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The pupose of this study was to evaluate the activity of
ON 01910.Na, a mitotic inhibitor, in in vitro and in vivo
models of pancreatic cancer and to discover biomarkers
predictive of efficacy. Successive in vitro and in vivo
models were used; these included cell line-derived and
patient-derived tumors from our PancXenoBank, a live
collection of freshly generated pancreatic cancer xeno-
grafts. ON 01910.Na showed equivalent activity to
gemcitabine against pancreatic cancer cell lines in vitro.
The activity of the agent correlated with suppression of
phospho-CDC25C and cyclin B1. These markers were
optimized for a fine-needle aspirate ex vivo rapid assay.
Cyclin B1 mRNA evaluation yielded the most optimal
combination of accuracy and reproducibility. Next, nine
patient-derived tumors from the PancXenoBank were
profiled using the assay developed in cell lines and treated
with ON01910.Na for 28 days. Two cases were cataloged
as potential responders and seven as resistants. There was
a correlation between the ex vivo assay and sensitivity to
the tested agent, as the two cases prospectively identified
as sensitive met prespecified criteria for response. Of the
seven tumors of predictive resistant, only one was found to
be sensitive to ON 01910.Na. In addition, there was a
good correlation between cyclin B1 downregulation ex
vivo and changes in cyclin B1 protein post-treatment. The
novel mitotic inhibitor, ON 01910.Na, showed activity in
preclinical model of pancreatic cancer. A rapid assay was
rationally developed that not only identified cases sensitive
to ON 01910.Na, but also anticipated the pharmacody-
namic events occurring after in vivo exposure.
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doi:10.1038/onc.2008.424
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Introduction

Pancreatic cancer remains a devastating disease, as
shown by the equivalence of incidence and mortality
rates (Jemal et al., 2007). One key mediator of the
intrincate and overlapping control points into the
mitotic phase is the polo-like kinase 1 (Plk1)-centered
regulatory loop (Nigg, 1998; Smits et al., 2000) that
modulates the transition through the G2/M checkpoint
in the cell cycle by influencing the activation of the
phosphatase CDC25C and cyclin B1 (Jackman et al.,
2003). ON 01910.Na is a small molecule drug that
disrupts G2/M cell cycle transition at least in part by
modulating Plk1 activity and induces mitotic arrest of
tumor cells leading to their apoptosis (Gumireddy et al.,
2005). This compound is the subject of several active
clinical trials, and a phase I study has been completed
(Jimeno et al., 2008).
Often, there is no information on biomarkers that

may predict the activity of drugs entering clinical
development. Our group has developed a novel direct
xenograft model (Rubio-Viqueira et al., 2006) to screen
drugs for activity in pancreatic cancer and to discover
predictive biomarkers. In this study, we aimed at
characterizing the in vitro and in vivo efficacy of ON
01910.Na in pancreatic cancer, and discovering markers
that may predict efficacy in this tumor type. In a work
reported earlier (Hidalgo et al., 2006), we have
optimized the use of fine-needle aspirate biopsies as a
platform to conduct ex vivo predictive assays. Currently,
there are limited basis to prioritize which agents should
be administered to a given patient. Chemosensitivity and
resistance assays have addressed this issue, but have
largely failed as they are based on clonogenicity and/or
proliferation indexes, and both require large amounts of
tissue and maintaining cell viability for extended periods
of time (Samson et al., 2004; Schrag et al., 2004). On the
other hand, it is possible to elicit pharmacodynamic
responses by briefly exposing small amounts of tumor
cells to a drug, an approach termed as ex vivo testing
(Jimeno et al., 2006). We have hypothesized that these
dynamic responses may render more information in
such a complex disease as pancreatic cancer (Jones et al.,
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2008), and are more likely to predict the patient’s
outcome than static features.

Results

In vitro growth inhibition analysis
We first tested ON 01910. Na and gemcitabine in a panel
of 12 pancreatic cancer cell lines in an attempt to
identify sensitive and resistant cell lines. ON 01910.Na
showed a high level of activity and equivalent efficacy
with gemcitabine in this broad panel of pancreatic
cancer cell lines (Figure 1a). Some cell lines were
sensitive to both agents (HS766T and Panc1), others
were resistant to both (MiaPaca2) and others had a
mixed sensitivity profile (XPA3).

