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Abstract
Purpose Histone deacetylase inhibitors (HDACIs), such
as PXD101 and suberoylanilide hydroxamic acid, inhibit
proliferation and stimulate apoptosis of tumor cells. The
enhanced eVectiveness of chemotherapy or radiotherapy
when combined with HDACIs has been observed in several
cancers. In this study, we investigated the antitumor eVect
of PXD101 combined with irinotecan in colon cancer.
Methods HCT116 and HT29 colon cancer cells for cell
viability assay were treated with PXD101 and/or SN-38,

the active form of irinotecan. Antitumor eVects of HCT116
and HT29 xenografts treated with these combinations were
evaluated. [18F]FLT-PET was used to detect early responses
to PXD101 and irinotecan in colon cancer.
Results PXD101 and SN38 possessed dose-dependent
antiproliferative activity against HCT116 and HT29 cells
and exerted a synergistic eVect when used in combination.
In xenografted mice, PXD101 in combination with irino-
tecan dramatically inhibited tumor growth without causing
additive toxicity. Apoptotic eVects on xenograft tumors
were greater with combined treatment than with irinotecan
alone. [18F]FLT-PET imaging revealed a 64% decrease in
[18F]FLT uptake in tumors of HCT116 xenograft-bearing
mice treated with a combination of PXD101 and irinotecan,
indicating a decrease in thymidine kinase 1 (TK1) activity.
These results were supported by Western blot analyses
showing a decrease in tumor thymidine kinase 1 protein
levels, suggesting that [18F]FLT-PET can be used to non-
invasively detect early responses to these agents.
Conclusions These data show that PXD101 increases the
cytotoxic activity of irinotecan in in vitro and in vivo colon
cancer models and suggest these agent combinations should
be explored in the treatment of colon cancer.

Keywords Histone deacetylase inhibitor · PXD101 · 
Irinotecan · [18F]FLT-PET · Colon cancer

Introduction

Colorectal cancer is the second leading cause of cancer-related
deaths in the western world [1]. In recent years, novel biologi-
cal agents, including bevacizumab and cetuximab, when added
to conventional 5-Xuorouracil (5-FU) and irinotecan or oxalipl-
atin treatment regimens have improved eYcacy in patients
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with advanced colorectal cancer [2]. However, if these agents
fail, there are no eVective alternatives; thus, there is a clear
need for new therapeutic approaches.

Irinotecan (Campto®) is an eVective chemotherapeutic
agent for colorectal cancer [3] and a prodrug that is
activated to the topoisomerase I inhibitor SN-38 by intra-
cellular carboxylesterases. Topoisomerase I makes a single-
strand break in DNA during replication and then relegates
the broken strands. SN38 traps these DNA strand breaks
and induces formation of replication-mediated double-
strand breaks. Therefore, SN-38 leads to inhibition of DNA
replication and transcription [3, 4].

Histone deacetylase inhibitors (HDACIs) have recently
emerged as a class of anticancer agents. HDACIs cause
growth arrest via a mechanism that involves induction of
p21 and downregulation of cyclins. They also induce apop-
tosis and autophagy, modulate reactive oxygen species-
facilitated cell death by promoting thioredoxin degradation,
and prevent angiogenesis [5]. HDACI valproic acid (VPA)
has shown cell-type-speciWc eVects on cell migration, pro-
liferation [6], and Erk1/2 activity [7, 8].

PXD101 (Belinostat) is a novel, low molecular weight
hydroxamic acid HDACI, and is currently being investi-
gated in patients with advanced solid tumors. Evidence to
date indicates that speciWc histone deacetylases (HDACs),
including HDAC 1, 2, 3, and 8, are consistently overexpres-
sed in colon cancer [9–11]. Inhibition of these proteins by
HDACIs revealed the antiproliferative eVect on colon can-
cer cells in vitro and in vivo [12, 13], thus conWrming this
upregulation is functionally signiWcant. Moreover, HDA-
CIs have been shown to synergize with well-established
chemotherapeutic agents to enhance antitumor eVects in
colon cancer [14, 15]. Therefore, we investigated the antitu-
mor eVect of HDACi combined with irinotecan because of
facilitating actions that the action of HDACi may enhance
the action of irinotecan.

