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Abstract

This work aimed to discover targets for combination treatment with gemcitabine in pancreatic cancer. We
selected 11 tumors from our live collection of freshly generated pancreatic cancer xenografts with known
degrees of varying gemcitabine sensitivity. We briefly (6 h) exposed fine-needle aspiration material to control
vehicle or gemcitabine (1 pmol/L) and compared the gene expression of the treated and untreated samples
using a reverse transcription-PCR-based, customized low-density array with 45 target genes of therapeutic
interest. The gene expression of the untreated sample (which can be considered a baseline/static readout) was
not predictive of gemcitabine efficacy in these tumors. Altogether, the only gene that differentiated sensitive
versus resistant cases was polo-like kinase 1 (Plk1), showing >50% downregulation in sensitive cases and no
change in the resistant cases. Inhibition of Plk1 by either small interfering RNA gene knockdown or with the
Plk1 pathway modulator (ON 01910.Na) synergized with gemcitabine in gemcitabine-refractory in vitro mod-
els providing mechanistic proof of concept. In vivo experiments in gemcitabine-resistant xenografts showed
synergistic activity decreasing cell proliferation and tumor regressions. A quantitative gene expression-based
vulnerability assay identified Plk1 as a relevant target dictating the susceptibility of pancreatic cancer to gem-
citabine. Dynamic interrogation of cancer has the potential to provide key information about mechanisms of

resistance and to enhance individualization of treatment. Mol Cancer Ther; 9(2); 311-8. ©2010 AACR.

Introduction

Pancreatic cancer remains a devastating disease as
shown by the rough equivalence of incidence and mortal-
ity rates (1). At the time of diagnosis, 80% of patients
have locally advanced or advanced disease for which
no curative therapy exist, and 80% of patients treated
with curative intent will recur in the first 2 years after
surgical resection and will succumb to their disease (2).
Gemcitabine is the only agent that has been convincingly
shown to be efficacious but has a limited activity, and vir-
tually all patients show either primary or ultimately ac-
quired resistance. The factors determining gemcitabine
resistance are currently unknown. Also, the vast majority
of studies that tested a combination of an agent with
gemcitabine versus gemcitabine alone have failed, with
the common denominator that the combination agent
was chosen empirically.
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Although there are many new agents entering clinical
development, often there is no information on biomarkers
that may predict the activity of these drugs. Our group has
develop an in vivo model of pancreatic cancer implanting
tumor material obtained at the time of surgical resection in
nude mice (3). In this work, we aimed at rationally iden-
tifying potential targets for combination therapy with
gemcitabine in pancreatic cancer by using a dynamic
ex vivo assay. In previously reported work (4), we have op-
timized the use of fine-needle aspirate (FNA) biopsies as a
platform to conduct ex vivo predictive assays that have
been optimized in a clinically applicable manner. Current-
ly, there are no grounds to prioritize which agents should
be administered to a given patient with pancreatic cancer.
Sensitive and resistance assays have addressed this issue
but have largely failed as they are based on clonogenicity
and/or proliferation indexes and require both acquiring
large amounts of tissue and maintaining cell viability for
extended periods (5, 6). 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 ex vivo testing (7).

There is increased awareness of the complexity of pan-
creatic cancer, and it is unlikely that single-gene alterations
will help design therapies for broad subsets of patients (8).
We have hypothesized that interrogating the integrative
response of a complex system to a pharmacologic insult
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will provide valuable information. Here, we aimed at
rationally identifying relevant targets involved in the vul-
nerability of pancreatic cancer to gemcitabine. We dynam-
ically interrogated a set of pancreatic samples with known
gemcitabine sensitivity by exposing them to gemcitabine
and analyzing the early response of a preselected set of rel-
evant drug target genes.

Materials and Methods

Drugs

Gemcitabine (Elli Lilly) was dissolved in PBS. ON
01910.Na was obtained from Onconova Therapeutics
and dissolved in PBS.

Cell Lines and In vitro Culture Conditions

The cell line MiaPaca2 was obtained from the American
Tissue Culture Collection and derived from a pancreatic
carcinoma. The cell lines Panc813 and Panc1005 are low-
passage pancreatic cell lines and were a kind gift from
Dr. Elizabeth Jaffee. The cell lines XPa3 and XPa4 are
low-passage pancreatic cell lines and were a kind gift from
Dr. Anirban Maitra. The cell line E3]JD13 is a low-passage
pancreatic cell line obtained from a rapid autopsy pro-
gram and was a kind gift from Dr. Christine Iacobuzio-
Donahue. For mRNA and protein expression analysis,
the cell lines were grown in six-well plates. When the ex-
periments ended, they were washed twice with chilled
PBS, lysis buffer or RLT (Qiagen) was added to the plates,
and cells were scraped for protein or mRNA extraction.