Initial in vivo growth inhibition analysis and
pharmacokinetic analysis
Next, we confirmed the in vitro sensitivity data by xeno-
grafting on mice HS766T and MiaPaCa2, after which a
course consisting of ON 01910.Na 250mg/kg/day for 24
days was administered. In HS766T, the drug was active
as shown by decreased local invasion, growth reduction,
and also by increasing the survival of mice, whereas in
MiaPaCa2 xenografts, there was no indication of
antitumor effect (Figure 1b). We performed a compara-
tive plasma, normal tissue (liver) and tumor tissue
pharmacokinetic analysis to determine the peak con-
centrations that were achieved in vivo at steady state.
The concentrations achieved after repeated dosing were
(average±s.d.) 35.3±6.1 mM, 9.0±2.4 mg/g (equivalent
to 11.2±3.0 mM) and 107.2±29.2 mg/g (equivalent
to 134.1±36.4 mM) in plasma, tumor and liver,
respectively.

Pharmacodynamic factors of activity: initial screen
We then aimed at assessing factors that may indicate the
degree of Plk1 and G2/M checkpoint inhibition, first
in vitro and then in vivo/ex vivo. We correlated growth
inhibition after exposure to ON 01910.Na with Plk1
levels (both by western blot and reverse transcriptase
PCR (RT–PCR) analysis), CDC25C activity (measuring
total and phospho-CDC25C), cyclin B1 levels (both by
western blot and by RT–PCR analysis), phospho-H3,
MPM-2, c-fos and c-myc. For this purpose, we used four
cell lines with differential ON 01910.Na sensitivity (two
sensitive, Panc1 and HS766T; two resistant, MiaPaca 2
and L3.6PL; Figure 2). In both sensitive cell lines,
phospho-CDC25C decreased after treatment, whereas in
the resistant, it increased. By protein assessment, cyclin
B1 did not change significantly in the sensitive strains,
whereas it increased in a dose-dependent manner upon
exposure to ON 01910.Na in the resistant strains; using
RT–PCR, cyclin B1 decreased to 50% or less in HS766T
and Panc1 and increased in the resistant cell lines. The
rest of the markers did not show an informative pattern
(data not shown) and were not evaluated further.

Coupling phospho-CDC25C and cyclin B1 to an ex vivo
assay
We next attempted to test these end points in fine-needle
aspiration (FNA)-acquired baseline tumor tissue of
HS766T and MiaPaCa2 xenografted tumors in an ex
vivo assay (Figure 3a). In this process, a small amount of
viable tumor cells are subjected to short-term in vitro
conditions to elicit a pharmacodynamic response. We
chose a concentration of 10 mM for the ex vivo assay
based on the plasma and intratumor exposure, as
discussed before. Tumor tissue obtained at the end of
the treatment period was also interrogated for in vivo
confirmation. We observed that there was a correlation
of in vivo phospho-CDC25C with prior in vitro experi-
ments (Figure 3b), where the activation level decreased
in HS766T and increased in MiaPaCa2. However,
repeated ex vivo blots showed a poor dynamic range
and reproducibility. When cyclin B1 was analysed, the
results faithfully followed prior in vitro data. As depicted
in Figure 3c, the levels of cyclin B1 mRNA decreased in
HS766T and increased in MiaPaca2, both in ex vivo and
in vivo testing. The results of the protein analyses were
less evident for HS766T, where no change or a minor
decrease in cyclin B1 protein ex vivo were documented.
We measured cyclin B1 levels by immunohistochemistry
(IHC) in paraffin-embedded tumors at the end of the in
vivo experiments (Figure 3d). In HS766T, there was a
mild downregulation of cyclin B1, whereas in all ON
01910.Na-treated MiaPaCa2 tumors, there was an
upregulation in cyclin B1. Thus, cyclin B1 was selected
for further testing.

Cyclin B1 specificity as a marker in the mitotic pathway
To assess the specificity of cyclin B1, a set of the same
four cell lines were treated in parallel with gemcitabine.
Neither in the gemcitabine-sensitive cell lines (Panc1 and
HS766T; IC50 20 and 45 nM, respectively) nor in those
resistant (MiaPaCa2 and L36PL; both IC50>10 mM)
there was any modification in cyclin B1 levels after
exposure to the gemcitabine (Figure 4a).
Knockdown of both cyclin B1 and Plk1 mRNA

induced decreases in protein content. Interestingly, there
was a release effect with both markers, and the
downregulation of one induced an increment of the
other, especially at the protein level (Figure 4b). Knock-
down of cyclin B1 by specific small interfering RNA
(siRNA) before exposure to either of the drugs had no
meaningful effect in the growth of the sensitive HS766T
or the resistant MiaPaca2, or in their response to ON
01910.Na or gemcitabine cotreatment (Figures 4b and c),
suggesting that cyclin B1 is indeed a marker of activity
and not a mediator of it. Plk1 siRNA had a growth
inhibitory effect on HS766T, and Plk1 siRNA plus ON
01910.Na had a superior effect than either modality
alone.