As the clinical evaluation of HDACIs continues, the role of
biomarkers in identifying responsive patients and evaluating
treatment responses becomes increasingly important. To date,
a few biomarkers capable of predicting the response to HDA-
CIs have been established in vitro [16, 17]. Recently, it has
been suggested that non-invasive imaging with 3�-deoxy-3�-
[18F]Xuorothymidine ([18F]FLT) positron emission tomogra-
phy (PET) could be used to predict and monitor responses to
chemotherapy in tumors [18], and [18F]FLT used as a radio-
tracer can assess tumor cell proliferation. Results from
[18F]FLT-PET studies have shown that because [18F]FLT is a
substrate for thymidine kinase 1 (TK1), [18F]FLT uptake in
tumors represents TK1 protein levels [19, 20].

In this study, we demonstrated that the combination
of PXD101 with irinotecan synergistically enhances cell
killing in vitro and inhibits tumor growth in a xenograft
model of colon cancer, producing an antitumor eVect

greater than either agent alone. The response of patients
with colon cancer to PXD101 could be predicted using
[18F]FLT as an imaging biomarker. Collectively, these data
suggest that combining PXD101 with irinotecan is a prom-
ising novel therapeutic strategy for treating colon cancer.

Materials and methods

Cell lines, compounds, and antibodies

The human colon cancer cell lines HCT116 and HT29 were
obtained from the American Type Culture Collection
(Manassas, VA). PXD101 was obtained from CrystalGe-
nomics (Seoul, Korea). Irinotecan and SN-38 were obtained
from PWzer Korea Inc. (CT, USA) and Hanmi Pharmaceuti-
cals (Seoul, Korea), respectively. For Western blot analyses,
primary antibodies against acetyl-H3, H3, p21 (Cell Signal-
ing, Danvers, MA), XIAP (BD Biosciences, San Jose, CA),
TK1 (Abnova, Taipei, Taiwan), and �-actin (Santa Cruz
Biotechnology, Santa Cruz, CA), and secondary antibodies
conjugated with horseradish peroxidase were used.

Cell viability assay and analysis of drug 
combination eVects

Cell viability was determined using a Cell Counting Kit-8
(Dojindo Laboratories, Kumamoto, Japan) according to the
manufacturer’s instructions. Three independent experi-
ments were performed in duplicate. Cell viability curves
were plotted as change relative to untreated cells, and IC50S

were determined using GraphPad Prism (Graphpad Soft-
ware Inc., San Diego). A combination index (CI) was cal-
culated according to the Chou-Talalay equation [21, 22]
using CalcuSyn software (Biosoft, Cambridge, UK). A
combination index value <1 indicates synergy; a CI
value = 1 indicates an additive eVect; and a CI value >1
indicates antagonism. The interaction between PXD101
and SN38 was assessed at concentrations of IC20 followed
by 1.5-fold increasing or decreasing for each cell line.

Cell-cycle analysis, annexinV staining, and soft agar 
colony-forming assay

The cell-cycle distribution was analyzed by Xow cytometry
(Becton–Dickinson, Franklin Lakes, NJ) and Cell Quest
software (BD) using propidium iodide (PI; Molecular
Probes, Leiden, Nederlands)-stained cells. The percentage
of early apoptotic cells detected by measuring Annexin V
protein of cell membrane in cancer cells exposed for 48 h to
PXD101 or SN38 alone or in combination was determined
using an annexin V-FITC apoptosis detection kit (BD Biosci-
ences) and Xow cytometry according to the manufacturer’s
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protocol. Results represented the mean § SEM of three
independent experiments as percentages of Annexin V pos-
itive and PI-negative cells. A soft agar colony-formation
assay was performed using a CytoSelect 96-Well Cell
Transformation Assay (Cell Biolabs, San Diego, CA) as
recommended by the manufacturer.

