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Abstract

The use of heat shock protein 90 inhibitors like 17-allylamino-17-demethoxy-geldanamycin (17-AAG) has
been recently introduced as an attractive anticancer therapy. It has been shown that 17-AAG may potentiate
the inhibitory effects of some classical anticolorectal cancer (CRC) agents. In this study, two panels of
colorectal carcinoma cell lines were used to evaluate the effects of 17-AAG in combination with
capecitabine and oxaliplatin as double and triple combination therapies on the proliferation of CRC cell
lines. HT-29 and all HCT-116 cell lines were seeded in culture media in the presence of different doses of
the mentioned drugs in single, double, and triple combinations. Water-soluble tetrazolium-1 (WST-1) assay
was used to investigate cell proliferation 24 h after treatments. Then, dose-response curves were plotted
using WST-1outputs, and ICsy values were determined. For double and triple combinations respectively 0.5
x ICsp and 0.25 x ICsy were used. Data was analyzed with the software CompuSyn. Drug interactions were
analyzed using Chou-Talalay method to calculate the combination index (CI).The data revealed that 17-AAG
shows a potent synergistic interaction (CI < 1) with oxaliplatin and capecitabine in double combinations (0.5
x ICsp) in both cell lines. In the case of triple combinations, the findings showed an antagonistic interaction
(CI > 1) in HT-29 and a synergistic effect (CI < 1) in HCT-116 (0.25 x ICsp) cell lines. It was concluded that
double combinations of 17-AAG with oxaliplatin or capecitabine might be effective against HCT-116 and
HT-29 cell lines. However, in triple combinations, positive results were seen only against HCT-116. Further
investigation is suggested to confirm the effectiveness of these combinations in clinical trials.
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INTRODUCTION therapy drug for the treatment of metastatic
CRC (6). This drug is effective in combination

Colorectal cancer (CRC) is the third leading with other anticancer drugs 5-fluorouracil (5-

cause of death worldwide (1,2). Treatment of
CRC depends on the location, size, and extent
of cancer spread as well as the health of
the patient.

One major target of cancer therapy is to
predict patient response to chemotherapeutic
agents using drug response assays or drug
sensitivity assays (3). Oxaliplatin and
capecitabine alone or in combination with
other cytotoxic agents are clinically active in
the treatment of CRC (4,5).

Oxaliplatin, classified as an alkylating
agent, is an anti-cancer (cytotoxic) chemo-
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FU) or capecitabine and leucovorin (7). The
cytotoxic agent capecitabine, which
metabolizes to 5-FU, is a thymidylate synthase
inhibitor and interferes with DNA synthesis
(8-10). Although these drugs are routinely
used in the treatment of CRC, some problems
such as drug resistance and side effects raise
new challenges to find novel cytotoxic drugs
to improve patient outcomes (11,12).
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17-allylamino-17-demethoxygeldanamycin
(17-AAG) is a new chemotherapeutic agent
that inhibits heat shock protein 90 (Hsp90),
deactivates oncogenic  proteins, induces
apoptosis, and displays antitumor effects (13).

In the present study, it was hypothesized
that using the minimum tolerable doses of 17-
AAG, oxaliplatin, and capecitabine in groups
of double and triple combinations might have
better antitumor effects in human colon
carcinoma cell lines of HT-29 and HCT-116.
The present study evaluated the impact of two
common drugs in combination with the novel
cytotoxic drug 17-AAG on CRC cell lines.

MATERIALS AND METHODS

Cell culture and treatments

HT-29 (NCBI Code: C-466) and HCT-116
(NCBI Code: C-570) colon cancer cells were
purchased from Iran Pasteur Institute (Tehran).
Cultures were maintained in a humidified
incubator at 37 °C in 5% CO02-95% air in
Dulbecco's  Modified Eagle's Medium
(DMEM) supplemented with 10% fetal bovine
serum and 0.5% Pen-Strep. Cell culture
materials were obtained from Biowest (USA).
Capecitabine was purchased from Sigma-
Aldrich (USA). Oxaliplatin and 17-AAG were
procured from LC Corporation (USA). Stock
solutions of drugs were prepared in water at
concentrations of 10 mg/mL capecitabine and
oxaliplatin and 50 pg/mL 17-AAG and stored
at -80 °C until use. Cells were seeded in a
96-well plate at a density of 1 x 10%/well 24 h
before the treatment. Single dose and
combined doses of drugs were diluted in free
DMEM, and the solution was mixed by
pipetting. Then, both cell lines treated with
different doses of each single drug for 24 h.
The cytotoxic effect of each single drug was
tested at six different concentrations 0.5, 1, 2,
4, 8, and 16 uM/mL for capecitabine and
oxaliplatin, and 5, 10, 20, 40, 80, and 160
nM/mL for 17AAG in each type of cell line.
Double-combination drugs (capecitabine and
oxaliplatin, capecitabine and 17-AAG,
oxaliplatin and 17-AAG) were tested at four
different concentrations (2 x ICsq, 1 x ICsg, 0.5
x ICso, and 0.25 x ICs) for each cell line. The
effects of triple combinations (capecitabine,
oxaliplatin, and 17-AAG) were also examined
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at three different concentrations (1 x ICsg, 0.5
x ICsp, and 0.25 x ICsp) on each cell line. Each
test was performed in triplicate for each drug
concentration.

