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3-Methylthiopropionic Acid Ethyl Ester, Isolated from
Katsura-uri (Japanese pickling melon, Cucumis melo
var. conomon), Enhanced Differentiation in Human
Colon Cancer Cells
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The fully ripened fruit of Katsura-uri Japanese pickling melon (Cucumis melo var. conomon) has
rarely been used for food because the midripened fruit is utilized for making pickles, but the fully
ripened fruit is no longer valuable for pickles due to the fruit body being too soft. We have considered
the utilization of the fully ripened Katsura-uri fruit that may be used for nonpickling products, particularly
if the fully ripened fruit demonstrated health benefits such as anticarcinogenic properties. The
phytochemical extract from the fully ripened fruit of Katsura-uri Japanese pickling melon was purified
via a bioassay-guided fractionation scheme, which was based on the induction of differentiation in a
RCM-1 human colon cancer cell line. On the criteria of two differentiation markers (duct formation
and alkaline phosphatase activity), the most potent fraction contained a compound identified as
3-methylthiopropionic acid ethyl ester, based on GC retention time, EI-MS, 'H NMR, and '3C NMR
spectra. Previously, the role of 3-methylthiopropionic acid ethyl ester was considered as an odor
producing compound in many fruits, but this study indicates potential medical benefits of this

compound.
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INTRODUCTION

Katsura-uri Japanese pickling melon (Cucumis melo var.
conomon) is an heirloom vegetable in Kyoto, Japan (Figure
1). The fruit is 40—90 cm in length and 2—5 kg in weight
(4—12 times larger than the conventional type in Japan) and
not sweet in any of its ripening stages, and the midripened
fruit is primarily used as pickles in traditional Japanese
cuisine. However, the fully ripened fruit of Katsura-uri has
rarely been used in Japanese eating habits, because the
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midripened fruit is utilized for making pickles, but the fully
ripened fruit is no longer valuable for pickles due to the flesh
being too soft.

Alternatively, we have considered the utilization of the fully
ripened Katsura-uri fruit with the unique properties of not being
sweet and the possession of a strong melon-like odor that may
be used for nonpickling products, particularly if the fully ripened
fruit has demonstrated health benefits. One potential health
benefit is in the prevention of cancer. In our previous study,
the fully ripened Katsura-uri Japanese pickling melon exhibited
bioantimutagenic activity assessed by UV-induced mutation
assays using Escherichia coli B/r WP2, at levels ten times higher
than that from midripened Katsura-uri or the conventional type,
Shiro-uri (/). Some of the bioantimutagenic compounds identi-
fied from vegetables in this assay were S-methyl methanethio-
sulfonate from cauliflower (2) and 4-methylthio-3-butenyl
isothiocyanate from daikon (Japanese white radish) (3). These
compounds also exhibited anticarcinogenic activities in animal
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Figure 1. Morphological shape of Katsura-uri fruit. The whole body of Katsura-uri Japanese pickling melon (A), and the longitudinal cross section (B).

Bar inset = 10 cm.

experiments (4—38). Thus these results warranted further inves-
tigation into the anticarcinogenic properties of Katsura-uri
Japanese pickling melon.

Colon cancer is one of the most widely distributed cancers
in the world. Prevention and early detection of the premalignant
lesion or early stage tumor is of vital importance for the
successful eradication of colon cancer, because most cases have
few to no symptoms, such as pain, and the tumor is often
diagnosed in the later stages of the disease (9, 70). Under the
present circumstances, an appropriate therapeutic strategy, other
than prevention, has been strongly required in colon cancer.
The conventional cancer therapy is surgery followed by the
administration of anticancer drugs to kill any remaining tum-
origenic cells (/1—13). Unfortunately many patients suffer from
the side effects of these cytotoxic drugs. Therefore, alternative
chemotherapies, such as the induction of differentiation and
apoptosis of cancer cells, are believed to be potentially better
approaches.