Xenograft model

Five-week-old female athymic nude (nu/nu) mice were pur-
chased from Japan SLC Inc. (Shizuoka, Japan). Tumors
were established by injecting 5 £ 106 colon cancer
(HCT116 and HT29) cells subcutaneously into the left
Xank of mice. When subcutaneous tumors reached a size of
100 mm3 (day 0), xenografted animals were randomly allo-
cated into one of the following four groups: Control (vehi-
cle treated: 520 mM L-arginine (pH 9.4)), PXD101 only,
Irinotecan only, and PXD101 and irinotecan. PXD101
(60 mg/kg) was administered once daily for 5 days fol-
lowed by 2 days without treatment; this cycle was repeated
for 3 weeks. Irinotecan was administered at a dose of
50 mg/kg once weekly for 3 weeks. The PXD101/irino-
tecan combination group was administered PXD101 in the
morning followed by irinotecan in the afternoon for
3 weeks when both drugs were injected. Drug and vehicle
were administered intraperitoneally (i.p.). Tumors were
measured by caliper twice weekly and calculated as volume
(mm3) = (length £ width2)/2. Body weights were also mon-
itored. On days 2 and 16, specimens of tumors were col-
lected for soft agar assay, TUNEL assay, or Western
blotting. This study was approved by the Institutional Ani-
mal Care and Use Committee (IACUC).

Isolation of primary tumor cells and preparation 
of tumor tissue extracts

The tumor tissue pieces were Wltered through a 100-�m cell
strainer (BD Biosciences) to remove tissue fragments. Cells
were centrifuged and washed for soft agar assay. The dis-
sected tumors were homogenized in tissue lysis buVer
(50 mM Tris–HCl (pH 8.0), 150 mM NaCl, 0.02% sodium
azide, 0.1% SDS, 1% NP-40, 0.5% sodium deoxycholate,
10 �l/ml protease inhibitor mix). Homogenates were centri-
fuged and then analyzed by Western blotting.

TUNEL staining and hematoxylin–eosin staining

Tumor tissues were isolated on day 2 and day 16, and Wxed
in 10% phosphate-buVered formalin, paraYn-embedded,
and sectioned into 4-�m-thick section. Apoptosis was
determined by TUNEL staining using an In Situ Cell Death
Detection Kit (Roche-Applied Science, Indianapolis, IN) as
described by the manufacturer. Sections were counter-

stained with 4�-6-diamidino-2-phenylindole (DAPI) to stain
nuclei. Three independent Welds in each slide were analyzed
at high power under a Xuorescence microscope. Signals
were quantiWed using Image J software (NIH). The basic
histomorphological features of organs were evaluated by
hematoxylin–eosin (H&E) staining of tumor specimens col-
lected on day 9 from agent-treated, xenograft-bearing mice.

[18F]-FLT PET imaging

[18F]-FLT was prepared according to a previously reported
method [23]. PET images were obtained 2 h after intrave-
nous injection of each PET tracer (37 MBq/mouse). The
total acquisition time was 10 min. Xenografts were ran-
domized into four groups, as described earlier, and then a
standardized uptake value (SUV) for basal TK1 levels was
determined by PET on day 0. HCT116 xenografts were
treated with the regimen described earlier, and image analy-
ses were performed 1 h after agent administration on day 8.

Statistical analysis

The data obtained are expressed as mean § SEM. DiVerences
between the test groups were analyzed by Mann–Whitney
tests, Wilcoxon matched-pairs tests, or unpaired t-test using

Fig. 1 EVects of PXD101 and SN38 in HCT116 and HT29 colon can-
cer lines. a IC50 and IC20 of PXD101 and SN38 alone in HCT116 and
HT29 cells. b Cell-cycle analyses in HCT116 cells. Assays were per-
formed at 48 h after exposure to PXD101 or SN38
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GraphPad InStat (Graphpad Software). P-values less than
0.05 were considered statistically signiWcant.

