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Abstract

AIM: To examine the ability of cyclin-dependent kinase
inhibitor (CDKI) roscovitine (Rosco) to enhance the
antitumor effects of conventional chemotherapeutic
agents acting by different mechanisms against human
colorectal cancer.

METHODS: Human colorectal cancer cells were treat-
ed, individually and in combination, with Rosco, taxol,
5-Fluorouracil (5-FU), doxorubicin or vinblastine. The
antiproliferative effects and the type of interaction of
Rosco with tested chemotherapeutic drugs were de-
termined. Cell cycle alterations were investigated by
fluorescence-activated cell sorter FACS analysis. Apop-
tosis was determined by DNA fragmentation assay.
RESULTS: Rosco inhibited the proliferation of tumor
cells in a time- and dose-dependent manner. The ef-
ficacies of all tested chemotherapeutic drugs were
markedly enhanced 3.0-8.42 x 10° and 130-5.28 x 10°
fold in combination with 5 and 10 ug/mL Rosco, re-
spectively. The combination of Rosco and chemothera-
peutic drugs inhibited the growth of human colorectal
cancer cells in an additive or synergistic fashion, and
in a time and dose dependent manner. Rosco induced
apoptosis and synergized with tested chemothera-

www.wjgnet.com

peutic drugs to induce efficient apoptosis in human
colorectal cancer cells. Sequential, inverted sequential
and simultaneous treatment of cancer cells with combi-
nations of chemotherapeutic drugs and Rosco arrested
the growth of human colorectal cancer cells at various
phases of the cell cycle as follows: Taxol/Rosco (G,/M-
and S-phases), 5-FU/Rosco (S-phase), Dox/Rosco (S-
phase) and Vinb/Rosco (G,/M- and S-phases).
CONCLUSION: Since the efficacy of many anticancer
drugs depends on their ability to induce apoptotic cell
death, modulation of this parameter by cell cycle inhibi-
tors may provide a novel chemo-preventive and chemo-
therapeutic strategy for human colorectal cancer.
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INTRODUCTION

Colon cancer is the second leading cause of cancer death
in the United States and is one of the most common
cancers in Western countries'. Tack of improvement in
overall survival and failure of the current systemic thera-
pies have mandated that new approaches to this disease
be explored.

A hallmark of neoplastic evolution and progression
1s deregulation of cell cycle control mechanisms. The
key regulators of transition from one cell cycle phase
to the next are the cyclin-dependent kinases (CDKs).
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CDKs are serine/threonine kinases that regulate cell
cycle progression in a highly coordinated manner”. A
CDK enzyme complex becomes fully active after bind-
ing of its proper cyclin. Progression through cell cycle is
mediated by the orchestrated activation and breakdown
of CDK complexesm.

A basis for selectivity of CDK-directed therapies
against neoplastic cells might arise from the fact that al-
teration of CDK structure and function plays a key role
in the pathogenesis of neoplasiam. At least one of the
following changes is almost ubiquitously evident in hu-
man neoplasms: overexpression of cyclin D; amplifica-
tion or structural alteration of CDK4; deletion or muta-
tion of plGINK4A; mutation of the CDK4 or 6/cyclin D
substrate pr; and loss of p21WAF1/ CIpiA

deletion or mutation of its transactivator P53. In rela-
KIP1

function through
tion to colon cancer, p27" " loss has been found to oc-
cur not by gene deletion or mutation, but by increased
proteolysis of the CDK inhibitor (CDKI)™. Therefore,
replacement of at least some of the missing capacity to
inhibit cell cycle progression may restore some measure
of cell cycle control. In contrast to their normal coun-
terparts, transformed cells proliferate very rapidly due to
the enhanced activity of the CDKY, Thus, inhibition of
CDK/cyclin complexes offers a promising therapeutic
strategy in the defense against cancer™.

Many types of potential CDK modulators are con-
ceivable. These include molecules that directly inhibit
ATP or protein substrate binding; alter regulatory phos-
phorylations of the catalytic subunit; inhibit CDK cata-
Iytic subunit binding with its respective cyclin or other
accessory proteins; mimic the action or increase the ex-
pression of endogenous CDK inhibitors, p16™~** (or its
homologues, plSINKAB’ p181N1<4<:’ and plgmkm)’ p21W‘AF1,
and p27""; interfere with the proper appearance and
disappearance of cyclins; and finally alter normal signals
for import of CDKs into the nucleus or localization to
appropriate subcellular structures'.

Pharmacological inhibitors of CDKs display selec-
tive anti-proliferative effects on cycling cells, especially
malignant ones'”. Depending on the selectivity profile of
these novel drugs, growth inhibition in different phases
of the cell cycle is observed™. Compounds targeting
the activity of CDK4/6 block cells in early G, whereas
selective inhibitors of CDK1/2 arrest cell cycle in G,/S
and G,/M", Interestingly, some inhibitors, especially
those targeting the activity of CDK2, are able to selec-
tively induce apoptosis in cancer cells™"".

CDKIs, representing a well-defined group of bio-
logically active compounds, are structurally related to
adenosine-5-triphosphate, ATP"*"", They antagonize
binding of kinases to ATP. Differentially substituted
adenines yielded a group of inhibitors such as roscovi-
tine (Rosco), olomoucine and purvalanol”. These close
analogs, characterized by increasing potency, differ in
selectivity. Due to their selectivity and relative low direct
cytotoxicity, CDKIs cleatly provide useful anticancer
drugs and offer an alternative to classic chemotherapeu-
tics. In the present study, we have investigated whether
Rosco could inhibit the growth of human colorectal

cancer cells and increase their sensitivity to conventional
chemotherapies.

MATERIALS AND METHODS

Cell culture and reagents

Human colorectal cancer cell lines (SW48, SW1116
and SW 837) were obtained from the American Type
Culture Collection (ATCC, Rockville, Md., USA). Cells
were cultured in Leibovitz’s L-15 medium supplemented
with 10% inactivated fetal bovine serum and 2 mmol/L
glutamine. The L-15 medium formulation was devised
for use in a free gas exchange with atmospheric air.
CO, is detrimental to cells when using this medium for
cultivation. All the other chemicals were purchased from
Sigma Chemical Co.

Time and dose dependency of the antiproliferative
effects induced in human colorectal cancer cells by
treatment with Rosco

Human colorectal cancer cell lines (SW48, SW1116 and
SW837) were plated (27 X 10’ cells/well) into 96-well
plates and incubated at 37°C in a non-CO, incubator.
Cells were treated with various concentrations of Rosco
(0-40 ug/ml) or DMSO (0.3% final concentration) for
vatious time periods beginning at 24 h after seeding the
cells in culture. Control cells were untreated. Cell prolifer-
ation was determined at various time intervals (24-168 h)
by 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay as previously described”.