Water-soluble tetrazolium-1 assay

The cell proliferation assay kits were
obtained from TAKARA BIO INC (Japan).
Cell viability was assayed based on the
cleavage of the tetrazolium salt, water-soluble
tetrazolium-1 (WST-1), to dark red formazan.
Twenty-four hours after single, double, or
triple drug combination therapy, 10 pL of
WST-1 solution was added to each well. After
two hours of incubation, absorbance was
determined at 420 nm with a reference
wavelength > 650 using the enzyme-linked
immunosorbent assay microplate reader.

Dose-effect analysis

ICso values were determined on the basis of
dose response curves from the WST-1 assay
and calculated using CompuSyn software,
V. 2.0 (Biosoft, Cambridge, UK). Drug
interactions were classified by determining a
combination index (CI) recognized as the
standard measure of combination effect based
on the Chou-Talalay method. This method
shows two and three drug interactions. The CI
values were obtained over a range of fractional
cell kill levels (Fa) from 0.05 to 0.95 (5-95%
cell kill). Based on the Chou-Talalay method
(14-17), CI < 1 means synergism, CI = 1
means additivity, and CI > 1 is interpreted as
antagonism. When the interaction between two
drugs leads to an increase in the effects of one
or both drugs, the interaction is called a
synergistic effect. An additive effect is defined
as the situation in which the final effect is
equal to the sum of the effects of the two
drugs. Drug interactions are interpreted as
antagonistic when they lead to a decrease in
the effects of one or both drugs (14-17). Data
obtained from the CI method was used to
determine the dose-reduction index (DRI) for
two and three drug combinations. The DRI
indicated the fold-decrease of each single
agent when two and three drugs were used in
combination to achieve a particular Fa. To
assay the combination effect, lower
combination doses among the groups having a
synergistic response (CI < 1) were chosen, and



the cytotoxic effects of double or triple
combination therapies with single drug therapy
(ICsp value) were compared.

Statistical analysis

Data are presented as the mean (+ SD) of at
least three replicates. ICsy values were calculated
from concentrations Vvs. cell viability using
Compusyn software (Combusyn, Inc., Paramus,
USA) and GraphPad Prism version 4.0
(GraphPad  Software Inc., San Diego,
California). The differences between more than
two means were detected using one-way analysis
of variance (ANOVA) with SPSS software, V.
10.0 (SPSS Inc, Chicago, Illinois) and P < 0.05
was considered as the significance level.

RESULTS

Effects of oxaliplatin, capecitabine, and
17-AAG on cell proliferation

The cytotoxic effects of the tested drugs

Cell toxicity of 17AAG in combination with other

after 24 h of exposure in a panel of two cancer
cell lines were plotted as the percentage of
viable cells to the control cells and are
presented in Fig. 1. As shown in Fig. 1, the
exposure of these cells to different
concentrations of a single drug (oxaliplatin,
capecitabine, or 17-AAG) increased the
growth inhibitory effect significantly in a
dose-dependent manner. Based on the results,
the HT-29 and HCT-116 cell lines had
different levels of sensitivity to the treatment.
Higher ICso values for each of the three
examined drugs in HT-29 compared with
HCT-116 might be a sign of chemoresistance
in the HT-29 cell line.