Results

PXD101 and SN38 possess antiproliferative activity 
against human colon cancer cells

To investigate the antiproliferative capacity of PXD101 and
SN38 against colon cancer cells, we treated HCT116 and
HT29 cells individually with various concentrations of each
of the two agents for 48 h. As shown in Fig. 1a, the IC50

values for PXD101 or SN38 alone in HCT116 and HT29
cell lines were determined. These results indicate that both
PXD101 and SN38 exerted dose-dependent anti-prolifera-
tive eVects on both cell lines, but the HCT116 cell line was

more sensitive to both PXD101 and SN38 than the HT29
cell line.

To evaluate the cell-cycle eVects of PXD101 and SN38
in HCT116 cells, we exposed HCT116 cells to IC50 concen-
trations of PXD101 or SN38 for 48 h. PXD101 and SN38
increased the percentage of G2 cells to 30.0 and 40.5%,
respectively, compared with control cells (Fig. 1b). These
data show that these two agents induced growth arrest at the
G2 phase of the cell cycle in HCT116 cells.

PXD101 and SN38 combine to synergistically aVect 
cytotoxicity and apoptosis in colon cancer cell lines

To evaluate the combined eVect of PXD101 and SN38 in
HCT116 and HT29 cell lines, we Wrst treated cells with
PXD101 or SN38 alone or in combination at various doses,
including IC20 values, and then measured cell viability

Fig. 2 EVects of PXD101 and 
SN38 alone and in combination 
at IC20 concentrations in colon 
cancer lines. a Combination in-
dex (CI) for the interaction of 
PXD101 and SN38 was deter-
mined in HCT116 and HT29 
cells. b Apoptosis was induced 
by PXD101 and/or SN38 at IC20. 
Top Representative apoptotic 
cells are distributed as early 
apoptosis (Annexin V+ and PI¡) 
and late apoptosis (Annexin V+ 
and PI+). Bottom Percent of cell 
population in early apoptosis 
(mean § SEM) for HCT116 and 
HT29 cells treated with agents, 
displayed as a histogram. P + S, 
PXD101 and SN38
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(Fig. 2a). In HCT116 cells, the combined eVects of
PXD101 and SN38 were greater than predicted by an addi-
tive model, indicating synergy. Synergy between PXD101
and SN38 was also evident at IC20 values in HT29 cells.
Collectively, these results indicate that PXD101 and SN38
acted synergistically to induce enhanced cytotoxicity in
colon cancer cell lines.

Next, we examined the combined eVects of PXD101 and
SN38 at IC20 concentrations on induction of apoptosis
(Fig. 2b). In HCT116 cells exposed to PXD101 or SN38
alone, the percentages of early apoptotic cells were approx-
imately 22.1 and 21.6%, respectively, compared to 19.7%
in controls. In contrast, about 33.4% of HCT116 cells
treated with the combination of PXD101 SN38 showed evi-
dence of early apoptosis. Similar results were obtained in
HT29 cells. Therefore, combined exposure to PXD101 and
SN38 was more eVective than exposure to each agent indi-
vidually in both cell lines.

Combined treatment with PXD101 and SN38 exerts 
time- and dose-dependent eVects on the expression 
of XIAP protein, especially in HCT116 cells

To determine the eVect of single and combined treatment
on the expression of acetyl-H3, H3, p21, and XIAP over

time (Fig. 3a) and with diVerent doses of each agent
(Fig. 3b), we performed Western blotting in both cancer
cells. The time- and dose-dependent eVect of PXD101 on
acetylated histone H3 levels was evident in both cancer
cells. However, eVect is more sensitive in the HCT116
cells.

HDACIs or irinotecan are known to be associated with
induction of p21 [24–27]. Therefore, to explore whether
PXD101 and SN38 combine to exert a synergistic eVect on
p21 expression, we performed Western blotting for p21.
Both PXD101 and SN38 alone induced a time- and dose-
dependent slightly increase in p21 levels in HCT116 and
HT29 cells; however, there was no evidence for a synergis-
tic eVect of the two agents in combination.

We analyzed the expression of XIAP as a representative
antiapoptotic protein [28]. After treating HCT116 cells with
combined treatment for 8 h, XIAP expression was reduced
compared to treatment with either agent alone. In HT29
cells, combined treatment for 8 h did not signiWcantly
reduce XIAP levels. However, at higher concentrations,
combined treatment reduced XIAP expression in HT29
cells. These results indicate that combined treatment exerts
a time- and dose-dependent eVect on XIAP expression in
colon cancer cells, an eVect that is more prominent in the
HCT116 cell line.