In vitro efficacy of single and combined treatment of
Rosco and chemotherapeutic drugs on the growth of
human colorectal cancer cells

Human colorectal cancer cell lines (SW48, SW1116
and SW837) were treated with taxol (10"'-10° mol/L),
doxorubicin (10"'-10° mol/L), 5-fluorouracil (5-FU)
(10°-10"* mol/L), vinblastine (10"*-107 mol/L) or com-
binations of the tested chemotherapeutic drug and Ros-
co (5 and 10 pg/mL) for 96 h. At the end of treatment,
control and drug treated cells were scored for prolifera-
tion using the MTT assay.

Analysis of the type of interaction between Rosco and
chemotherapeutic drugs in human colorectal cancer
cells

Human colorectal cancer cell lines (SW48, SW1116
and SW837) were treated with Rosco (1, 10, 15, 20,
25 pg/mL) and chemotherapeutic drugs (0.5 IC-4
1C,) individually and in combination. The effect of the
combinations of Rosco and chemotherapeutic drugs on
cell growth was determined as previously described!™>"”
using the following formulae: SF,,; > (SF,) X (SFy), an-
tagonistic; SF,,z = (SF,) X (SFy); additive; SF, ,; < (SE,)
X (SFy), synergistic, where SF is the sutrviving fraction,
and A and B indicate the agents used alone, while A + B
refers to the agents used in combination.

Cell cycle analysis
Cell cycle phase distribution of human colorectal cancer
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Treatment with taxol and 1C5, (mol/L) Sensitization ratio’
combinations with Rosco SwW48 SW1116 SwW837 SwW48 SW1116 SW837
Taxol 48 x 10" 1.2 x107 3.8 x107 - - -

Taxol + 5 pg/mL Rosco 74 x10" 1.0 x 10°® 5.4 x10° 65 12 7

Taxol + 10 pg/mL Rosco 75% 10" 8.1x10™ 6.7 x10™ 6.4 x 10 15 x 10 5.7 x 10°

'Sensitization ratio = ICx, (taxol)/ICs, (taxol + Rosco).

cells treated with Rosco, chemotherapeutic drugs and
their combinations was determined by flow cytometry
as previously described"”. Human colorectal cancer
cells (SW837, 5 X 10° cells/well in 24 well plates) were
treated with taxol (12 X 10® mol/L, 72 h), doxorubi-
cin (8 X 107 mol/L, 72 h), 5-FU (4.8 X 10” mol/L,
72 h), vinblastine (2.6 X 10" mol/L, 72 h), Rosco
(15 pg/mL) and combinations of Rosco and chemo-
therapeutic drugs. The combinations were added in a
sequential manner, drug (24 h) followed by Rosco (48 h);
inverted sequential manner, Rosco (24 h) followed by
drug (48 h) and simultaneous manner (72 h). The tested
cells were collected by trypsinization, and then washed
with cold phosphate-buffered saline, and counted us-
ing a cell counter. A sample of 3 X 10° cells/ml. was
processed using DNA-Prep kit (Beckman & Coulter,
Fa., USA) and a DNA-Prep Epics workstation (Beck-
man & Coulter). During this process, the cell sample was
treated with a cell membrane-permeabilizing agent and
then with propidium and RNase enzyme. The sample
was then incubated at room temperature for at least 15
min before analysis by aligned flow cytometry (Epics
XL, Beckman & Coulter). The percentage of cells in dif-
ferent cell cycle phases was evaluated using the Phoenix
statistical software package, advanced DNA cell cycle
software (Phoenix Flow System, San Diego, Calif., USA).

DNA fragmentation analysis

DNA fragmentation assay was performed as previ-
ously described!. Briefly, colorectal cancer cells (5 X
10° cells/well, SW1116 and SW837) were treated with
taxol (1.2 X 107 mol/L), doxorubicin (8 x 107 mol/L),
5-FU (4.8 x 10” mol/L), vinblastine (2.6 X 107 mol/L),
Rosco (15 pg/mL) and the combinations of Rosco, and
tested drugs for 72 h. The cell pellets were lysed with
100 pumol/IL of hypotonic buffer (10 mmol/L Tris (pH
8.0), 20 mmol/L. EDTA containing 0.5 % Ttiton X-100)
for 30 min at 4°C. Following cell lysis, the intact chromatin
(pellet) was separated from DNA fragments (supernatant)
by centrifugation for 15 min at 12000 g. The supernatants
containing DNA were precipitated overnight with 0.5
mol/L NaCl and 50% isoptropyl alcohol at -20°C. Pellets
were recovered by centrifugation at 12000 g for 10 min,
air dried, resuspended in 30 pL of TE buffer supplement-
ed with 1 mg/mL RNase I at 37°C for 30 min, and then
with 2 mg/mL of proteinase K for another 1 h. DNA
samples were supplemented with 3 pL. of sample buffer
(0.25% bromophenol blue, 30% glyceric acid), and elec-
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trophorectically separated on a 1.5% agrose gel containing
0.1 pg/mL ethidium bromide at 80 V for 2 h. DNA frag-

ments were visualized by ultraviolet transillumination.

Statistical analysis
Results are representative of two to three individual
experiments. Errors are expressed as standard errors of

the percentage of the means. Where appropriate, data
were analyzed using ANOVA.

RESULTS

Inhibition of the proliferation of human colorectal cancer
cells by Rosco

In this study, we initially investigated the effect of Rosco
on the proliferation of human colorectal cancer cells using
three human colorectal cancer cell lines (SW48, SW1116
and SW837). The results, shown in Figure 1, indicated that
all cell lines tested were sensitive to micromolar range of
Rosco, in a dose and time dependent manner. Rosco in-
hibited the growth of SW48 after 24-144 h of drug treat-
ment. It affected the growth of the colorectal cancer cell
line SW1116 slightly after 48 h of treatment. However,
a dramatic inhibition of cell growth was observed after
72-144 h of treatment. Rosco slightly affected the growth
of SW837 after 24 h of treatment. However, a marked
inhibition was obsetrved after 48-144 h of treatment with
Rosco.