In vivo Growth Inhibition Studies

Six-week-old female athymic nude mice (Harlan) were
used. The research protocol was approved by the Johns
Hopkins University Animal Care and Use Committee,
and animals were maintained in accordance to guidelines
of the American Association of Laboratory Animal Care.
The xenografts were generated according to methodology
published elsewhere (3). Tumors are kept as a live bank that
is expanded as required for drug testing and biological
studies. In the initial gemcitabine experiments, tumors from
11 patient cases (253, 215, JH021, JHO11, JHO15, 163, JH027,
410,219, JHO33, and 286) were allowed to grow until reach-
ing ~200 mm?>, at which time mice were distributed in the
following two treatment groups, with 5 to 6 mice (10 evalu-
able tumors) in each group: control (vehicle) and gemcita-
bine (100 mg/kg i.p. twice a week for 28 days). In the
subsequent experiments, tumors from 3 patient cases
(410, JH033, and 286) were allowed to grow until reaching
~200 mm?>, at which time mice were distributed in the fol-
lowing four treatment groups, with 5 to 6 mice (10 evalu-
able tumors) in each group: control (vehicle), gemcitabine
(100 mg/kg i.p. twice a week), ON 01910.Na (250 mg/kg
i.p. five times a week for 28 days), and the combination of
both drugs at the same doses. Tumor size was evaluated
two times a week by caliper measurements using the fol-
lowing formula: tumor volume = (length x width?)/2. Rel-
ative tumor growth inhibition was calculated by relative

tumor growth of treated mice divided by relative tumor
growth of control mice since the initiation of therapy (T/C).

FNA and Ex vivo Rapid Molecular Assay

FNA biopsies were done according to standard cyto-
pathologic practice under inhaled general anesthesia (iso-
fluorane) using 10 cc syringes and 25-gauge needles.
During each FNA procedure, the first pass was smeared
onto glass slides and used for morphologic analysis (Diff-
Quik and Papanicoloau), and three to four subsequent
passes were used for viable cell harvesting. We acquired
the passes from separate parts of the tumor to avoid con-
tamination and bleeding and to sample each tumor com-
prehensively. The material collected by three to four FNA
passes on untreated tumors derived from the 11 cases
from direct pancreatic cancer xenografts was aliquoted
in growth medium, seeded in six-well plates, and treated
for 6 h with growth medium and growth medium plus
gemcitabine at a concentration of 1 pmol/L. The material
was resuspended, washed twice with chilled PBS, and
lysed with RLT for RNA evaluation.

Low-Density Microarrays

The untreated and treated samples from the ex vivo
assay of each case were run in a customized assay
(ABI). This platform consists of a multichannel 384-well
plate that is distributed in four sections, each formed
by 96 wells precoated with the primers corresponding
to 48 selected genes. Three such genes corresponded to
housekeeping genes, and the other 45 were selected
based on ad hoc criteria (not all needed to apply for
the gene to be selected for inclusion): (1) regulated at
mRNA level, (b) relevant for pancreatic cancer, and
(c) inhibitor in existence or development.

Small Interfering RNA

Polo-like kinase 1 (Plk1) small interfering RNA (siRNA)
and transfection reagent (Dharmacon RNA Technologies)
were optimized in 24-well cell culture plates where 30,000
cells were added to each well in 500 uL growth medium
and grown overnight at 37°C. Each plate contained wells
for antibiotic-free medium alone, wells for 0.2%, 0.4%,
and 0.6% of transfection reagent to final volume with an-
tibiotic-free medium, and wells for the varying transfec-
tion reagent amount plus 100 and 200 nmol/L siRNA
concentrations in antibiotic-free medium. Conditions
were tested for 24 and 48 h. Cells were harvested with
RLT buffer (Qiagen). After optimization of siRNA condi-
tions in all six cell lines, the optimal concentration of trans-
fection reagent, siRNA, and time were 0.4%, 200 nmol/L,
and 48 h, respectively.