Fig. 3 EVects of PXD101 and/or SN38 on the expression of acetyl-
H3, H3, p21, and XIAP in HCT116 and HT29 cells according to time
(a) and dose (b). Western blotting was performed after treatment with
1 �M PXD101 and/or 0.1 �M SN38 for 4, 8, and 24 h and with 0.1, 1,

10 �M PXD101 and/or 0.01, 0.1, 1 �M SN38 for 6 h in HCT116 cells,
and 22 h in HT29 cells. The ratio of p21 or XIAP:actin expression
compared to control is shown for each lane. P + S, PXD101 and SN38
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Combined administration of PXD101 and irinotecan more 
eVectively inhibits the growth of HCT116 tumor xenografts 
than either agent alone

To determine whether the combination of PXD101 with iri-
notecan also acts synergistically in vivo, we evaluated the
antitumor eVect of combined treatment against HCT116
and HT29 xenografts. Combined treatment was signiW-
cantly more eVective in suppressing the growth of HCT116
tumors than either agent alone (Fig. 4a). In HCT116 xeno-
grafts, tumor growth was inhibited by 62.9, 75.6, and
88.2% at day 21 after treatment with PXD101 alone, irino-
tecan alone, and combined PXD101/irinotecan, respec-
tively (P < 0.01 for combination vs. PXD101 or
irinotecan). In HT29 xenografts, there was a tendency
toward increased eVectiveness of combined treatment,
although this diVerence did not reach statistical signiWcance
(Fig. 4b). Thus, consistent with the in vitro Wndings, HT29
xenografts were less sensitive to these agents than HCT116
xenografts. Body weight was not signiWcantly diVerent
among colon cancer cell xenograft recipients in the diVer-
ent treatment groups (Fig. 4c, d).

Combined treatment with PXD101 and irinotecan showed 
enhanced eVects on HCT116 xenografts in TUNEL 
and colony-forming assays

To evaluate the apoptotic eVects of agents on xenograft
tumors, the percentage of apoptotic cells was determined
(Fig. 5a). There was a modest increase in apoptosis with
time after treatment with either agent alone. However, the
combination treatment induced a clear increase in apoptosis
above this level, indicating that combined treatment was
more eVective by this measure than either agent alone.

The antiproliferative activity of combined treatment and
treatment with either agent alone in HCT116 xenograft
tumors was assessed using a soft agar colony-formation
assay (Fig. 5b). Combined treatment, and treatment with
PXD101 alone, inhibited colony formation on day 16 by 87
and 50%, respectively, compared with the vehicle-treated
group.

To examine the acetylation status after treatment with
either agent alone or in combination, we analyzed proteins
extracted from xenograft tumors on days 2 and 16 by West-
ern blotting (Fig. 5c). Combined treatment, and treatment

Fig. 4 Antitumor eVects of PXD101 alone or in combination with iri-
notecan in HCT116 and HT29 xenografts. Relative tumor growth
(a) and body weight (c) in HCT116 xenografts (vehicle, n = 8;
PXD101, n = 11; irinotecan, n = 7; P + I, n = 8). P + I, PXD101 and
irinotecan. Relative tumor growth (b) and body weight (d) in HT29
xenografts (vehicle, n = 5; PXD101, n = 6; irinotecan, n = 6; P + I,

n = 7). In vivo experimental schedule of PXD101 and irinotecan are
indicated at the bottom of each graph. Statistical analyses of the eVects
of agents on tumor size were performed using Mann–Whitney tests
(*P < 0.05, combination vs. vehicle; **P < 0.05, combination vs.
agents alone)
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with PXD101 alone, increased H3 acetylation on day 16.
Moreover, each agent alone and both agents in combination
induced p21 expression. Potential additive toxic eVects of
PXD101 and irinotecan on organs were assessed by hema-
toxylin-eosin staining (Fig. 5d). A histologic analysis of
organs (lung, liver, spleen, kidney, and heart) of xenografted
mice after treatment with both agents showed no evident
tissue damage.