Modulation of taxol cytotoxicity on human colorectal
cancer cells by combination with CDKI Rosco

The ability of Rosco to enhance the sensitivity of human
colorectal cancer cells to taxol was assessed by treating
human colorectal cancer cell lines SW48, SW1116 and
SW837 with taxol (10"'-10° mol/L) or taxol (10"'-10°
mol/L) and Rosco (5 ot 10 pg/mL) for 96 h. The results
summarized in Figure 2A and Table 1 clearly indicated
that the combination of taxol and 5 “g/ ml. Rosco en-
hanced (65-fold) the anticancer activity of taxol on human
colorectal cancer cell line SW48 (Table 1). The difference
between SW48 growth inhibition produced by treatment
with taxol alone [IC;, (taxol) = 4.8 X 10 mol/1] and that
produced by treatment with the combination of taxol and
5 pg/mL Rosco [IC;, (taxol + 5 pug/mL Rosco) = 7.4 X
10" mol/I] (Table 1) was statistically non-significant (P
= 0.127). The combination of taxol and 10 ug/mL Rosco
greatly increased the sensitivity of human colorectal can-
cer cells to taxol (640-fold) compared to treatment with
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Combined treatment of taxol and Rosco Combination interaction at various durations of treatment in human colorectal cancer cells'
SW48 SW1116 SW837
2d 4d 6d 2d 4d 6d 2d 4d 6d
Taxol 0.5 IC5, + Rosco 1.0 ug/mL ant ant ant ant ant syn ant ant syn
Taxol 1.0 IC5, + Rosco 10 pg/mL ant ant add ant ant ant ant ant syn
Taxol 2.0 IC5, + Rosco 15 pg/mL ant ant ant syn ant ant ant ant ant
Taxol 3.0 IC5, + Rosco 20 pg/mL ant ant ant ant ant ant ant ant ant
Taxol 4.0 IC5, + Rosco 25 pg/mL ant add add syn ant add ant ant ant
'The data are based on the mean of absorbance measurements of 3 independent experiments. ant: Antagonistic; add: Additive; syn:
Synergistic.
taxol alone (Table 1). The difference in SW48 growth in- A o —&- 24h
hibition produced by treatment with combination of taxol = —&—48h
and 10 pg/mL Rosco (IC, = 7.5 X 10" mol/L) and that £ s0 —A-72h
produced by treatment with taxol alone (IC,= 4.8 x 10° g ﬁ iiohh
mol/1) (Table 1) was significant (P = 0.012). 5 60 o 124n
The combination of taxol and 5 pg/mL Rosco had i’
a higher growth inhibitory effect on SW1116 (12-fold) z 40
compared to treatment with taxol alone (Table 1). The 5 20
difference in SW1116 growth inhibition produced by S
treatment with the combination of taxol and 5 pg/mL 0 __——®
Rosco (IC5, = 1 x 10™ mol/T), and that produced by 0 10 20 30 40
treatment with taxol alone (1.2 X 107 mol/L) was non-
significant (P = 0.2506). On the other hand, the combina- B SW1116
tion of taxol and 10 ug/mlL Rosco markedly increased ~
SW1116 growth inhibition (150-fold) compared to £
treatment with taxol alone (Table 1). The difference in 3
SW1116 growth inhibition produced by the combination D\g
of taxol and 10 ug/mL Rosco (ICs,= 8.1 x 10"’ mol/L) e
and that produced by taxol alone (1.2 X 107 mol/L) was g
statistically significant (P = 0.03). %
Treatment of SW837 cells with various concentra- ©
tions of taxol inhibited their growth in a dose dependent
manner with IC;, = 3.8 X 10" mol/L. The combination
of taxol and 5 pg/mL Rosco produced higher SW837
growth inhibition (IC, = 5.4 X 10™ mol/L, sensitization C 100
ratio = 7-fold) than that produced by treatment with taxol S s
alone (Table 1). This difference in SW837 growth inhibi- g
tion was non-significant (P = 0.365). Treatment of SW837 < 60
with the combination of taxol and 10 pg/mL Rosco re- S
sulted in a more significant growth inhibition (IC50 = 6.7 £ 40
x 10" mol/L, sensitization ratio = 570 and P = 0.045) &
compared to that produced by treatment with taxol alone = 20
(Figure 2, Table 1). The combinations of taxol and Rosco © 0 ‘ ‘ ‘
produced additive and/or synergistic effects depending 0 10 20 30 40

upon the type of cell line used, relative concentrations of
the mixed drugs and exposure time (Table 2).

Cell cycle analysis of human colorectal cancer cells
treated with taxol, Rosco ot their combinations added in
sequential (taxol followed by Rosco), inverted sequential
or simultaneous manner was determined by flow cytom-
etry as described in Materials and Methods. Treatment
of colorectal cancer cells with taxol or Rosco resulted
in growth arrest at G,/M phase, 24.9% and 16.6%, tre-
spectively, compared to 4.75% for untreated cells (Fig-
ure 1B). The combination of taxol and Rosco added in
sequential manner growth arrested colorectal cancer cell
in G,/M (21.8%). Also, the same combination added in

Roscovitine concentration (ug/mL)

Figure 1 Time and dose dependent effect of roscovitine on the proliferation of
human colorectal cancer cell lines. Human colorectal cancer cell lines SW48 (A),
SW1116 (B) and SW837 (C) were plated (27 x 10° cells/well) into 96-well plates
and incubated at 37°C in a non-CO, incubator. Twenty four hours after starting the
culture, the cells were treated with various concentrations of Rosco (0-40 ug /mL)
or DMSO (0.3%, final concentration) for various time periods (24-144 h).
Control (0.3% DMSO treated) and Rosco treated colorectal cancer cells were
scored for proliferation using an MTT assay. Roscovitine concentrations 5 ug/mL
and 10 pg/mL were used in the subsequent studies.

an inverted sequential manner growth arrested colorec-
tal cancer cells in G,/M (23.4%), meanwhile when the

www.wjgnet.com
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Figure 2 Potentiation of anticancer effect of taxol on human colorectal cancer cell lines by combination with cyclin dependent kinase inhibitor roscovitine. A: Human
colorectal cancer cell lines were treated with taxol (10™"-10° moliL), or the combination of taxol (10™-10® mol/L) and Rosco (5 pg/mL or 10 pg/mL) for 96 h. At the
end of treatment, control and drug treated cells were scored for proliferation using the MTT assay; B: Cell cycle phase distribution of human colorectal cancer cells
(SW837, 5 x 10° cells/well) treated with taxol (12 x 10 mol/L, 72 h); Rosco (15 pg/mL, 72 h); sequential combination: taxol (12 x 10°® mol/L, 24 h) followed by Rosco
(15 pg/mL, 48 h); inverted sequential combination: Rosco (15 pg/mL, 24 h) followed by taxol (12 x 10° mol/L, 48 h) and simultaneous combination: taxol plus Rosco
(12 x 10® mol/L, 15 pg/mL, 72 h) was evaluated by flow cytometry. The percentage of cells in different phases of the cycle was calculated by cell cycle analysis
software, Multicycle (Phoenix Flow System, San Diego CA, USA); C: Human colorectal cancer cells, SW1116 and SW837 (5 x 10° cells/iwell), were treated with taxol
(12 x 10°® mol/L), Rosco (15 pg/mL), and the combination of taxol plus Rosco (12 x 10 mol/L + 15 pg/mL) for 72 h. DNA fragments were extracted and analyzed on

1% agrose gel.

same combination was used in a simultaneous manner,
colorectal cancer cells were growth arrested in G,/M
(11.6%) and S (47.5%) phases, respectively, (Figure 2B).
The effect of taxol, Rosco and their combination on
inducing programmed cell death in human colorectal
cancer cell lines SW1116 and SW837 was studied using
DNA fragmentation analysis. The combination of taxol
and Rosco induced apoptosis more efficiently compared
to single treatment with taxol or Rosco (Figure 2C).