Prospective assessment in the pancreatic cancer direct
xenograft bank
Next, we aimed at testing the ex vivo assay in a
prospective manner. Nine unselected cases from the
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PancXenoBank were assessed by the ex vivo assay,
mimicking the scenario, when a patient undergoes an
FNA before therapy. All procedures rendered enough
material to conduct RT–PCR analyses, but only in five
cases, there was sufficient protein to run a western blot
assay. In a second repeat, again in only four cases, the
western blot analyses were reproducible. Thus, cyclin B1
mRNA expression analysis was chosen as the assay’s
end point.
Table 1 summarizes the results of the predictive

assay and the efficacy observed. Of the cases tested,
two showed lower than 25% cyclin B1 mRNA levels
compared with the control, four had either a minor
decrement or no change and three presented an
increment (Figure 5a). Groups of 20 tumors per
each case were then randomized and treated with vehicle
or ON 01910.Na during 28 days. The two cases
predicted to be sensitive met criteria for efficacy,
whereas of the seven cases predictive to be resistant,
only one met the criteria of susceptibility. Of the second
group, only one was sensitive. Of the cases, where cyclin
B1 increased ex vivo, none showed evidence of
antitumor effect.

Correlation between cyclin B1 ex vivo with IHC
and activity
Eight tumors per case (four controls and four treated)
were blindly assessed by IHC. Baseline cyclin B1 levels
did not correlate with activity, as the four cases with the
lowest level corresponded with the two more sensitive
and two more resistant cases. However, the dynamics of
cyclin B1 did correlate with activity, as the only two
cases where a meaningful (>50%) decrease was
observed after 28 days of treatment were those from
the two cases predicted sensitive (291 and 420;
Figure 5b); in the third case that was sensitive (253),
cyclin B1 was 70% of baseline. Globally, there was a
significant correlation between tumor growth inhibition
and changes in cyclin B1; cases with higher tumor
inhibition after 28 days of ON 01910.Na showed higher
decrease in nuclear cyclin B1.

Discussion

In this study, we evaluated a novel mitotic inhibitor
against in vitro and in vivo models of pancreatic cancer.
This agent had relevant antitumor activity compared to
other agents tested in this model, including gemcitabine
and erlotinib. We tested a panel of related candidate
markers and selected one (cyclin B1) that could be
incorporated to ex vivo testing to predict the treatment
efficacy before a patient is exposed to the drug. The
correlation between cyclin B1 in all three in vitro, ex vivo
and in vivo analyses was remarkable, and the assay
permitted the correct identification of two sensitive
cases. The assay was imperfect, although one case that
was ultimately sensitive was coded as resistant.
ON 01910.Na is a small molecule that inhibits mitotic

progression by causing disruption of the centrosomal
and spindle architecture in cancer cells and has shown
preclinical antitumor activity (Gumireddy et al., 2005).
Given the complexities of cancer, a given agent is usually
only active in a fraction of the patients with a given
disease; therefore, identifying the factors determining
this benefit will not only prevent unnecessary treatments
but, if discovered in early stages of drug development,
also prove instrumental in its ultimate success (Slamon
et al., 2001). In this case, we explored the potential value
of a panel of related markers, of which cyclin B1 proved
to be informative and feasible in small samples, similar
to those obtained in a clinical scenario. ON 01910.Na is
completing the first phase of clinical development
(Jimeno et al., 2008).
Cyclin B1 has a key role in the regulation of cell cycle

progression, but its relevance in cancer is not completely
understood. Decrease in cyclin B1 has been linked to
G2/M arrest (Dvory-Sobol et al., 2006), and stable gene
silencing of cyclin B1 in HeLa cells increased suscept-
ibility to paclitaxel and lead to growth arrest in vivo
(Yuan et al., 2006). From a different perspective,
elevated levels of cyclin B1 have been associated with
resistance to radiation and increased risk of locoregional
recurrence and metastasis in head-and-neck squamous
(Hassan et al., 2002) and colorectal cancers (Korenaga