[18F]FLT-PET can detect early responses to PXD101 
and irinotecan in HCT116 tumor-bearing mice

HDACIs and irinotecan alone are known to decrease the
expression of TK1 [29, 30], which can be inferred from
PET imaging of [18F]FLT uptake. To assess whether
[18F]FLT-PET imaging is able to detect early responses to
PXD101 and irinotecan in colon cancer and reveal potential

synergies, we imaged xenografts with [18F]FLT-PET on
day 0 and again 8 days after administration of agents
(Fig. 6a). [18F]FLT uptake (mean SUVs), which was
increased by 136.5% in vehicle-treated tumors, was
decreased or unchanged after treatment with agents (Fig. 6b).
SpeciWcally, irinotecan alone and the combined treatment
signiWcantly decreased mean SUVs by 55.2 and 63.7%,
respectively. These results indicate that [18F]FLT-PET may
detect early responses to PXD101 and irinotecan, and sug-
gest that [18F]FLT-PET can serve as an imaging biomarker
for predicting responses to these agents in patients with
colon cancer. However, under the conditions used, we were
unable to detect a synergistic eVect of the combined treat-
ment by [18F]FLT-PET.

After analysis of PET images on day 8, we analyzed the
level of TK1 expression in HCT116 xenograft tumors from
agent-treated mice by Western blotting. The combination

Fig. 5 Analysis of the eVects of agents on HCT116 tumor xenografts.
a Apoptosis in tumors from HCT116 xenografts treated with agents
was analyzed by TUNEL assay on days 2 and 16. Top Representative
tumor sections at the indicated times showing apoptotic cells
(£ 1,000). Bottom Apoptotic index calculated as the percentage of
apoptotic cells among DAPI-stained cells. Unpaired t-test; **P < 0.01
versus combination; ***P < 0.001 versus combination. b The eVects

of PXD101 and/or irinotecan on the survival of tumor cells in HCT116
xenografts were analyzed using a soft agar colony-forming assay.
c The acetylation of H3 and induction of p21 in xenograft tumors were
analyzed by Western blotting on days 2 and 16 after agent treatment.
d Organs from HCT116 xenograft-bearing mice treated with agents
were H&E-stained
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treatment showed a decrease in TK1 protein level com-
pared to each agent alone (Fig. 6c).

Discussion

In this study, we demonstrated that combined treatment
with PXD101 and irinotecan produces enhanced antitumor
eVects in colon cancers compared to treatment with either
agent alone. Because irinotecan-based regimens are used
broadly for the treatment of colon, gastric, and small-cell
lung cancer, strategies to improve the eYcacy of irinotecan
are of signiWcant clinical importance. To the best of our
knowledge, this is the Wrst report that HDACIs synergize
with irinotecan to enhance the antitumor eYcacy of irino-
tecan in colon cancer in vitro as well as in vivo.

Several in vitro studies have examined the combination
of HDACIs and irinotecan in gastrointestinal (GI) malig-
nancies. Piacentini et al. reported that the combination of
Trichostatin A (TSA) and irinotecan inhibited the growth
of pancreatic cancer cell lines by 80% [31]. Zhang et al.
also reported that the combination of TSA with SN38
exerted a synergistic antiproliferative eVect in gastric can-
cer cell lines [32]. Similarly, we showed in a previous in
vitro study that some HDACIs, including suberoylanilide
hydroxamic acid (SAHA), synergized with a folinic acid,
Xuorouracil, and irinotecan (FOLFIRI) regimen in cul-
tured colorectal cancer cells [15]. Consistent with these

studies, we showed here that combined treatment with
PXD101 and irinotecan exerted antitumor eVects in colon
cancer. Taken together, these data provide a rationale for
a novel therapy in patients with GI cancers, including
colon cancer. Combination therapies for human tumors
using HDACIs and irinotecan are currently under active
investigation [35].