Modulation of 5-FU cytotoxicity on human colorectal

cancer cells by combination with the CDKI Rosco
The anti-proliferative activities of 5-FU, Rosco and their

www.wjgnet.com

combinations against human colorectal cancer cells are
summarized in Figure 3. The combination of 5-FU
(10°-10" mol/L) and Rosco (5 pg/ml) exerted a very
potent anticancer effect (P < 0.0001) on SW48 with 1C;,
= 5.7 x 10” mol/L compared to IC5,= 4.8 X 10”° mol/L
when SW48 cells were treated with 5-FU alone (Figure
3A). These results indicate that Rosco (5 pg/mL) in-
creased the sensitivity of SW48 to 5-FU by about 8.42
X 10°-fold (Table 3). The same combination inhibited
the growth of colorectal cancer cell lines SW1116 and
SW837 with ICy, values equal to 6.7 X 10° mol/L. and
1.8 X 10° mol/L compared to 1C,; values equal to 2.5 X
10”° mol/L and 4.8 x 10” mol/L obtained when these
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Treatment with 5-FU and combinations 1Cso (mol/L) Sensitization ratio’

win L SW48 SW1116 SW837 SW48 SW1116 SW837
5.-FU 48x10° 25x10° 48x10° - - B
5-FU + 5 pg/mL Rosco 5.7 x 10° 6.7 x10° 1.8 x10° 8.42 x 10° 373 26.7
5-FU + 10 ug/mL Rosco 5.7 x 10° 1.0 x 107 9.1 x10” 8.42 x 10° 250 5.28 x 10°

!Sensitization ratio = ICs, (5-FU)/1Cs, (5-FU + Rosco).

Combined treatment of 5-FU and Rosco

Combination interaction at various durations of treatment in human colorectal cancer cells'

SW48 SW1116 Sw837
2d 4d 6d 2d 4d 6d 2d 4d 6d
5-FU 0.5 IC;, + Rosco 1.0 ug/mL ant ant ant syn syn syn ant ant add
5-FU 1.0 IC5, + Rosco 15 pg/mL ant ant ant syn syn syn ant syn add
5-FU 2.0 IC5, + Rosco 20 pg/mL ant ant ant syn add add add ant ant
5-FU 3.0 IC5, + Rosco 25 pg/mL ant ant add ant ant ant add ant ant

'The data are based on the mean of absorbance measurements of 3 independent experiments; ant: Antagonistic; add: Additive; syn: Synergistic.

cells were treated with Rosco alone, respectively, (Figure
3A, Table 3). Rosco (5 pg/mL) incteased the sensitivity
of SW1116 and SW837 to 5-FU by about 3.73 and 26.7
fold, respectively. The increase in SW1116 and SW837
growth inhibition after treatment with this combination
was found to be statistically non-significant P = 0.519
and P = 0.122, respectively, compared to single treat-
ment with 5-FU.

The combination of 5-FU (10”-10"* mol/L) and
Rosco (10 pg/mL) exerted a marked growth inhibition
on all the tested colorectal cancer cells SW48 (P < 0.0001),
SW1116 (P = 0.05) and SW837 (P = 0.005) with IC;,
values equal to 5.7 X 10” mol/T,, 1.0 X 10" mol/L and 9.1
% 10" mol/L, respectively, compared to ICs, values of 4.8
X 10” mol/L, 2.5 X 10” mol/L, and 4.8 X 10” mol/L
exerted on SW 48, SW1116 and SW837, respectively,
when treated with 5-FU alone (Figure 3A, Table 3). The
combination of 5-FU (10”-10"* mol/L) and Rosco (10
ug/mL) increased the sensitivity of human colorectal
cancer cell lines SW48, SW1116 and SW837 by 8.42 X
10°, 250 and 5.28 X 10’ fold, respectively (Table 3). The
combination of 5-FU and Rosco had synergistic effects
on SW1116, additive effects on SW837 and antago-
nistic/additive effects on SW48 (Table 4). The type of
interaction between the mixed drugs depends upon their
relative concentrations, exposure time and the tested cell
line.

The effect of this combination on human colorec-
tal caner cell cycle was also evaluated. Treatment with
Rosco alone growth inhibited colorectal cancer cells in
G,/M phase (24.9% vs 4.75% for untreated), while treat-
ment with 5-FU alone growth arrested cancer cells in
S-phase (51.9% s 31.5% for untreated). However the
combination of 5-FU and Rosco added in sequential,
inverted sequential and simultaneous manners growth
arrested human colorectal cancer cells in S-phase: 54.8%,
56.8% and 50.7%, respectively, compared to 51.5% in

the S-phase for untreated (Figure 3B). The combina-
tion of 5-FU (4.8 X 10” mol/L) and Rosco (15 pg/mL)
had synergistic or additive apoptotic effects on SW1116
and SW837 compared to single treatment with 5-FU or
Rosco (Figure 3C).

Modulation of doxorubicin cytotoxicity on human

colorectal cancer cells by combination with CDKI Rosco
Human colorectal cancer cells were treated with doxoru-
bicin (10'“—10'6 mol/L) or combinations of doxorubicin
(10"-10° mol/L) and Rosco (5 or 10 pg/mL) for 96 h.
The combination of doxorubicin and Rosco had a very
potent anti-proliferative effect on the colorectal cancer
cell line SW48 (IC;, = 5.8 X 10™! mol/L, P = 0.009)
compared to the effect of doxorubicin alone (IC;, = 5.4
% 10" mol/L) (Figure 4A, Table 5). The combination of
doxorubicin and 5 pg/mL Rosco slightly increased the
growth inhibition exerted on SW1116 and SW837 with
IC;, values equal to 2 X 10" mol/L and 4.1 x 10®* mol/L,
respectively, compared to IC,, values equal to 6 X 107
mol/L and 4.1 X 10”7 mol/L obtained when SW1116 and
SW837 were treated with doxorubicin alone, respectively,
(Figure 3A, Table 5). The combination of doxorubicin
and 5 ug/mL Rosco increased the sensitivity of SW1116
(3 fold) and SW837 (10 fold) to doxorubicin (Table 5).
The difference in growth inhibition produced by treat-
ment of SW1116 (P = 0.543) and SW837 (P = 0.33)
with doxorubicin plus 5 ug/mL was statistically non-
significant. The combination of doxorubicin and Rosco
(10 pg/mL) produced very potent anti-proliferative ef-
fects on SW48 (IC,, = 5.8 x 10" mol/L, P = 0.012),
SW1116 (IC50 = 4.5 X 10” mol/L, P = 0.068), and
SW837 (ICs, = 8.2 X 10" mol/L, P = 0.049) compared
to treatment with Rosco alone (Figure 4A, Table 5). The
combination of doxorubicin and Rosco exhibited an ad-
ditive effect on SW48, synergistic and additive effects on
SW1116 and synergistic effect on SW837 in a time and
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Figure 3 Potentiation of 5-FU anticancer effect on human colorectal cancer cell lines by combination with cyclin dependent kinase inhibitor roscovitine. A: Human
colorectal cancer cell lines were treated with 5-FU (10°-10* mol/L), and the combination of 5-FU (10°-10™ moliL) and Rosco (5 pg/mL or 10 pg/mL) for 96 h. At the
end of treatment, control and drug treated cells were scored for proliferation using the MTT assay; B: Cell cycle phase distribution of human colorectal cancer cells
(SW837, 5 x 10° cells/well) treated with 5-FU (4.8 x 10° mol/L, 72 h); Rosco (15 pg/mL, 72 h); sequential combination: 5-FU (4.8 x 10° mol/L, 24 h) followed by
Rosco (15 pg/mL, 48 h); inverted sequential combination: Rosco (15 pg/mL, 24 h) followed by 5-FU (4.8 x 10°® mol/L, 48 h) and simultaneous combination: 5-FU plus
Rosco (4.8 x 10° moliL, 15 ug/mL, 72 h) was evaluated by flow cytometry. The percentage of cells in different phases of the cycle was calculated as described above; C:
Human colorectal cancer cells, SW1116 and SW837 (5 x 10° cells/well), were treated with 5-FU (4.8 x 10° moliL), Rosco (15 pg/L), and the combination of 5-FU plus
Rosco (4.8 x 10° mol/L + 15 pg/mL) for 72 h. DNA fragments were extracted and analyzed on 1% agrose gel.