The ICsy values of oxaliplatin, capecitabine,
and 17-AAG in the mentioned cell lines were
determined using CompuSyn software, Chou-
Talalay method (14,15), and on the basis of
dose response curves from the WST-1 assay;
the results are presented in Table 1.
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Fig. 1. Cytotoxic effects of (A), 17-allylamino-17-demethoxygeldanamycin; (B), capecitabine, and (C), oxaliplatin in
single drug treatments with different doses on HT-29 and HCT-116 cell proliferation. Sensitivity to three antineoplastic
agents was determined by cell viability test, water-soluble tetrazolium-1 on HT-29 and HCT-116 cells. Each plot
represents the average of at least 3 experiments. Data presented as mean =+ standard deviation.
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Tablel. Ratio of ICsy between oxaliplatin, capecitabine, and 17-AAG in HT-29 and HCT-116.

Cell line 17-AAG (nM) Capecitabine (uM) Oxaliplatin (UM)
HT-29 62.0+31.1 327+042 4.60+3.53
HCT-116 143 +£5.88 1.63 +£0.33 1.74 £0.75

The ICs, values were calculated based on dose response curves from the water-soluble tetrazolium-1 (WST-1) assay of
each single drugs treated cell lines (CampuSynsoftware). Data presented as mean =+ standard deviation. (17-AAG), 17-
allylamino-17-demethoxygeldanamycin.
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Fig. 2. Water-soluble tetrazolium-1 (WST-1, cell viability assay) results of capecitabine, oxaliplatin, and 17-AAG in
double combinations (2 x ICsq, 1 % ICsq, 0.5 x ICs, and 0.25 x ICs) and triple combinations (1 x ICsg, 0.5 x ICs,, and
0.25 x ICs) at different concentrations of each drug on (A), HCT-116 and (B), HT-29 cells. Data are presented as mean
+ standard deviation. (17-AAG), 17-allylamino-17-demethoxygeldanamycin; (Cap), capecitabine; (Ox), oxaliplatin. *
Significant differences between double combination compared with single treatments of each individual
drug (P < 0.05). ** Significant differences of triple drug treated cases in compared to double combinations of each
drugs (P < 0.05).

Effects of 17-AAG, capecitabine, and in 0.5 x ICsy concentration of each drug

oxaliplatin combinations showed enhanced cytotoxicity in both cell
Different concentrations of oxaliplatin, lines compared with higher concentrations of

capecitabine, and 17-AAG were selected based each single agent (ICs).

on the initial experiments mentioned in the Cell viability decreased significantly in all

methods section to assay the effects of drug double combinations (0.5 x ICsy concentration

combinations on the HT-29 and HCT-116 cell for each drug) compared to single treatment (P
lines. WST-1 results from double and triple < 0.05). As shown in Fig. 2, 17-AAG-

combination cases are presented in Fig. 2. capecitabine and 17-AAG-oxaliplatin at 0.5 x
The tested concentrations 0.5 x ICsy in ICsp concentrations had highest effects
double and 0.25 X ICsg in triple combination compared to other double combinations at the
showed synergistic responses after 24 h of same concentrations in both HCT-116 and
treatment with the exception of triple HT-29 cell lines (P < 0.05).
combination on HT-29 cell line. In both cell lines oxaliplatin-capecitabine
In the case of double combination (conventional drug combination in CRC
treatments, drug concentrations were 0.5 X treatment) had lower efficacy than 17-AAG
ICso, which were 1.7 and 0.75 puM of combinations with oxaliplatin and capecitabine
capecitabine, 1.9 and 0.75 uM of oxaliplatin, and did not reach to significant levels
and 35 and 9.45 nM of 17-AAG for HT-29 (P > 0.05). According to our results double
and HCT-116 cells, respectively. The combinations exhibited more effects than
combinations of  oxaliplatin-capecitabine, monotherapy at 0.5 x ICsy concentrations in

capecitabine-17AAG, and oxaliplatin-17AAG both cell lines (P < 0.05).
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Table 2. Dose reduction index in double and triple combinations of 17-AAG, capecitabine, and oxaliplatin in HCT-116
and HT-29 cell lines.

ORI CAP-OX CAP-17AAG OX-17AAG CAP-OX-17AAG
ox CAP  17AAG CAP  17AAG  OX 17AAG ox CAP
HeTie 340+ 287+ 470+ 365¢ 36+ 372+  6124= 2690+ B2t
0.26 0.20 2.53 130 22 143 17.59 3.84 3.50
255+ 134+ 885+ 171+ 89+ 337z
HT29 6.20 2.70 3.40 8.50 1.03 490 0 0 0

For evaluating the effects of combined drugs, lower doses of combinations were selected from the groups with a
synergistic response (combination index (CI) < 1) to compare the cytotoxic effects of double- or triple-combination
treatments compared to single-drug therapy (ICso value). Data from the CI test was utilized to determine the dose-
reduction index (DRI), which shows the fold-reduction of each single drug when two or three drugs act in combination.
(17-AAG), 17-allylamino-17-demethoxygeldanamycin; (Cap), capecitabine; and (Ox), oxaliplatin.