ON 01910.Na (µM)

MTT growth

0           0.1          1 0          0.1           1 0           0.1          10          0.1           1

Panc 1 HS766T MiaPaca 2 L3.6PL

Cyclin B1

pCDC25C

Cyclin B1 100% 50% 100% 40% 100% 123% 100% 303%

WB

PCR

Actin

CDC25C

Figure 2 Pharmacodynamic marker evaluation in two sensitive (Panc 1 and HS766T) and two resistant (MiaPaca2 and L36PL) cell
lines after ON-01910 treatment. In both sensitive strains, pCDC25C decreases after treatment, whereas in the resistant strains,
it increases. Also, cyclin B1, both by western blot and RT–PCR, increases in a dose-dependent manner upon exposure to ON 01910.Na
in the resistant strains.
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et al., 2002). In our model, given that (1) the decrement
in cyclin B1 did not induce cell kill, (2) the change in
cyclin B1 was selectively elicited by ON 01910.Na, but
not by gemcitabine and (3) its downregulation did not

increase the sensitivity to mitotic inhibition, we conclude
that in these pancreatic models, cyclin B1 is a marker of
ON-01910.Na-induced G2/M arrest, and not a per se
sustainer of neither tumor growth nor drug resistance.
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Figure 3 (a) The ex vivo approach. A small sample of tissue is acquired either from a patient’s tumor or from a tumor xenografted on
mice, and is plated and exposed to the drug for a short period of time. The cells are then collected and analysed by the assay that is
specifically coupled to that drug, and can be mRNA expression by reverse transcriptase PCR (RT–PCR), and/or protein assessment by
western blot or immunohistochemistry (IHC). (b) Western blot analysis of pCDC25C in vitro, ex vivo and in vivo. Upon treatment with
ON 01910.Na in the sensitive HS766t, there is a decrease, whereas in the resistant MiaPaCa2, there is a clear increase in the activation
status of CDC25C, both in vitro and in vivo. However, the ex vivo analysis rendered largely inconclusive results, partly because of the
high detection threshold for the tested end point. (c) Western blot and RT–PCR analysis of cyclin B1 in vitro, ex vivo and in vivo. Upon
treatment with ON 01910.Na in the sensitive HS766T, there is a mild decrease, whereas in the resistant MiaPaCa2, there is a clear
increase in cyclin B1 levels, both at the protein and mRNA levels. The ex vivo assay faithfully correlated with the pharmacodynamic
events that occurred in the xenografted tumors (in vivo). (d) Four tumors per treatment group were examined by IHC for cyclin B1
expression, confirming the western blot analyses. In HS766T, there was a mild downregulation of cyclin B1, whereas in all ON
01910.Na-treated MiaPaCa2 tumors, there was an upregulation in cyclin B1.
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However, it has been reported that cyclin B1 increases
may override the G2/M checkpoint (Park et al., 2000),
so it could be hypothesized that certain cells could
become resistant to ON 01910.Na because they can
bypass its principal effect. In addition, the data suggest
that cyclin B1 is a dynamic, rather than a static marker,
as baseline levels were not informative. Indeed, propor-
tional change, rather than absolute baseline levels, is
correlated with activity, as has been suggested with
other pharmacodynamic markers (Jimeno et al., 2005).
The two tumors where a greater downregulation of

ex vivo cyclin B1 was documented had a similar decrease
in cyclin B1 protein in the post-treatment tumors. Thus,
the ex vivo assay not only identified cases sensitive to
ON 01910.Na, but also replicated the pharmacodynamic
events occurring after in vivo exposure.
Cyclin B1 and Plk1 were found to be closely

interrelated, but with differences between the sensitive
and the resistant strains. Whereas siRNA-mediated
downregulation of Plk1 induced the upregulation of
cyclin B1 mRNA in both cell lines, this was only
followed by the increased protein translation in
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Figure 5 Evaluation of the ex vivo assay in the pancreatic cancer xenograft bank. (a) Western blot and reverse transcriptase PCR
(RT–PCR) analysis of cyclin B1 ex vivo in four of the nine selected cases that were prospectively assessed. The ex vivo assay faithfully
correlated with the efficacy of the drug after it was administered to the xenografted tumors. Below, growth curves of two selected
examples. (b) Plot of the nuclear cyclin B1-staining index (calculated as intensity of staining (0–3) multiplied by the percentage cells
staining positive). (c) Correlation between the relative tumor growth (in T/C) and the cyclin B1 protein expression by
immunohistochemistry (IHC; in % normalized to control). There was a significant direct correlation between tumor growth
inhibition and changes in cyclin B1; cases with higher tumor inhibition after 28 days of ON 01910.Na showed decreases in nuclear
cyclin B1. Error bars represent s.e.; asterisk indicates Po0.05 (Student’s t-test) compared with control.