Treatment with doxorubicin and 1C5, (mol/L) Sensitization ratio'

8 I FELEIB N [55ED SW48  SWi1116 SW837  SW48  SW1116  SW837
Dox. 5.4 x10° 6x107  41x107 - = -
Dox. + 5 ug/mL Rosco 5.8 x10™ 2x107 41x10° 93 x10° 3 10
Dox. + 10 pg/mL Rosco 58x10" 45x10° 82x10" 93x10° 13x10> 5.0x10°

'Sensitization ratio = IC;, (Dox.)/ICs, (Dox. + Rosco).

dose dependent manner (Table 6). cell cycle was also investigated. Treatment with Rosco
The effect of the combination on colorectal cancer growth arrested cancer cells in G,/M (24.9% vs 4.75%

www.wjgnet.com



Abaza MSI et a/. Chemosensitization of colorectal cancer cells through inhibition of CDKs 5169

A —O— Dox. —&— Dox. + 5 ug/mL Rosco

—— Dox. + 10 pg/mL Rosco

100
S 80
=
S
S 60
X
s
5 4
o
3
© 20
0
100 SW1116
= 80
S
2
8
s 60
X
s
S 40
o
(=]
o]
O 20
0
100 SW837
S 80
=
5]
%5 60
X
=
€ 40
S
(=]
3 20
0 1 1 1
ot 10" 10° 10°® 107 10°

Doxorubicin concentration (mol/L)

B Untreated Rosco Dox.
228 192 128
€ € €
3 3 3
(] (] [}
0 0 0
0 1824 0 1824 0 1824
FL3 FL3 FL3
G0/G1% 63.8 47.0 16.2
S% 31.5 28.1 83.7
G2/M% 4.75 24.9 0.135
Dox./Rosco Rosco/Dox. Rosco + Dox.
132 184 156
g £ g
o o Q
o (] o
0 0 0
0 1824 0 1824 0 1824
FL3 Fi FL3
G0/G1% 22.5 0 46.3
S% 77.5 100 45.8
G2/M% 0 0 7.94
C Dox.: - + - + - + -
Rosco:

SW1116

SW837

Figure 4 Potentiation of doxorubicin anticancer effect on human colorectal cancer cell lines by combination with cyclin dependent kinase inhibitor roscovitine. A:
Human colorectal cancer cell lines were treated with doxorubicin (10™-10° moliL), and the combination of doxorubicin (10™-10° mol/L) plus Rosco (5 pg/mL or 10
ng/mL) for 96 h. At the end of treatment, control and drug treated cells were scored for proliferation using an MTT assay; B: Cell cycle phase distribution of human
colorectal cancer cells (SW837, 5 x 10° cells/well) treated with doxorubicin (8 x 107 moliL, 72 h); Rosco (15 ug/mL, 72 h); sequential combination: doxorubicin (8 x
107 mollL, 24 h) followed by Rosco (15 pg/mL, 48 h); inverted sequential combination: Rosco (15 ug/mL, 24 h) followed by doxorubicin (8 x 107 mol/L, 48 h) and
simultaneous combination: doxorubicin plus Rosco (8 x 107 mol/L + 15 pg/mL, 72 h) was evaluated by flow cytometry. The percentage of cells in different phases of
the cycle was calculated as previously described; C: Human colorectal cancer cells, SW1116 and SW837, (5 x 10° cells/well) were treated with doxorubicin (8 x 107
mollL), Rosco (15 ug/mL), and the combination of doxorubicin plus Rosco (8 x 107 mol/L + 15 pg/mL) for 72 h. DNA fragments were extracted and analyzed on 1%

agrose gel.

for untreated), while doxorubicin markedly growth ar-
rested colorectal cancer cells in S-phase (83.7% vs 51.5%
for untreated). The combination of doxorubicin and
Rosco added to the culture in a sequential manner, i.e.,
doxorubicin followed by Rosco, growth arrested cancer
cells in S-phase (77.5% »s 31.5% for untreated). The
same combination added in an inverted sequential man-
ner growth arrested cancer cells completely in S-phase
(100% »s 31.5% for untreated). However, when the same

combination was added in a simultaneous manner, the
colorectal cancer cells were arrested in both S-phase
(45.8% vs 31.5% for untreated) and G,/M phase (7.94%
vs 4.75% for untreated) (Figure 4B). The apoptosis in-
ducing effect of the combination of doxorubicin (8 X
10" mol/L) and Rosco (15 pg/mL) was also tested. This
combination enhanced apoptosis in SW1116 and SW837
compared to single treatment of doxorubicin and Rosco

(Figure 4C).
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Combined treatment of doxorubicin

Combination interaction at various durations of treatment in human colorectal cancer cells'

and Rosco sw4s SW1116 sw837

2d 4d 6d 2d 4d 6d 2d 4d 6d
Dox 0.5 IC5, + Rosco 1.0 ug/mL ant ant ant syn syn syn syn syn syn
Dox 1.0 ICs, + Rosco 10 pg/mL ant ant ant syn syn syn syn syn syn
Dox 2.0 ICs, + Rosco 15 pg/mL ant ant ant syn syn syn syn syn syn
Dox 3.0 ICs, + Rosco 20 pg/mL ant add add syn syn add syn syn add
Dox 4.0 ICs, + Rosco 25 pg/mL ant add add syn ant add syn ant ant

'The data are based on the mean of absorbance measurements of 3 independent experiments; ant: Antagonistic; add: Additive; syn: Synergistic.