Table 3. Interaction of fractional cell kill effect and combination index between 17-AAG, capecitabine, and
oxaliplatin in HCT-116 and HT-29 cell lines.

Interaction CAP-OX CAP-17AAG OX-17AAG CAP-OX-17AAG
Fa (HCT-116) 0.50 £ 0.017 0.62 +0.09 0.59 £0.08 0.86+0.01
Fa (HT-29) 0.71 £0.02 0.73 £0.04 0.74 £ 0.01 0.33 +0.04
CI (HCT-116) 0.67 +0.03 0.56 +0.32 0.60 +0.24 0.08 =0.01
CI (HT-29) 0.11 +£0.02 0.19£0.07 0.14 £ 0.01 2,90+ 1.20

To categorize drug interactions, the combination index (CI) was used as the standard measure of combination effects
based on Chou-Talalay methods (14,15). CI values were interpreted as such: CI < 1 indicates synergism, CI = 1
indicates additivity, and CI > 1 indicates antagonism. The fractional cell kill effect (Fa) from various dose combinations
of two and three agents gave the defined fraction of killed cells. In evaluating the effects of combined drugs, lower
doses of combinations were selected from the groups with a synergistic response (CI < 1) to compare the cytotoxic
effects of double- or triple-combination treatments compared to single-drug therapy (ICs, value).

The drug concentrations for triple combinations, especially against the HT-29
combinations were 0.25 x ICs, 1.e. 0.85 and cell line. Triple combinations showed an
0.37 uM of capecitabine, 0.95 and 0.37 uM of antagonistic effect in all utilized
oxaliplatin, and 17.5 and 4.73 nM of 17-AAG concentrations against HT-29 cells. However,
for HT-29 and HCT-116 cells. The all concentrations of triple combinations
combination of three drugs in very low showed synergistic effects against HCT-116
concentrations (0.25 x ICsg) had higher cells. Moreover, the triple combination with
efficacy than single and double treatments in 0.25 x ICsp had a greater effect (higher DRI
HCT-116 (P < 0.05) (Fig. 2A). For HT-29 cells and Fa values) against HCT-116 cell line.
treated with triple combination, cell viability

decreased non-significantly (P > 0.05) and a DISCUSSION
sort of antagonistic effect was observed
(Fig. 2B). Capecitabine plus oxaliplatin therapy is
Although double drug combinations in the considered to be the first-line treatment for
current study showed synergism in both cell metastatic CRC in clinics (18,19). Some newer
lines, notably better results (higher DRI and Fa agents like 17-AAG (as HSP90 inhibitors),
values) were obtained in HT-29 than HCT-116 have been proposed to decrease problems such
cell line under similar combinations. as drug resistance. In this regard, studies of the
Furthermore, in HT-29 cell line under double clinical effectiveness of HSP90 inhibitors have
combinations, even other examined shown encouraging results (13,20-22). 17-
concentrations (1 x ICso and 0.25 x ICsg) AAG has shown moderate efficacy as a single
indicated greater activity compared to single agent in colorectal cell lines. Therefore, the
treatments (P < 0.05). current study examined whether the addition
As shown in Tables 2 and 3, higher DRI of 17-AAG to capecitabine and oxaliplatin
and Fa values were obtained from double could improve therapeutic indices of the HT-29
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and HCT-116 cell lines. According to the
results, the cytotoxic effect of each agent alone
increased with increasing concentrations.
Moreover, higher ICs, values were obtained in
all single-drug treatment groups against HT-29
compared with HCT-116. Therefore, it can be
deduced that HT-29 is more resistant to these
drugs. Richard, et al., reported that in single-
drug treatments by 5-FU and oxaliplatin, the
HT-29 cell line had a higher ICs, values. Thus,
HT-29 is more resistant than HCT-116 (23). In
a survey by Gaur, et al., monotherapy with
oxaliplatin and dovitinib (ICsyp doses)
increased the proapoptotic cell population 1.8-
fold in HCT-116 cells, but their combination
increased this value to approximately 3-fold.
In contrast to the current results, HT-29
showed no cell death in the presence of
oxaliplatin alone, which points to HT-29
resistance to oxaliplatin (24). This incoherence
between the results of Gaur, et al., and those of
the current study may be due to the different
dose regimens and treatment times in the two
studies. In another study by Davis, et al., it
was shown that 17-AAG as a single agent did
not induce apoptosis in HT-29 and HCT-116,
which is in contrast with the results of the
current study which found decreased cellular
viability by 17-AAG in both cell lines.
However, Davis, et al. reported that the
combination of 17-AAG with oxaliplatin and
fluorouracil increased the fraction of apoptotic
cells in these cells. The concentrations of 17-
AAG in these combinations were 3-fold lower
than the single-agent treatment for 17-AAG in
both cell lines (25).