Table 1 Summary of the results of the predictive assay and the efficacy observed

Case Ex vivo cyclin B1
protein by WB

Ex vivo cyclin B1
mRNA (% ±s.d.)

Growth compared
with control T/C (%)

In vivo cyclin B1 protein
by IHC (% ±s.d)

Predicted
efficacy

Observed
efficacy

291 Decrease 10±9 44 38±25 Sensitive Sensitive
420 Decrease 20±8 30 40±30 Sensitive Sensitive
140 NA 50±10 57 86±23 Resistant Resistant
354 NA 65±13 103 100±29 Resistant Resistant
421 No change 70±1 82 73±50 Resistant Resistant
253 NA 100±17 41 71±29 Resistant Sensitive
294 Increase 129±11 86 206±110 Resistant Resistant
247 Increase 152±6 83 80±5 Resistant Resistant
215 NA 373±23 105 88±25 Resistant Resistant

Abbreviations: IHC, immunohistochemistry; NA, not available; WB; western blot.
All assays were repeated twice. The protein-based assay failed to yield sufficient material for analysis four of nine and five of nine times,
respectively; the mRNA-based assay rendered adequate material nine of nine times in both repeats. Of the cases tested, two showed lower than 25%
cyclin B1 mRNA levels compared with the control (average ± s.d., 10±9% and 20±8%, respectively), four had either a minor decrement or no
change (50±10%, 65±13%, 70±1%, and 100±17%, respectively), and three presented an increment (129±11%, 152±6% and 373±23%,
respectively).
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HS766T, but not in MiaPaca2. After assessing the
effects of siRNA cyclin B1 and Plk1 in conjunction with
treatment with gemcitabine and ON 01910.Na, it can be
concluded that cyclin B1 had no role in determining
sensitivity status, nor did have an effect on its own.
However, Plk1 downregulation had an effect in
HS766T, but not in MiaPaca2, confirming that in the
former cell line, cell growth is Plk1-dependent. There
was also some degree of additive effect when Plk1
siRNA and ON 01910.Na were given together. This
suggests that si-Plk1- and ON 01910.Na-mediated
effects may impinge on both parallel and connected
pathways in mitotic progression. The Plk1 pathway has
been implicated in asymmetric cell division (Budira-
hardja and Gonczy, 2008) used by neuroblasts and
progenitor cells (Gonczy, 2008) that are linked to
chemotherapy resistance.
From a pharmacological standpoint, it is relevant to

note that concentrations that achieved 90% in vitro
inhibition only induced 50% growth inhibition in vivo,
which could be a consequence of overprediction from
the in vitro tests of pharmacokinetic (PK) issues such as
drug protein binding. Interestingly, the in vivo intratu-
mor drug concentrations are in range with clinical PK
data (Jimeno et al., 2008).
This study highlights the potential value of an FNA-

based ex vivo assay for the prediction of efficacy to
targeted therapies (Hidalgo et al., 2006). If validated
clinically, this approach may have implications in drug
development, as it permits identifying which patients
may obtain a benefit before receiving the drug. A key to
successfully develop a clinical assay is choosing an end
point that can be tested in a reasonably large proportion
of the potential patients. Although different markers
have been linked to Plk1 inhibition (phospho-CDC25C
(Gumireddy et al., 2005), phospho-H3 (Schmidt et al.,
2006) or mitotic protein monoclonal 2 (MPM-2)
(Schmidt et al., 2006)), these are dependent on western
blotting, require relatively large amounts of material
and are not fully quantitative. mRNA expression
analysis by RT–PCR, which is reproducible and fully
quantitative, requires less material, and thus has a
higher potential for miniaturization. It is important to
stress that only profound variations in cyclin B1 levels
indicated potential sensitivity to ON 01910.Na. The
suggested fourfold reduction in cyclin B1 threshold
selected only one of five prospective cases, but enrich-
ment strategies require specific rather than sensitive tests
(Slamon et al., 2001).
To test this drug and its putative biomarkers, we used