Treatment with vinblastine and 1C5o (mol/L) Sensitization ratio'
Eonibindi SRt s SW48  SW1116  SW837  SW48 SW1116 SW837
Vinb. 1x10® 6.3 x107 4.2 %107 - - -
Vinb. + 5 pg/mL Rosco 54x10"  75x10°  50x10° 1.9 x10? 8.4 8.4
Vinb. + 10 pg/mL Rosco 54x10"  79x10°  46x10° 19x10* 80x10*° 9.1 x10?

'Sensitization ratio = ICs, (Vinb.)/ICs, (Vinb. + Rosco).

Modulation of vinblastine cytotoxicity on human

colorectal cancer cells by combination with CDKI Rosco
The ability of cyclin dependent kinase inhibitor Rosco to
sensitize human colorectal cancer cells to vinblastine was
evaluated. Treatment of cancer cells with a combination of
vinblastine (10"°-10” mol/IL) and Rosco (5 or 10 pg/mL)
dramatically growth inhibited SW48 cells (P = 0.023 or P
= 0.019) with IC,, = 5.4 X 10" mol/L compared to ICy,
= 1.0 X 10® mol/L for the effect of vinblastine alone
(Figure 5). These results cleatly indicate that Rosco (5 or
10 pg/mlL) sensitized SW48 cells to vinblastine anticancer
activity by 190 fold (Table 7). Treatment of SW1116 with
the combination of vinblastine and Rosco (5 pg/mL)
produced a higher growth inhibition of SW1116 (ICy, =
7.5 x 10® mol/L,, sensitization ratio = 8.4 fold) (Figure
5A, Table 7) compared to treatment with vinblastine alone
(ICs, = 6.3 x 107 mol/L). The increase in the growth
inhibition induced by mixing vinblastine with 5 pg/mL
of Rosco was found to be statistically non-significant (P
= 0.216). On the other hand, treatment of SW1116 with
vinblastine and 10 ug/mL Rosco markedly enhanced the
cytotoxicity of vinblastine (ICy, = 7.9 X 10" mol/L, P =
0.013) towards SW1116 demonstrating a great increase
in the chemo-sensitization of SW1116 (8 X 10°-fold) to
vinblastine (Table 7). Similar results were obtained with
the colorectal cancer cell line SW837. The combination
of vinblastine and Rosco (5 ng/mL) slightly increased the
growth inhibition of SW837 (IC5,= 5 X 10® mol/L, sen-
sitization ratio = 8.4) compared to single treatment with
vinblastine (ICs,= 4.2 X 107 mol/L) (Table 7). However,
the combination of vinblastine and 10 pg/mL Rosco ex-
erted significant growth inhibition of SW837 cells (IC, =
4.6 x 10" mol/1, P = 0.023) compared to treatment with
vinblastine alone (ICy, = 4.2 x 107 mol/I) demonstrat-
ing a marked increase in the sensitivity of SW837 (9.1 X
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10°-fold) to vinblastine.

The combination of vinblastine (2IC;;) and Rosco
(15 pg/mL) had synergistic effect on SW48 after 4 d of
combination treatment (Table 8). All the tested combina-
tions had additive or synergistic effects on SW1116 after
2 d of treatment. The combination of vinblastine (ICs)
and Rosco (10 pg/ml) had additive and synergistic ef-
fects on SW1116 and SW837 after 4 and 6 d of treat-
ment, respectively (Table 8).

The effects of single and combined treatment with
vinblastine (2.6 X 107 mol/I) and Rosco (15 pg/mL)
on colorectal cancer cell cycle distribution indicated
that treatment of SW837 with Rosco growth inhibited
colorectal cancer cells in G,/M (24.9% »s 4.75% for un-
treated), while, vinblastine treatment markedly growth
arrest these cells in G,/M (71.9% »s 4.75% for untreat-
ed). The combination of vinblastine (2.6 X 10" mol/L)
and Rosco (15 pg/mL) added in sequential mannet
(vinblastine followed by Rosco) greatly growth arrested
SW837 cells in G,/M (76.6% vs 4.75% for untreated).
The same combination added in an inverted sequential
manner markedly growth arrested the cells in G,/M
(85.7% vs 4.75% for untreated). The same combination
added simultaneously to SW837 cells growth arrested
these cells both in S- (44.6% »s 31.6% for untreated) and
G,/M-(19.3% vs 4.75% for untreated) phases (Figure
5B). The combination of vinblastine (2.6 X 107 mol/L)
and Rosco (15 pg/mL) had a marked apoptotic effect
on colorectal cancer cell lines SW1116 and SW837 com-
pared to single treatments with vinblastine (2.6 X 107
mol/L) or Rosco (15 pg/mL) (Figure 5C).

DISCUSSION

The central finding of the present study is that the
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Combined treatment of vinblastine and

Combination interaction at various durations of treatment in human colorectal cancer cells'

Rosco sW48 SW1116 swW837

2d 4d 6d 2d 4d 6d 2d 4d 6d
Vinb 1.0 IC5, + Rosco 10 ug/mL ant ant ant add add add ant syn syn
Vinb 2.0 IG5, + Rosco 15 ug/mL ant syn ant syn ant ant ant ant ant
Vinb 3.0 IC5, + Rosco 20 ug/mL ant ant ant syn ant ant ant ant ant
Vinb 4.0 ICs, + Rosco 25 ug/mL ant ant ant syn ant ant ant ant ant

'The data are based on the mean of absorbance measurements of 3 independent experiments; ant: Antagonistic; add: Additive; syn: Synergistic.

cyclin dependent kinase inhibitor Rosco improved
the therapeutic activity of several conventional
chemotherapeutic drugs namely taxol, doxorubicin,
5-FU, and vinblastine that act by different mechanisms in
human colorectal cancer cells. This finding is significant
because chemotherapeutic drugs cause high toxicity to
normal tissues during treatment of colorectal cancer as
well as other cancers.

The adverse health effects of the conventional
chemotherapeutic drugs, such as immunosuppression
and cardiomyopathy, which severely increase in a dose-
dependent manner, as well as development of primary
or secondary drug resistance in tumor cells, limit their
clinical success in cancer chemotherapy'”. The increase
in systemic toxicity and drug resistance, the major draw-
backs of anticancer chemotherapeutic agents, has led
to a new challenge in the field of cancer research. To
overcome such problems, extensive research has been
directed towards reducing systemic toxicity and increas-
U519 Tn this regard,
combination chemotherapy has received increasing at-

ing drug activity in cancer therapy

tention in the search for compounds that could increase
the therapeutic index of clinical anticancer drugs'”.

Deregulation of the cell cycle and oncogenic over-
expression of several cell cycle related gene products in
many human cancers provide new opportunities for an-
ticancer drug discovery. Efforts to exploit these targets
are progressing quite well, with inhibition of cyclin de-
pendent kinase activity emerging as the most productive
approach at present. This has resulted in the develop-
ment of several small molecules, with specific and po-
tent CDK inhibitory effects, which are now undergoing
clinical trials in phases [ and II, and the results awaited
with expectation.