In vitro Endpoint Testing

In vitro drug sensitivity to gemcitabine, ON 01910.Na,
and the combination of both (all at concentrations of
1 pmol/L for 72 h) was assessed by MTT (Sigma). For
the MTT-based efficacy studies after siRNA, cells were
seeded in 96-well plates, transfected during 48 h with
the above conditions, and then exposed to either vehicle
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or gemcitabine at 1 pmol/L for 72 h. Each experiment
was done in sextuplicate and was carried out indepen-
dently at least three times.

Quantitative Real-time Reverse
Transcription-PCR Analysis

Total RNA was extracted from ex vivo material, cell pel-
lets, and tumors using the RNeasy Mini kit (Qiagen).
c¢DNA was synthesized using iScript cDNA synthesis
kit (Bio-Rad) following the manufacturer's instructions.
Relative quantification of Plkl and ubiquitin C (used
as a housekeeping gene) mRNA was achieved using
an iCycler iQ real-time PCR detection system (Bio-
Rad) using ABI Tagman probes. The experiments were
repeated twice, and samples were run in quadruplicate.

Immunohistochemical Analysis

Sections (5 pm) were used for cyclin Bl and Ki-67
staining. After rehydrating, antigen retrieval was done
using a Target Retrieval Solution (DAKO) heated for
40 min. Endogenous peroxidase activity was quenched
by incubation in 3% hydrogen peroxide. Next, the cyclin
Bl primary antibody (eBioscience) was diluted 1:100
and incubated at room temperature for 1 h followed
by an anti-rabbit secondary antibody (Envision®;
DAKO) for 30 min and 3,3’-diaminobenzidine (K3468;
DAKO) for 5 min. Between steps, slides were washed
in PBS with 1% Tween 20. Four tumors per treatment
group were blindly analyzed. For statistical analyses,
an index of staining intensity x percentage of cells stain-
ing positive was calculated.
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Figure 1. A, gemcitabine sensitivity of 11 direct xenograft cases. Each column is normalized to the untreated control. A negative value indicates that
tumor size at the completion of the experiment was smaller than at initiation, indicating tumor regression. See two illustrative examples on the right,
with the experimental plots of the most sensitive and most resistant cases 253 and 286, respectively. Bars, SE (n = 10 tumors per group). B, ex vivo assay:
a small sample of tissue is acquired by FNA biopsy from a tumor xenografted on mice and is plated and exposed to gemcitabine for 6 h. RNA is then
collected and analyzed by reverse transcription-PCR in the low-density array platform.
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Table 1. Low-density array of FNA-acquired samples exposed ex vivo

Gem T/C -88 -43 -33 -29 -13 -5 -1 5 8 56 87
Case 253 215 JHO021 JHO11 JHO15 163 JHO027 410 219 JHO33 286
CyclinB1 99 52 124 68 84 94 53 - 140 89 115
TGFA 113 92 85 99 101 109 97 131 107 141 103
HIF1A 111 106 146 126 102 113 108 115 113 90 100
Survivin 110 ii 166 81 iii ii ii 74 ii 104
AXIN2 63 142 67 81 106
MSLN 118 91 101 101 99 100 117 98 90 107
FOS 115 123 113 iii 111 112 139 113 96 83
BRCA1 63 84 81 114 95 89 59 62 161
RRM1 166 81 110 114 o1 92 iii 104 92 73
BRAF 98 93 116 88 88 146 122 65 93
GADD45A 108 104 108 75 89 121 96 147 106 ﬂ
SHH 108 65 70 116 66 113 57 7 70

NFKB1 138 94 114 83 91 163 105 105 78 110
p21 110 99 96 122 84 143 134 100 119 83
BNIP3L 96 82 109 105 92 20 100 106 97 95
NOTCH2 119 103 113 79 81 56 112 122 101 101
VHL 116 118 104 111 121 79 80 101 74 110
BAX 95 78 o1 110 106 109 100 91 91 92
DCK 112 80 164 91 101 132 102 ﬂ 91 117
HIF1B 129 106 99 65 112 65 102 ﬁ 107
EGFR 101 70 124 74 87 71 151 91 85
CCND1 128 106 127 85 107 141 127 ﬁ& 97
GLI2 82 73 72 85 100 118 73 99
MAPK3 ii i iii) i iii iii ii i iiii ii 167 90 73 106
PLK1 98 90 68 111
NOTCH1 138 132 158 60 190 89 & 118 70 96
IGF1R 105 66 51 82 105 61 101 66 53
PSCA 127 115 81 106 132 110 102 91 101 108 94
VEGF 101 86 103 106 91 87 115 ﬁ 87
S e e
CXCR4 100 70 53