Few studies have investigated the precise mechanisms
underlying the synergy between HDACIs and irinotecan. It
has been suggested that because HDACIs induce acetyla-
tion of histone and thereby loosens the chromatin structure,
topoisomerase inhibitor may more easily access DNA,
thereby facilitating DNA damage [11, 33, 34]. Irinotecan
combined with HDACIs may also signiWcantly enhance the
level of ATM (ataxia-telangiectasia-mutated) leading to
apoptosis: irinotecan activates ATM and Chk2 and then
induces apoptosis [36], and besides HDACIs regulate DNA
damage responses, including activation of ATM, and
thereby induce apoptosis [37]. Further studies are needed to
establish the validity of these hypothetical explanations for
the synergistic eVects of HDACI and irinotecan combina-
tions.

In the present study, HCT116 cells were signiWcantly
more susceptible to PXD101 than were HT29 cells both in
vitro and in vivo, in line with previous observations [38].
LaBonte et al. have analyzed the gene expression proWles
that accompany treatment with the HDACIs SAHA and
LBH589 in these two cell lines. Notably, they observed

Fig. 6 [18F]FLT-PET analysis of HCT116 xenografts after adminis-
tration of PXD101 and/or irinotecan (Irino). a Representative
[18F]FLT-PET images of HCT116 xenografts 0 and 8 days after treat-
ment with agents are displayed. Note color bar. Arrows, tumors.
b Quantitative analysis of [18F]FLT-PET expressed as the mean § SD
(n = 6) of standardized uptake value (SUV). *P < 0.05 for D0 versus

D8 by Wilcoxon matched-pairs test; 99P < 0.01 for vehicle versus
agents on D8 by Mann–Whitney test. Bottom Relative tumor growth.
c TK1 expression in HCT116 xenograft tumors analyzed by Western
blotting on day 8 after administration of agents. The ratio of TK1:actin
expression compared to control is shown for each lane
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signiWcant cell-line-speciWc alterations in genes involved in
angiogenesis, mitosis, and apoptosis. These diVerent altera-
tions might explain the diVerential sensitivities of HCT116
and HT29 cell lines to HDACIs, a supposition that should
be validated in further studies.

The discovery of appropriate biomarkers is crucial in the
preclinical and clinical development of new anticancer
agents. There are currently no established biomarkers for
HDACIs. Recently, Leyton et al. showed that the HDACI
LAQ824 decreased tumor [18F]FLT-PET uptake in
HCT116 colon carcinoma xegongrafts [29]. They also
revealed that the change in tumor [18F]FLT-PET uptake
was due to a reduction in TK1 transcription and translation.
In the present study, PXD101 treatment either prevented an
increase in [18F]FLT uptake (PXD101 alone) or decreased
[18F]FLT uptake (in combination with irinotecan). These
treatments also reduced TK1 levels in tumor xenografts
compared with those in vehicle-treated mice. Taken
together, these data suggest the utility of [18F]FLT-PET for
monitoring the biological activity of HDACIs. Further stud-
ies are needed to conWrm the value of this non-invasive
imaging biomarker to monitor the biological activities of
HDACIs.

There are some limitations to the present study. First, in
contrast to combination index results, we did not observe a
synergistic antitumor eVect of PXD101 in combination
with irinotecan in colon xenografts. This might be due to
tumor microenvironment. Microenvironmental factors such
as blood vessels, the extracellular matrix, cytokines, and
growth factors on the action of these agents can aVect the
sensitivity of tumor cells [39, 40]. Hypoxia region and acid-
ity of solid tumor can inXuence the action of these agents
[41–43]. In addition, HDACIs can have various eVects on
many genes which may aVect both the tumor cells and their
microenvironment. Thus, eVects of these agents under these
complex microenvironments seem to be weaker than in in
vitro. Another limitation of this study is only one dose of
these agents, selected on the basis of previous reports [44],
was administered. Thus, it is possible that the use of several
doses, including lower doses, might have revealed syner-
gistic eVects.

In conclusion, our studies show that the combination of
PXD101 and irinotecan might be a promising therapeutic
regimen for the treatment of colon cancer and provide sup-
port for clinical trials of PXD101 and irinotecan combina-
tions.
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