CDKs are essential players in the intracellular con-
trol of the cell cycle. Since CDKs and their regulatory
partners are frequently deregulated and exhibit enhanced
activity in human cancers, their inhibition by selectively
acting drugs offers a new concept in the therapeutic
strategy”'". Recently, a number of pharmacologi-
cal inhibitors of CDKs were developed, one efficient
group of such compounds is based on the substitution
of purines and pyrimidines. Substituted purines repre-
sent CDK inhibitors that are structurally most similar
to ATP". Among a series of C2, N6, N9-substituted
adenines, Rosco displays high efficiency and selectivity
towards some CDKs. Out of 25 kinases investigated,

only a few were significantly inhibited by Rosco with
IC,, values lower than 1 pmol/L. CDK2/cyclin B and
CDK2/cyclin A were identified as the best targets'”.
Through its high selectivity, Rosco is predestinated to be
a potent anti-mitotic drug. It acts not only as a cell cycle
blocker"” ™ but seems also to induce apoptosism’zz’zzq.

There is still a lack of systematic knowledge about
the cytotoxic effects of Rosco on normal and malignant
cells. The exact discrimination between inhibition of cell
proliferation and impairment of cell zability is necessary.
Moreover, the pro- or anti-apoptotic action of Rosco on
different cells is until now contradictory and has to be
conscientiously examined. The consequences of Rosco-
induced cell cycle arrest and apoptosis in colorectal
cancer cells upon chemo-sensitization of such cells to
conventional therapeutic drugs have not yet been inves-
tigated. In this study, we addressed the ability of Rosco
to synergize with conventional chemotherapeutic drugs,
acting by different mechanisms, to induce efficient apop-
tosis in human colorectal cancer cell lines.

In the present study, human colorectal cancer cells
were shown to be sensitive to the antiproliferative and
cytotoxic effects of Rosco with 1C;, values: (11.56-25
ug/mL), (11.62-14.78 pg/mL) and (13.44-16.25 pg/mlL)
for SW48, SW1116 and SW837, respectively, after 24-144 h,
72-144 h and 48-144 h of Rosco treatment, respectively.
These results are consistent with those reported for other
cell types™™. To explore whether inhibition of cell growth
observed in the Rosco treated human colorectal cancer
cells synergize with the conventional chemotherapeutic
drugs acting by different mechanisms to induce efficient
apoptosis of human colorectal cancer cells, we tested the
efficacy of single and combined treatments with Rosco
and taxol, doxorubicin, 5-FU or vinblastine on the growth
of human colorectal cancer cells. Our results indicated
that Rosco (5 and 10 pg/mL) markedly sensitized the
tested human colorectal cancer cells to taxol (sensitization
ratio = 7.0-6.4 X 10%), doxorubicin (sensitization ratio =
3.0-9.3 x 10%), 5-FU (sensitization ratio = 3.73-8.42 X 10
and vinblastine (sensitization ratio = 9-8 X 10°) (Tables 1,
3, 5 and 7). The combination of Rosco and chemothera-
peutic drugs inhibited the growth of human colorectal
cancer cells in an additive or synergistic fashion, and in a
time- and dose-dependent manner (Tables 2, 4, 6 and 8).
Treatment of human colorectal cancer cells with Rosco,
conventional chemotherapeutic drugs or the combination
of Rosco and conventional chemotherapeutic drugs add-
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Figure 5 Potentiation of vinblastine anticancer effect on human colorectal cancer cell lines by combination with cyclin dependent kinase inhibitor roscovitine. A:
Human colorectal cancer cell lines were treated with vinblastine (10™-107 mol/L) and the combination of vinblastine (10107 mol/L) plus Rosco (5 pg/mL or 10
ng/mL) for 96 h. At the end of treatment, control and drug-treated cells were scored for proliferation using an MTT assay; B: Cell cycle phase distribution of human
colorectal cancer cells (SW837, 5 x 10° cells/well) treated with vinblastine (2.6 x 107 mol/L, 72 h); Rosco (15 pg/mL, 72 h); sequential combination: vinblastine
(2.6 x 107 mol/L, 24 h) followed by Rosco (15 pg/mL, 48 h); inverted sequential combination: Rosco (15 pg/mL, 24 h) followed by vinblastine (2.6 x 107 mol/L, 48 h)
and simultaneous combination: vinblastine plus Rosco (2.6 x 107 moliL + 15 pg/mL, 72 h) was evaluated by flow cytometry. The percentage of cells in different
phases of the cycle was calculated as described above; C: Human colorectal cancer cells, SW1116 and SW837, (5 x 10° cells/well) were treated with vinblastine
(2.6 x 107 mol/L), Rosco (15 pg/mL) and the combination of vinblastine plus Rosco (2.6 x 107 mol/L + 15 pg/mL) for 72 h. DNA fragments were extracted and

analyzed on 1% agrose gel.

ed in a sequential or inverted sequential manner growth
arrested colorectal cancer cells in G,/M- or S- phase of
the cell cycle. While, simultaneous addition of Rosco and
conventional chemotherapeutic drugs double blocked
colorectal cancer cells in G,/M- and S- phases of the cell
cycle for all the tested drugs except for 5-FU, where, its
combination with Rosco growth arrested colorectal cancer
cells in S-phase. The growth arrest of colorectal cancer
cells in G,/M following Rosco treatment may facilitate the
induction of apoptosis and sensitize the cells to conven-
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tional chemotherapeutic drugs.

Another notable observation from our morphological
analysis was the extensive detachment of cells from the
cell culture substratum after exposure to Rosco (data not
shown). Recent evidence suggests that cellular attachment
to the substratum is mediated by the interaction of integ-
rins with ECM components such as fibronectin, collagen,
and vitronectin®. Binding of integrins to these adhe-
sion molecules results in the activation of focal adhesion
kinase'” accompanied by phosphorylation and recruit-
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ment of a number of related cytoskeletal and signaling
molecules, thereby transducing anchorage and survival
messages to the nucleus™?, Conversely, the uncoupling
of integrins from ECM proteins leads to disruption of
integrin-mediated signal transduction, inactivation of fo-
cal adhesion kinase, detachment of cells from the ECM,
and apoptotic cell death™. Our data suggest that follow-
ing Rosco treatment, human colorectal cancer cells detach
from cell culture substratum, and die vzz apoptosis as
indicated by the DNA fragmentation assay. This notion is
consistent with previous reports demonstrating that cells
deprived of matrix attachment underwent apoptosism.
Thus, the extensive detachment of cells from the cell cul-
ture substratum, and the apoptotic cell death observed in
our experimental system may be due to the uncoupling
of integtin-mediated signaling and/or disruption of cell-
mattix interactions induced by Rosco. In addition to facili-
tating apoptosis, which will have its impact on chemosen-
sitization of human colorectal cancer cells to conventional
chemotherapeutic drugs, the loss of adhesion induced
by this CDK inhibitor may deny cell anchorage and trac-
tion necessary for growth and migration and thus prevent
colorectal cancer invasion and metastasis, the major cause
of death in colorectal cancer patients. Because adhesion
and invasion are crucial to the initiation of metastatic
growthm], additional studies on the effect of Rosco on
cell adhesion to extracellular matrix components as well as
the anti-invasive potential of the CDK inhibitor could be
extremely rewarding. These studies are currently ongoing
in our laboratory.