Rakitina, et al. evaluated the effects of 17-
AAG and oxaliplatin against HT-29 and HCT-
116 cells. In single-drug treatments, they
found HT-29 cells to be more sensitive than
HCT-116 cells; in contrast to the current
results, however, they reported antagonistic
relationships in the case of the oxaliplatin-17-
AAG combination on the HT-29 cell line.
They also reported the additive effect of this
combination against HCT-116 which is
consistent with data from the current study
(26). In another study, Vasilevskaya, et al.
evaluated the  cytotoxic  effects of
combinations of 17-AAG or geldanamycin
(GA) with cisplatin (DDP) against HT-29 and
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HCT-116 cells. Against both cells the effects
of GA and 17-AAG with DDP were additive,
but against HT-29, both GA and 17-AAG
antagonized DDP effects (27). Su, et al.
evaluated the effects of Hsp90 inhibitors
(NVP-AUY922) alone and in combination
with berberine against multiple oncogenic
signaling pathways for the treatment of CRC.
They reported that Hsp90 inhibitors have a
high therapeutic potential in CRC based on a
combinatory analysis Gene Expression
Omnibus repository and chemical genomic
database of Connectivity Map. Their results
also revealed that second generation Hsp90
inhibitors significantly down-regulated the
regulating cell growth arrest and death kinases
activity in NVP-AUY922-sensitive CRC cells.
Combining berberine with HSP90 inhibitor
had a potential inhibitory effect in survivin
(member of the inhibitor of apoptosis)
expression. This agent in combination with
NVP-AUY922 resulted in  synergistic
antiproliferative effects for NVP-AUY922-
sensitive and -insensitive CRC cells (28). In
another study, Mohammadi, et al., showed that
HSP90 inhibitors improve the antiproliferative
and apoptotic properties of celecoxib on HT-
29 CRC cells by increasing the Bcl-2-
associated X protein (BAX)/B-cell lymphoma
2 (BCL-2) ratios. Based on MTT results, they
showed an increase in the inhibitory effects of
celecoxib when combined with 17-AAG,
particularly at low celecoxib concentrations.
Flow cytometry analysis indicated that
apoptosis induction is possibly a mechanism of
the additive inhibitory effects of 17-AAG in
combination cases. Furthermore, BAX and
BCL-2 protein levels were determined by
western blotting. The BAX/BCL-2 ratio in
combination therapy was increased compared
with the single-drug therapy (29).

Some possible mechanisms of the
synergistic effect of 17-AAG combined with
oxaliplatin and capecitabine have been
proposed. It is proven that HSP90-dependent
proto-oncogene tyrosine-protein kinase Src
(Src) activation plays a key role in suppressing
thymidylate synthase expression and tumor
growth in CRC cell line. Based on these
results, it is proposed that HSP90-dependent
Src activation after 5-FU treatment led to an