ERCC1 ﬂ & 94 107 ﬂ 106 105 153 98 1 ﬁ
IGFBP3 130 135 86 122 78 83 96

MAPK1 104 111 68 114 90 108 86 93 78 79 99
MAP2K2 78 106 146 127 98 135 151 131 86 89 90
JUN 109 114 ii 118 106 95 135 80 108 82 92
MDM2 92 137 134 81 83 73 180 65 86 92
IHH 131 130 92 113 122 114 141 81 137 93 99

NOTE: Sensitivity to gemcitabine is shown above the case number and expressed as T/C ratio, where a negative value indicates
tumor regression. Gene values indicate expression in percentage normalized to untreated control. Significant upregulation (red) and
downregulation (green) were defined as a 2-fold increase and decrease in expression, respectively.

Statistical Analysis

The comparisons between means and proportions and
the correlations obtained from the biological studies were
done using Student's ¢ test, X2 method, and Spearman's
test, respectively, using P = 0.01 as the cutoff for signifi-
cance to account for the multiple comparisons. Multiple
comparisons were corrected by the Bonferroni's method.

Results

Xenograft Case Selection Based on Gemcitabine
Sensitivity

We have tested gemcitabine in a panel of pancreatic
cancer direct xenografts (3) and selected 11 cases with
varying degrees of gemcitabine sensitivity ranging from
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almost complete tumor regression to absolutely refracto-
riness (Fig. 1A). With the aim of better understand the
effect of gemcitabine in pancreatic cancer and to investi-
gate which genes are related to gemcitabine responsive-
ness, we performed ex vivo testing where samples from
untreated tumors acquired by FNA are seeded in a plate
and exposed to control or 1 pmol/L gemcitabine for 6 h
(Fig. 1B).

Ex vivo Assay Results: Plk1 Is the Common
Denominator of Gemcitabine Resistance

Next, both samples were harvested for RNA, and the
cDNAwas run in a customized low-density array (Table 1).
This low-density array contained 45 genes that had been
selected based on their relevance to pancreatic cancer,
their potential druggability, and being functionally regu-
lated at the mRNA level. The gene expression of any of
these genes in the untreated samples (which is considered
a baseline, static readout) was not predictive of gemcita-
bine efficacy (data not shown). We considered a 2-fold
variation to be of significance following standard gene
expression methodology. Most (94%) of the 495 data cells
remained stable, and for each tumor, a range of only one
to five genes had significant variations in their expression
after gemcitabine treatment.

Altogether, the only gene that differentiated sensitive
versus resistant cases was Plkl (Spearman's correlation,
P < 0.01; rest of correlations, P > 0.01). In all the sensitive
cases, Plk1 showed downregulation of >50%, whereas it

A 1201

100 -
80 -
60
40

PIk1 variation ex vivo

201

B 1204

100 1
80 -
60 -
40
20 -

PIk1 variation ex vivo

0

0 20 40 60 80 100 120 140 160
Plk1 variation in vivo
Figure 2. A, correlation between PIk1 variation ex vivo and

gemcitabine sensitivity in vivo, expressed in T/C. B, correlation between
Plk1 variation ex vivo and in vivo.

did not change in any of the intermediate or resistant tu-
mors (Fig. 2A). To determine the biological significance of
changes in Plk1 expression in the low-density array, we
correlated the expression of Plkl after ex vivo exposure
to gemcitabine and 28-day in vivo treatment in xenografts.
As shown in Fig. 2B, there was a significant correlation be-
tween these two sample sets, suggesting that the ex vivo
results predict the effect of a long-term in vivo exposure.

This experiment yielded three important outcomes.
(2) It showed the feasibility of interrogating a relatively
large group of genes of interest quantitatively with the
small amount of material obtained from a FNA. (b) It
evidenced that the majority of genes were not affected
and that it is possible to obtain a focused readout. (c) It
not only identified a marker predicting gemcitabine resis-
tance (Plk1), but also a 6 h ex vivo exposure reproduced
the events occurring in the tumors after a 28-day in vivo
exposure to gemcitabine.