Rosco may prevent the assembly of actin fibers by
modulating the expression and/or activity of Rho GT-
Pases, which have been reported to be involved in the
regulation of actin microfilament organization and other
associated activities" . Disruption of actin microfila-
ment architecture by Rosco has some biological implica-
tions. In view of the role played by actin microfilaments
in various aspects of cellular physiology such as cell-cell
interaction, proliferation, and secretion” it can be at-
gued that all of these cellular activities could be affected
in colorectal tumors following Rosco treatment.

Rosco strongly up-regulates wt p53 protein in cancer
cells"****. Since p53 protein plays a pivotal role in the
regulation of cell cycle, the biological effect of Rosco
cannot be restricted to the direct inhibition of distinct
kinases. Considering the multiple p53 targets and func-
tions, it is obvious that the Rosco-induced upregulation
of p53 in cancer cells may essentially contribute to the
cell cycle arrest, chromatin silencing and initiation as well
as execution of apoptosis.

The role of CKDs in chemosensitization, and the
potential downstream effectors of CDKSs inhibition
have been investigated by Crescenzi ¢ a/”. They showed
that lung adenocarcinoma cell line H1299 treated with
a nontoxic concentration of Rosco renders H1299 cells
significantly more susceptible to doxorubicin or etopo-
side. In these cells, Rosco does not modulate senescence,
but markedly reduces the capacity of H1299 cells to
repair damage and resume proliferation after treatment.

Combined treatment with Rosco and doxorubicin, or
etoposide was found to enhance G,-M accumulation,
to increase the amount of y-H2AX foci and to inhibit
DNA repair. Two main repair pathways, homologous
recombination and NHE], cooperate to repair DNA
DSBs". Crescenzi 7 a/” investigated the ability of
Rosco to modulate those two processes in doxorubicin-
treated cells. They reported the ability of Rosco to nega-
tively modulate DNA-PK activity in H1299 cells™* and
showed that Rosco significantly reduces the efficiency of
recombination repair identifying a novel mechanism of
action by which Rosco affects tumor cells that is inhibi-
tion of DNA DSBs repair.

The role of CDK2 and CDKI1 kinases as targets for
Rosco in tumor chemosensitization has also been inves-
tigated by Crescenzi e a/”. In this study, experiments
with inducible dn-K2 clones indicated that loss of Cdk2
and Cdk1 activity was responsible for the chemosen-
sitizing effect of Rosco Overexpression of dn-K2 in
H1299 cells potentiates doxorubicin-induced G,-M ar-
rest and inhibited recovery of the cells after treatment. It
is worth noting that overexpression of dn-K2 results in
both Cdk2 and Cdk1 inhibition””. Furthermore, analy-
ses of homologous recombination in Hela cells tran-
siently overexpressing either dn-K2 or dn-K1 or Cdk2
confirmed a role for Cdks in modulation of DNA repair
processes”. A role for CDK in the control of DNA re-
pair pathways has also been studied in the yeast cells”™".
Combined treatment of Rosco and DNA-damaging
agents not only enhances drug-induced apoptosis, but
also effectively hampers the recovery of mildly damaged
tumor cells after treatment. Rosco, by hindering both
homologous recombination and NHE] repair processes,
has the potential to inhibit recovery of mildly damaged
tumor cells after chemotherapeutic drug treatment, and
to increase the susceptibility of tumor cells to chemo-
therapy. Our results clearly indicated that Rosco syner-
gizes with chemotherapeutic drugs to induce efficient
apoptosis of human colorectal cancer cells. Important
issues that need to be addressed in order to advance
these agents to the clinical arena include the best drug
administration schedule, testing various combinations
with standard chemotherapeutic agents, the best tumor
types to be targeted, and demonstration of CDK modu-
lation of tumor samples from cancer patients.

COMMENTS

Background

Cyclin-dependent kinases (CDKs) are serine/threonine kinases that play a key
role in regulating cell cycle progression. Aberrant expression or altered activity
of distinct CDK complexes results in escape of cells from the cell cycle control
and leads to malignant transformation. Therefore, inhibition of CDKs in malig-
nant cells provides a new strategy in the fight against cancer. The present study
examined the ability of roscovitine (Rosco), a CDK inhibitor (CDKI), to enhance
the anticancer effects of chemotherapeutic drugs that act by different mecha-
nisms on human colorectal cancer cells. The authors have also investigated
whether Rosco differentially affects the cell cycle distribution of drug-treated
human colorectal cancer cells.

Research frontiers
Extensive research has been directed towards reducing systemic toxicity and
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increasing drug activity in cancer therapy. Combination chemotherapy has
received increasing attention in the search for compounds that could increase
the therapeutic index of clinical anticancer drugs. This study indicated that com-
binations of agents directed at different pathways or different steps of pathways
involved in apoptosis can cause the cells to reach an apoptosis threshold result-
ing in synergistic apoptosis and increased therapeutic index of the anticancer
drugs.

Innovations and breakthroughs

The central finding of this study is that the cyclin dependent kinase inhibitor
Rosco improved the therapeutic activity of several conventional drugs namely
taxol, 5-fluorouracil (5-FU), doxorubicin and vinblastine that act by different
mechanisms. Also, Rosco differentially affected the cell cycle distribution of
drug-treated colorectal cancer cells.

Applications

Chemotherapeutic drugs are highly toxic to normal tissues during treatment of
colorectal cancer as well as other cancers. Rosco increases the sensitivity of
several conventional chemotherapeutic drugs namely taxol, doxorubicin, 5-FU,
and vinblastine. This finding is significant because increasing drug activity may
reduce systemic toxicity in cancer therapy.

Terminology

CDKls are a heterogeneous group of compounds that are able to inhibit CDKs
involved in the cell cycle, transcription or neuronal functions. CDKls are a chemi-
cally diverse, flat, hydrophobic heterocycles that compete with ATP. Rosco (CDKI)
is structurally related to ATP, it blocks the cell cycle and induces apoptosis.

Peer review

A tremendous amount of in vitro work has been done looking at the anti
colorectal cancer cell effect of Rosco, a novel CDK inhibitor, to enhance the
antitumor effects of conventional chemotherapy agents. The approach is very
well designed and the presentation of data is very detailed. It looks promising
and may yield clinical benefits in the future.
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