increase in thymidylate synthase expression in
mRNA and protein levels, leading to 5-FU
resistance. It seems that 17-AAG as an HSP90
inhibitor caused the suppression of Src and
then led to 5-FU sensitivity (synergism effects)
(30,31). Conversely, survivin plays an
important role in the suppression of apoptosis
through a caspase-dependent mechanism. In
the case of synergism effects in oxaliplatin
combination cases, it could be suggested that
the  oxaliplatin  treatment  significantly
decreased survivin expression in cancer cells.
Also, the oxaliplatin treatment led to an
increase in apoptotic cells and caspase-3
activity with a decrease in cell viability
(32,33). The results of previous studies have
indicated that patients with survivin-positive
tumors had a decreased apoptotic index and
decreased survival rates compared with
patients with survivin-negative tumors (34,35).
Based on these findings, the double
combinations examined in the current study
seem to be more effective against the HT-29
cells. The synergistic effect of all double
combinations on HCT-116 and HT-29 cell
lines indicates that combination of 17-AAG
with oxaliplatin or capecitabine could be a
promising treatment for CRC. However, in the
case of HT-29, it is proposed that future
studies be conducted to find more effective
doses in double combinations which do not
cause antagonist effects as proposed by
Rakitina, et al. (26). Surprisingly, antagonistic
effects were found in triple combinations of all
different doses against HT-29 cell line.
Moreover, triple combinations used against
HCT-116 cells showed synergistic effects in
all doses. Thus, triple combinations could be
considered as effective treatments in HCT-116
CRC. Using a 0.25 x ICsy dose of every single
drug in the triple combination resulted in
higher DRI and Fa values and acceptable
results comparing ICsy doses of single agents.
Davis, et al. showed that the combination of
17-AAG, oxaliplatin, and fluorouracil
increased the fraction of apoptotic cells in HT-
29 and HCT-116 cell lines (25). Data from the
current study revealed that the antagonistic
effects weren't completely relevant by only
WST-1 test. This result should be confirmed
with complementary tests such as the
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clonogenic cell survival assay and various
methods for detection of apoptotic cells.
However, some probable mechanism may be
involved in antagonistic effects in triple drug
combinations.

The antagonistic effects seen in triple drug
combinations could suggest that HSP90
inhibitor agents such as 17AAG induce the
survivin expression in CRC cell lines. The
upregulation of survivin in HT-29 at high level
might have led to inhibiting of apoptosis in
these situations. Suppression of survivin
contributed by increasing drug sensitivity to
HSP90 inhibitor agents in HT-29 cells (36).
However, HT-29 compared with HCT-116 had
higher expression levels of EPHB2, ITG-1,
and Myc; overexpression of these genes is
related to the acquisition of anticancer drug
resistance (37). To the best of the authors’
knowledge, no study has reported the effects
of  17AAG/oxaliplatin/capecitabine triple
combinations in any cell lines. However, some
previous surveys have shown the efficacy of
other triple combinations against CRC. Flis,
et al. showed that the addition of sulindac
sulfide as a cyclo-oxygenase inhibitor to
oxaliplatin and 5-FU synergistically raised the
inhibitory effects of 5-FU and oxaliplatin on
CRC survival, parallel to the induction of
apoptosis (16). Fischel, et al. studied two CRC
cell lines (WIDR and SW620) and reported the
synergistic effect of fluorouracil-folinic acid
and oxaliplatin. In the current study, the
combination of folinic acid-fluorouracil and
SN38 (the active metabolite of irinotecan) had
an antagonistic effect on WIDR and SW620
CRC cell lines (38). Vamvakas, et al. proved
the effectiveness of combination therapy with
capecitabine, oxaliplatin, and bevacizumab on
elderly metastatic CRC patients (39). One
major problem for current anticancer therapies
is chemotherapy-induced high levels of
toxicity (40). So the findings of the present
study suggest that adding 17-AAG (at lower
doses) in triple combinations to the mentioned
classical antitumor agents resulted in greater
cytotoxic effects in HCT-116 CRC, which was
probably accompanied by a reduction in side
effects and in the patient’s burden.

The present survey had some limitations.
Financial limitations and a lack of equipment
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prevented the evaluation of more than two
CRC cell lines with further cell viability and
apoptosis tests such as DNA fragmentation gel
electrophoresis assay. The lack of financial
support also prevented researchers from
confirming the antagonistic effects by further
assessment such as clonogenic survival assay.
No prior, detailed studies assessing triple drug
combinations related to factors which could
affect treatment outcome were found.
Subsequently, more studies are required to
establish the efficacy of clinical treatments
using 17-AAG in combination with other
drugs for clinical use.

CONCLUSION

Data presented in this study supports the
clinical use of double combinations of 17-
AAG and oxaliplatin or capecitabine against
HCT-116 and HT-29 CRC cell lines. As an
HSP90 inhibitor, 17-AAG might have the
potential to enhance oxaliplatin and capecitabine
cytotoxicity in triple combinations against
HCT-116 cells. However, future experiments are
needed to evaluate the effect of these
combinations in diverse doses and times. As
the clinical use of double and triple
combination therapies presented in this survey
may cause combined toxicity in patients,
further investigations are needed to investigate
their efficacy in clinical treatments.
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