Plk1 Knockdown and Pharmacologic Inhibition
Reverses Gemcitabine Resistance

To determine whether the decrease of Plkl was a re-
flection of arrested growth or whether it was mechanisti-
cally involved in gemcitabine response, we knocked
down PIk1 in a panel of six gemcitabine-resistant (de-
fined as ICsp > 1 umol/L) pancreatic cancer cell lines.
The baseline levels of Plk1 did not correlate with gemci-
tabine sensitivity, and gemcitabine exposure did not de-
crease Plkl expression in these cell lines. Plkl
knockdown alone had a modest growth-inhibitory effect
on two of the cell lines (Fig. 3A), but the combination
with gemcitabine induced a significant additive effect
or synergy in three cell lines (1005, XPa3, and XPa4).
Then, we treated the same panel of cell lines with gemci-
tabine * the Plk1 pathway modulator ON 01910.Na
(Fig. 3B). Similarly, whereas the effect of single-agent
ON 01910.Na was marginal, the combination with gemci-
tabine induced synergy in three cell lines that were the
same as those from the prior experiment. This validates
the principle mechanistically and reinforces the notion
that these cell lines seem to be sensitive to an interference
with Plk1 function independently of the modality used.

Treatment of Three Xenograft Cases with
Gemcitabine, a Plk1 Inhibitor, and the Combination
We then planned to validate these findings by treating
in vivo three xenografts (410 intermediately sensitive to
gemcitabine and JH033 and 286 resistant to gemcitabine)
with gemcitabine, ON 01910.Na, and the combination of
both (Fig. 4A). In 410, ON 01910.Na had a similar effect
than gemcitabine and no additive effect was seen with
the combination. In JH033, the combination showed a
marginally better effect than either modality alone. In
286, however, a case where gemcitabine had no effect
and ON 01910.Na only modestly slowed growth, the com-
bination induced tumor regressions. This suggests that the
higher gemcitabine resistance was in vivo, the more benefit
was obtained from a combination with a Plk1 inhibitor.
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Figure 3. A, a panel of six gemcitabine-refractory pancreatic cell lines. Gemcitabine + Plk1 knockdown induced a significant additive effect or synergy in
three cell lines (1005, XPa3, and XPa4). B, the same panel was treated with gemcitabine + the Plk1 inhibitor ON 01910.Na. Whereas the effect of
single-agent ON 01910.Na was marginal, the combination with gemcitabine induced synergy in the same three cell lines.

In the analysis of the tumors, Pkl mRNA levels did
not significantly change in any of the arms of any of
the three cases (Fig. 4B). Cyclin B1, a transducer distal
to CDC25C, significantly reduced its nuclear levels in
both the ON 01910.Na and the combination arms of
JHO33 (Fig. 4C).

Discussion

In this work, we aimed at determining the factor(s)
that dictates the vulnerability of pancreatic cancer to
gemcitabine using a direct xenograft platform and a dy-
namic, FNA-based ex vivo drug exposure approach with
a gene expression endpoint on a customized, multigene,
quantitative array. We used 11 cases with known gemcita-
bine sensitivity and found that the common feature of re-
sistant cases was an inability of gemcitabine to induce a
downregulation of Plk1. This could have two interpreta-
tions: it could represent a proliferation-related event,
whereby only in cases where gemcitabine is effective a
nonspecific decrement in cycling parameters occurs, or it
could indicate a bona fide mechanistic event. The series of
experiments that followed suggest that the latter is more
likely: downregulation of Plk1 by using siRNA-induced
antitumor efficacy per se but more importantly syner-

gized with gemcitabine in gemcitabine-refractory models;
additionally, a parallel pharmacologic inhibition with an
agent that targets the Plk1 pathway exerted a similar effect
both in terms of proliferation but also pharmacodynami-
cally in the exact same subgroup of cells. This effect,
however, was not universal, and the determinants dictat-
ing synergy in in vitro models are unknown and under
investigation at the time of this report. Then, this was val-
idated in vivo, and only the combination of gemcitabine
with ON 01910.Na, a Plk1 pathway inhibitor, induced tu-
mor regressions. It should be noted that multiple combi-
nations of agents (including several gemcitabine-based
agents) have been tested in 286 without success.

