-
cence measurements. Methods Mol Med 2005;110:
101-120.

13. Morin PJ. Drug resistance and the microenviron-
ment: nature and nurture. Drug Resist Updat 2003;6:
169-172.

14. St. Croix B, Kerbel RS. Cell adhesion and drug resist-
ance in cancer. Curr Opin Oncol 1997;9:549-556.

15. Fisher RL, Ulreich JB, Nakazato PZ, Brendel K. His-
tological and biochemical evaluation of precision-cut
liver slices. Toxicol Methods 2001;11:59-79.

Veterinary Therapeutics • Vol. 11, No. 2, Summer 2010

E10



E11

16. Fisher RL, Hasal SJ, Sanuik JT, et al. Determination
of optimal incubation media and suitable slice diame-
ters in precision-cut liver slices: optimization of tissue
slice culture, part 2. Toxicol Methods 1995;5:115-130.

17. Fisher RL, Hasal SJ, Sanuik JT, et al. Cold- and cry-
opreservation of dog liver and kidney slices. Cryobiol-
ogy 1996;33:163-171.

18. Smith PF, Fisher R, Shuba PJ, et al. In vitro cytotox-
icity of allyl alcohol and bromobenzene in a novel or-
gan culture system. Toxicol Appl Pharmacol 1987;87:
509-522.

19. Warburg O. Versuche an uberlebendem Karzi-
nomgewebe. Biochem Z 1923;142:317-333.

20. Smith PF, Gandolfi AJ, Krumdieck CL, et al. Dy-
namic organ culture of precision liver slices for in vit-
ro toxicology. Life Sci 1985;36,1367-1375.

21. Krumdieck CL, Ernesto dos Santos J, Ho KJ. New in-
strumentation for the rapid preparation of tissue
slices. Anal Biochem 1980;104:118-123.

22. Vanhulle VP, Neyrinck AM, Pycke JM, et al. Role of
apoptotic signaling pathway in metabolic disturbances
occurring in liver tissue after cryopreservation: study
on rat precision-cut liver slices. Life Sci 2006;78:
1570-1577.

23. Van de Bovenkamp M, Grootuis GMM, Meijer
DKF, et al. Liver slices as a model to study fibrogene-
sis and test the effects of anti-fibrotic drugs on fibro-
genic cells in human liver. Toxicol In Vitro 2008;22:
771-778.

24. Elprana D, Schwachofer J, Kuijpers W, et al. Cyto-
toxic drug sensitivity of squamous cell carcinoma as
predicted by an in vitro testing model. Anticancer Res
1989;9:1089-1094.

25. Lang DS, Droemann D, Schultz H, et al. A novel hu-
man ex vivo model for the analysis of molecular events
during lung cancer chemotherapy. Respir Res 2007;
8:43.

26. Pirnia F, Frese S, Gloor B, et al. Ex vivo assessment of
chemotherapy-induced apoptosis and associated mo-
lecular changes in patient tumor samples. Anticancer
Res 2006;26:1765-1772.

27. Vickers AEM, Rose K, Fisher R, et al. Kidney slices of
human and rat to characterize cisplatin-induced in-
jury on cellular pathways and morphology. Toxicol
Pathol 2004;32:577-590.

28. Van der Kuip H, Murdter TE, Sonneberg M, et al.
Short-term culture of breast cancer tissues to study the
activity of the anticancer drug taxol in an intact tumor
environment. BMC Cancer 2006;6:86.

29. Fleck C, Hilger R, Jurkutat S, et al. Ex vivo stimula-

tion of renal transport of the cytostatic drugs
methotrexate, cisplatin, topotecan (Hycamtin) and
raltitrexed (Tomudex) by dexamethasone, T3 and
EGF in intact human and rat kidney tissue and in hu-
man renal cell carcinoma. Urol Res 2002;30:256-262.

30. Estes JM, Oliver PG, Straughn JM Jr, et al. Efficacy
of anti-death receptor 5 (DR5) antibody and (TRA-8)
against primary human ovarian carcinoma using a
novel ex vivo tissue slice model. Gynecol Oncol
2007;105:291-298.

31. Kuhlmann KFD, van Geer MA, Bakker CT, et al.
Fiber-chimeric adenoviruses expressing fibers from
serotype 16 and 50 improve gene transfer to human
pancreatic adenocarcinoma. Cancer Gene Ther
2009;16(7):585-597.

32. Fisher RL, Gandolfi AJ, Brendel K. Human liver
quality is a dominant factor in the outcome of in vit-
ro studies. Cell Biol Toxicol 2001;17:179-189.

33. Fisher RL, Hasal SJ, Sanuik JT, et al. Cold- and cry-
opreservation of human liver and kidney slices. Cry-
obiology 1993;30:250-261.

34. Fisher RL, Hasal SJ, Sipes IG, et al. Comparative me-
tabolism and toxicity of dichlorobenzenes in Sprague-
Dawley, Fischer-344 and human liver slices. Hum Exp
Toxicol 1995;14:414-421.

35. Toutain HJ, Moronvalle-Halley V, Sarsat JP, et al.
Morphological and functional integrity of precision-
cut rat liver slices in rotating organ culture and multi-
wall plate culture: effects of oxygen tension. Cell Biol
Toxicol 1998;14:175-190.

36. Cohen NA, Lai SY, Ziober AF, Ziober BL. Dysregu-
lation of hypoxia inducible factor-1alpha in head and
neck squamous cell carcinoma cell lines correlates
with invasive potential. Laryngoscope 2004;114(3):
418-423.

37. Bussnik J, Kaanders JH, van der Kogel AJ. Tumor hy-
poxia at the micro-regional level: clinical relevance
and predictive value of exogenous and endogenous
hypoxic cell markers. Radiother Oncol 2003;67(1):3-
15.

38. Vickers AEM, Fisher RL. Organ slices for the evalua-
tion of human drug toxicity. Chem Biol Interact
2004;150:87-96.

39. Van de Bovenkamp M, Grootuis GMM, Meijer
DKF, et al. Liver fibrosis in vitro: cell culture models
and precision-cut liver slices. Toxicol In Vitro
2007;21:545-557.

40. Lipponen P. Apoptosis in breast cancer: relationship
with other pathologic parameters. Endocr Relat Cancer
1999;6:13-16.

N. Green, D. Merton Boothe, A. Smith, R. Henderson, and E. Whitley

©Copyright 2010 MediMedia Animal Health. This document is for internal purposes only.
Reprinting or posting on an external website without written permission from MMAH is a violation of copyright laws.


