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increased by the use of loperamide and octreotide (8â€”10)to minimize
the diarrhea associated with CPT-ll administration. Our long-range
goal is to determine whether expression of a CE capable of efficient
conversion of CPT-l 1 to SN-38 in situ expressed in tumor cells can
sensitize tumors to tolerated levels of CPT-l 1.

CPT-11 [7-ethyl-1O-[4-(1-plpendino)-1-plperidino]carbonyloxycampto

thecin] is a prodrug that Is converted to the active metabolite SN-38 by
carboxylesterases. In its active form, the drug inhibits topoisomerase I,
causes DNA damage, and Induces apoptosis. Data In this study show
metabolism of CPT-11 to SN-38 (7-ethyl-lO-hydroxycamptothecin) by a
rabbit liver carboxylesterase in vitro and growth-inhibitory activity of the
products of the reaction. Additionally, stable expression of the cDNA
encoding this protein in Rh30 human rhabdomyosarcoma cells Increased
the sensitivity of the cells to CPT-11 8.1-fold. We propose that this
prodrug/enzyme combination can be exploited therapeutically in a man
ner analogous to approaches currently under Investigation with the com
binations ofganciclovir/herpes simplex virus thymidine kinase and 5-fluo
rocytosine/cytosine deaminase.
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SN-38,3 the active metabolite of the chemotherapeutic agent CPT
11, inhibits topoisomerase I (1, 2). Inhibition of this enzyme can result
in DNA damage and induction of apoptosis (3). The specific enzyme
responsible for activation in vivo of CPT-l 1 has not been identified,
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Carboxylesterase

Activity.

Whole-cell extracts were prepared by sonica

tion for 10 5 in 50 mM HEPES (pH 7.4), using a Cole Parmer Ultrasonic
Homogenizer 4710. CE activity was determined spectrophotometrically by
incubation of sonicates in 1 ml of 30 mrviHEPES (pH 7.4) containing 3 mM
o-nitrophenyl

acetate and monitoring

at 420 urn. Data were plotted using

Kaleidograph software. â‚¬,,,
for o-nitrophenol at 420 nm was 13,600. Protein
concentrations were determined with the Bio-Rad (Hercules, CA) protein assay
reagent using BSA as a standard.
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terminated by the addition of 5 volumes of methanol. The samples were then
vortexedfor 10 s andcentrifugedat 14,000 X g for 2 mm(13). The methanolic
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10% FCS and 2 mM glutamine,

CPT-11 Conversion Activity in Vitro. The conversion of CVF-ll to
SN-38 was monitored by fluorometry. Increasing amounts of partially purified
rabbit liver CE (Sigma) were incubated with 1 @tM
CPT-ll in a fmal volume

seen when mice bearing SJG3A colon adenocarcinoma xenografts

supported

Rabbit liver CE was purchased from Sigma Chem

10%CO2 at 37Â°C.
The pIRES plasmid was obtained from Clontech (Palo Alto,
CA). This bicistronicmammalianexpression vector generatesone transcript
encoding both the cDNA of interest and the neo gene (12). An internal
ribosome entry site allows translation of both genes; hence, any transfectants
that are G4l8 resistant should also express the desired protein.

were treated with 40 mg of CPT-lllkg/dose compared to 20 mgfkg/
dose. These results suggest that attempts to increase either the toler
ated doses of CPT-ll or the sensitivity of tumors by as little as 2-fold
to this drug might be beneficial therapeutically.
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guidelines from the St. Jude Internal Review Board. The cell line was grown

SN-38 (4â€”6).Uniformly, these activities have characteristics of CEs
(4â€”6).Recently, Potter et al.4 isolated from rabbit liver RNA the
cDNA encoding a CE and demonstrated that this protein had CE
activity in vitro and in transiently transfected Cos7 cells.
Results from preclinical studies in which mice bearing xenografts
of human tumors were treated with CPT-l 1 demonstrated a steep
dose-response relationship between dose of drug administered and
induction of complete tumor regressions (7). In these studies, 20 mg
of CPT-lllkg/dose
given daily for 5 days for 2 consecutive weeks
produced complete regressions of Rhl 8 rhadomyosarcoma
xe
nografts, whereas 10 mg/kg/dose given on the same schedule pro
duced only transient partial tumor regressions. Similar effects were

work
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ical Co. (St. Louis, MO) or Boehringer Mannheim (Indianapolis, IN). As
defined in the product literature, 1 unit of CE is the amount of enzyme required
to convert 1 pmol of o-nitrophenyl butyrate to nitrophenol and butyrate per mm
at pH 7.5 at 25Â°C.CPT-l 1 and SN-38 were generous gifts from Dr. J. P.
McGovern (Pharmacia and Upjohn Co., Kalamazoo, MI).
Cell Lines and PIHSmIdS.The pediatricrhabdomyosarcomacell line Rh30
was derived from the bone marrow aspirate of a patient at St. Jude Children's
Research Hospital (II). The tumor specimen was obtained in accordance with
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Cells were grown for a minimum of 10 days before use in growth inhibition
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experiments.