PIk1 is one of the key mediators of the intricate and
overlapping control points into the mitotic phase (9, 10)
and modulates the transition through the G;-M check-
point in the cell cycle by influencing the activation of
the phosphatase CDC25C and cyclin Bl (11). To exam-
ine the role of Plkl, several approaches have been ex-
plored. Deletion mutants of Plkl delayed progression
through mitosis, and when Plk1 function was blocked
through adenovirus delivery of a dominant-negative
gene, tumor-selective apoptosis in tumor cell lines was
observed (12). Downregulation of cellular Plk1 levels in
cancer cells by using antisense oligonucleotides altered
cell cycle progression and resulted in antiproliferative
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effects in in vitro and in vivo models of lung cancer (13) as
well as in pancreatic cancer cell lines (14). Short hairpin
RNAs against Plk1 reduced tumor growth in cervical
and lung cancer xenograft models (15). siRNA-mediated
PIk1 depletion inhibited cell proliferation, decreased via-
bility, resulted in cell cycle arrest with 4N DNA content,
and induced apoptosis; the latter effect was partially re-
versed by cotransfection of nondegradable mouse Plk1
constructs (16). This has validated Plk1 as an anticancer
target (17), but these approaches are difficult to translate
to the clinic. The relevance of the Plk1 pathway in pancre-
atic cancer was highlighted by expression analyses show-
ing that Plk1l was differentially overexpressed in
pancreatic cancers as early as pancreatic intraepithelial
neoplasia IIT lesions as opposed to benign acinar pancre-
atic parenchyma and ductal epithelia, where only focal
PIk1 positivity was evidenced (18). A separate analysis
found Plk1 mRNA and protein to be overexpressed in
clinical pancreatic cancer samples and in cell lines but
more importantly decreasing Plk1-induced growth arrest
in preclinical models (14). Yu et al. showed recently that
treatment of pancreatic cancer cells with Plkl siRNA fol-
lowed by exposure to gemcitabine dramatically decreased
cell viability and increased cellular apoptosis compared
with treatment with either agent alone (19).

Elegant mechanistic studies provide the biological
framework that explains the results observed. In undam-

aged cells, several redundant pathways can promote the
onset of mitosis; this redundancy is lost in cells recovering
from a DNA damage-induced arrest (20). Plk1 is crucial
for mitotic entry following recovery from DNA damage;
therefore, our results would fit the hypothesis that cells
with functional overexpression of Plk1 that does not de-
crease after gemcitabine-induced insult are ultimately re-
silient to arrest and senescence/death. This explains why
only a dual/sequential targeting with gemcitabine and a
PIk1 inhibitor results in cell death and tumor growth ar-
rest. It also explains that in cases with intermediate or full
susceptibility to gemcitabine Plk1 inhibition fails to in-
crease this effect, as it is likely that susceptibility arises
from the tumor cell undergoing apoptosis after entering
an ineffective cell division. These are the cases with high
PIk1 function where cell division after DNA damage does
not occur, which derives benefit from Plk1 inhibition.
This work highlights the potential value of a FNA-
based ex vivo assay for pharmacodynamic assessment
of cancer (4). If validated clinically, this approach may
have implications in drug development, as it (7) permits
identifying which molecules or mediators are particular-
ly relevant in determining the vulnerability to a specific
drug and is a rational way to devise combinatorial
strategies and eventually (b) will allow identifying
which patients may obtain benefit before receiving the
drug, taking a step forward in the implementation of
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Figure 4. A, tumor growth plots of the in vivo experiments. Tumor-bearing mice were distributed in four groups that were treated with vehicle,
gemcitabine, ON 01910.Na, and the combination of both agents (at full doses). B, 12 tumors per case (3 per treatment arm) were assessed by reverse
transcription-PCR. PIk1 levels did not significantly change in any of the arms of any of the three cases. C, 3 tumors per treatment group were examined
by immunohistochemistry for cyclin B1 expression. In 286 in the combined arm, there was a significant downregulation of cyclin B1. Bars, SD.

*, P < 0.05, compared with control (Student's t test).
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individualized therapy. FNA-based acquisition of tumor
material, particularly from nodal or hepatic origin is fea-
sible, safe, and effective as is usually coupled to ultra-
sound guidance, and the quality of the procedure is
tested on-site by cytopathologic assessment. This is in
contrast to thoroughly tested sensitivity and resistance
assays that require a larger amount of material (5, 6), typ-
ically limiting their use to patients that can undergo a
surgical resection or for superficial tumors (21). A key
to successfully develop a clinical assay is choosing an
endpoint that can be tested in a reasonably large propor-
tion of the potential patients. mRNA expression analysis
by reverse transcription-PCR requires less material, is re-
producible and fully quantitative, and thus has a higher
potential for miniaturization. This effort is complementa-
ry and has similar intent as high-throughput lethality as-
says using gene interference to knockdown target genes
in combination with conventional chemotherapy as a
strategy to rationally identify combination partners (22).
The ability to knockdown genes requires an in vitro plat-
form such as a panel of cell lines.

Recent work has shown the enhancement of gem-
citabine sensitivity with concomitant use of hedgehog in-
hibitors that maximize pharmacokinetic gemcitabine
delivery by modulating the stromal components (23).
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