a patient-direct pancreas cancer xenograft model as a
platform (Rubio-Viqueira et al., 2006). Before entering
clinical development, agents are usually tested against
high-passage commercially obtained cell lines and
xenografts established from these lines. It is unclear
how representative those models are of the biology of
pancreas cancer. It has shown to be feasible, with a high
engraftment rate, but more importantly, for new drug
development, it was stable over time and passages, both
genetically and from the perspective of drug sensitivity
(Jimeno et al., 2008). As opposed to cell line-derived

in vivo models, in these xenografts (as in the clinic),
regressions occur infrequently. Therefore, growth re-
tardation is the primary end point to determine the
efficacy of tested agents.
We conclude that ON 01910.Na is a promising

anticancer agent, shown by its equipotency with
gemcitabine against pancreas cancer cell lines. The
in vitro and in vivo activities correlated well, and ON
01910.Na had meaningful single-agent activity. The data
also indicate that a cyclin B1-based ex vivo assay is able
to identify tumors more likely to benefit from ON
01910.Na. Thus, ON 01910.Na will be tested in patients
with pancreatic tumors using the developed cyclin B1
ex vivo assay as a potential marker of activity.

Materials and methods

Drugs
ON 01910.Na (Onconova Therapeutics Inc., Lawrenceville,
NJ, USA) was dissolved in phosphate-buffered solution.
Gemcitabine (Elli Lilly, Indianapolis, IN, USA) was dissolved
in phosphate-buffered solution .

In vivo growth inhibition studies
Six-week-old female athymic nude mice (Harlan, IN, USA)
were used. The research protocol was approved by the Johns
Hopkins University Animal Care and Use Committee, and
animals were maintained in accordance with the guidelines of
the American Association of Laboratory Animal Care. The
xenografts were generated and treated with control (vehicle)
and ON 01910.Na (250mg/kg 5 week intraperitonealy for 28
days) as described (Rubio-Viqueira et al., 2006).

Pharmacokinetic analyses
Mice bearing HS766T tumors were divided into two groups—
two mice served as controls, four received five doses
daily. Plasma, liver and tumor tissues were harvested 1 h after
the last treatment. Mouse plasma samples containing ON
01910.Na were diluted 1:10 in human plasma before protein
precipitation using acetonitrile. Liver or tumor tissue homo-
genates were prepared at a concentration of 200mg/ml in
phosphate-buffered solution and diluted 1:10 in human
plasma. The analytes of interest were monitored by Micromass
Quattro LC triple-quadrupole mass spectrometric detector
(Beverly, MA, USA) with electrospray positive ionization (Li
et al., 2007).

FNA and ex vivo rapid molecular assay
Fine-needle aspiration biopsies were performed according to
standard cytopathologic practice under inhaled general an-
esthesia (isofluorane) using 10cc syringes and 25-gauge needles.
During each FNA procedure, the first pass was smeared onto
glass slides and used for morphologic analysis and 3–4
subsequent passes were used for viable cell harvesting. FNA
material from untreated tumors of HS766T, MiaPaca2 and
nine direct pancreatic cancer xenografts (140, 215, 247, 253,
291, 294, 354, 420 and 421) was aliquoted in growth media,
seeded in 6-well plates and treated in duplicates for 6 h with
growth media (GM) and GM plus ON 01910.Na at a
concentration of 10mM. The experiment was repeated twice
in all the cases.
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Immunohistochemical analysis
In all, 5mm sections were used for cyclin B1 staining. After
rehydrating, antigen retrieval was performed using a target
retrieval solution (S1700; Dako, Carpinteria, CA, USA)
heated for 40min. Endogenous peroxidase activity was
quenched by incubation in 3% hydrogen peroxide. Next, the
cyclin B1 primary antibody (14-6712; eBioscience, San Diego,
CA, USA) was diluted 1:100 and incubated at room
temperature for 1 h, followed by an antirabbit secondary
antibody (Envisionþ : Dako) for 30min and DAB (K3468;
Dako) for 5min. Between steps, slides were washed in

phosphate-buffered solution with 1% Tween 20. Four tumors
per treatment group were blindly analysed.
Additional conventional/standard techniques as Supplemen-

tary Methods.
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