Growth Inhibition Assays. Two types of growth inhibition experiments
were performed.Initially, CPT-ll was preincubatedwith rabbitliver CE in

0

vitroto produceSN-38priorto exposureof the cellsto drug.Specifically,0.5

0

to 5 units of CE were incubated with 1 @.sM
CPT-ll at 37Â°Cin DMEM for 2 h.
Each reaction mixture was then filter sterilized, and Rh30 cells were exposed
to drug for 1 h, after which the medium was replaced with drug-free medium
containing serum. Enzyme that had been inactivated by boiling for 5 rain prior
to incubationwith drugandCVF-ll to which no enzyme hadbeen addedwere

-C

used as negative

controls.
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times, and cell numbers were determined with a Coulter Multisizer II (Coulter

Cl)

Electronics,Luton,Bedfordshire,UK).
In the secondtype of growth inhibitionassay, Rh30 cells that had been
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transfected with either pIRES parent plasmid DNA or the plasmid containing

the rabbit CE cDNA were exposed to different concentrations ofCPT-1 1. Drug
was added to the tissue culture medium of each of the stably transfected cell
lines for 2 h, after which the medium was replaced with drug-free medium.
Cells were then allowed to grow for three cell-doubling times as in the protocol
above. All determinations

CE inactivated
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3

Carboxylesterase,

4

5

units

Fig. 2. CPT-l I (I @.tM)
was incubated for 2 h with 0, 0.5, 1, 2.5, or 5 units of rabbit liver
CE. The products of each reaction were then filter sterilized, and Rh30 cells were exposed

to the sterilized reaction products for 1 h. After three cell-doubling times, cells were

were performed in duplicate or triplicate, and data

counted, and results are presented as mean number of drug-treated cells/number of

were analyzed using the sigmoidal dose-response program of GraphPad Prism

untreated control cells (bars, SE).

software. Results are expressed as the concentration of drug required to reduce
cell growth to 50% of control cells (ICso).
Table
1 CE activity in sonicates from transfected Rh30 cell
linesCell

ReSUlts

lineActivity
protein)Rh3OpIRES4.

Concentration-dependent
Partially Purified Rabbit

(@tmol/min/mg

0.69Rh3Op1RES@@@1,256.2

Conversion of CPT-11 to SN-38 by
Liver CE in Vitro. No conversion of

1 Â±
Â±17.7

CPT-l1 to SN-38 was seen in the absence of enzyme (Fig. 1) or with
inactivated

CE (not shown).

In contrast,

1â€”100 units

of rabbit

CE

bated with 1â€”5
units of active CE produced a 30â€”60%inhibition of

incubated with 1 @.tM
CPT-ll produced a concentration-dependent
conversion of CPT-ll

cell growth. A representative experiment of three is shown. The data
are consistent with the conclusion that the CE converted CPT- 11 to
SN-38.

(emission maximum, 428 nm) to SN-38 (emis

sion maximum, 540 run). The cDNA that encodes this enzyme4 was
used for all subsequent transfection and growth inhibition experiments

Increased Sensitivity of Rh30 Cells Stably Transfected with the

with Rh30 cells.

Rabbit CE cDNA to CPT-11. We nextdeterminedCE activityof

The MetaboliteProducedby RabbitLiver CE in VitroIs Bin

extracts of the transfected cells, as well as the IC50s of CPT-l 1 for
Rh30 rhabdomyosarcoma cells that had been stably transfected with
the rabbit liver CE cDNA or the pIRES vector alone. Table 1 dem
onstrates that the cells transfected with the CE cDNA contained â€”60fold more CE activity, as determined by conversion of o-nitrophenyl
acetate to o-nitrophenol.
Fig. 3 shows growth inhibition data from an experiment representative
of five analyses performed with Rh3OpIRES and Rh30pIRES@j@ cell
lines. The IC50 of CPT-l 1 for the Rh3OpIRES cells was
4.33 x lO_6 Â± 2.29 X lO_6 M compared to the IC50 for the

logically Active. CPT-ll (l@aM)was incubated for 2 h without en
zyme or with 0.5â€”5units of heat-inactivated

or active CE. Rh30 cells

were then exposed to the products of each reaction for 1 h, and the
percentage of growth inhibition was determined after three cell dou
blings of control cells. As expected, Rh30 cells exposed to 1â€”5units
of CE that had been inactivated by heating produced no inhibition of
cell growth (Fig. 2). In contrast, reaction products of CPT-ll incu
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Discussion
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To confirm previous observations that CEs were responsible for the
metabolism of CPT-l 1 to SN-38 (4â€”6), we incubated the prodrug
with a commercially available rabbit liver CE and added the reaction
products to exponentially growing cells. Significant inhibition of cell
growth was observed (Fig. 2), consistent with the activation of
CPT-l 1 by the CE. Additionally, when the cDNA encoding this
enzyme was expressed in Rh30 rhabdomyosarcoma cells, the IC50

0.5

nfl
@-;@i.@0@0II_5'O

value for CPT-l 1 decreased 8-fold compared to the parental cell line
(Fig. 3). This is the first report that demonstrates the increased

RabbitLiverCarboxylesterase
(units)

sensitivity of mammalian cells to CPT-l 1 following transfection with
a cDNA encoding a CE.

Fig. 1. The indicated amounts (units) of partially purified rabbit liver CE were
incubated with I

@M
CPT-ll

for 18 h. Methanolic extracts were made of the reaction

products, and fluorometric scans were done to determine the relative concentrations of
CVI'-l 1 and SN-38. Data are reported as the area under the fluorescence emission curve

CEs are a diverse family of enzymes that react with many â€œclassicâ€•
substrates,

of SN-38/CPT-l 1. Experimental details are described in â€œMaterials
and Methods.â€•

such as o-nitrophenyl

acetate, nitrophenyl

butyrate, or
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such that increasing the dose of CPT-l 1 by 2-fold results in complete

tumor regressions as compared to transient partial regressions. The
cloning of the human homologue of the described cDNA is ongoing,
and preclinical studies are being performed to determine whether

CPT-l 1 administered to mice bearing xenografts that express the CE

Co
>

are sensitized to this drug.
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