Some anticarcinogenic compounds from natural sources,
such as vitamin D analogues (/4, 15), butyric acid (16—18),
maslinic acid (/9), and kaempferol (20), are also known to
induce the differentiation in well-differentiated human colon
cancer cells. Here, we focus on an identification of dif-
ferentiation inducer in the RCM-1 human colon cancer cell
line derived from a colon cancer tissue diagnosed as a well-
differentiated rectum adenocarcinoma.

In this study, we used silica gel column and silica gel thin
layer chromatography procedures to purify the differentiation
inducers from an n-hexane extract of fully ripened Katsura-uri
Japanese pickling melon via a bioassay-guided fractionation
scheme. The bioassay system used two markers of differentiation
(duct formation and alkaline phosphatase activity) in RCM-1
cells. This bioassay-guided fraction scheme allowed us to
identify the active ingredient, which was 3-methylthiopropionic
acid ethyl ester (MTPE).

MATERIALS AND METHODS

Chemicals. 3-Methylthiopropionic acid ethyl ester (98.0% pure
grade, CAS no. 13327-56-5) was purchased from Avocado Research
Chemicals Ltd. (Lancashire, England).

Plant Samples. Katsura-uri (Japanese pickling melon, Cucumis melo
var. conomon) was harvested after it was midripened and fully ripened
in August of each year from 2005 to 2006 in an open field culture
system at the Kyoto Prefectural Agricultural Research Institute (Ka-
meoka City: longitude 135°34E, latitude 35°01’N, altitude of 110 m,
annual mean air temperature of 14.6 °C, annual precipitation of 1590
mm), Japan. Katsura-uri fruits were cooled on harvest date in a
refrigerator (4 °C), and overnight freighted to Kyoto Prefectural
University for immediate analysis within 2 days after being held at 4
°C. Cucumber (Cucumis sativus), muskmelon (Cucumis melo var.
riticulatus), Makuwa-uri (Cucumis melo var. makuwa), Shiro-uri
(Cucumis melo var. conomon), and wax gourd (Benincasa hispida)
shown in Table 1 were purchased from local supermarkets in Kyoto
City from July to November 2007.

Cell Lines and Culture. The RCM-1 colon cancer cell line was
diagnosed as a well-differentiated rectum adenocarcinoma derived
from a 73-year-old female human (27), and was obtained from Dr.
H. Kataoka of the University of Miyazaki (Miyazaki, Japan). The
RCM-1 cell line is characterized as a partially differentiated type
that is suitable to purify “differentiation inducers” for the following
reasons: (1) RCM-1 cells spontaneously differentiate as determined
by the formation of ducts resembling villiform structures and ALPase
activity, which is achieved after the cells reach confluency in plastic
culture plates, and (2) chemical differentiation inducers, such as
kaempferol, further enhance the number and size of ducts, and
ALPase activity from the background levels of spontaneously
differentiated RCM-1 cells (22). Thus, the real-time morphological
observation of duct formation enables a simple assay for a rapid
assessment of cell differentiation properties of potential chemopre-
ventive compounds, thus being an ideal assay system to effectively
assess the most active anticarcinogenic compounds in plant
extracts.

Treatment of Cells with Sample. RCM-1 cells (3 x 10°) were
each plated into 35-mm plastic culture plates (Becton Dickinson
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Table 1. Concentration of MTPE in the Cucurbitaceous Family?

variety MTPE («g/100 g)
Cucumis melo var. conomon

Katsura-uri (fully ripened) 3.8 (2.9—-4.3)

Katsura-uri (midripened) Ld®

Shiro-uri Ldl®
Cucumis melo var. makuwa

Makuwa-uri 0.6 (LdI-1.8)°
Cucumis melo var. riticulatus

muskmelon (red-fleshed) 2.5(1.0—3.6)

muskmelon (green-fleshed) 1.1 (Ldl-1.7)¢
Cucumis stativus

cucumber Ldl®
Benincasa hispida

wax gourd Ldl®

@ Each value represents mean and range in parentheses of 2 to 13 different
samples of the same variety: 10 of muskmelon (red-fleshed); 8 of muskmelon
(green-fleshed); 4 of Katsura-uri (fully-ripened); 3 of Makuwa-uri; 2 of Katsura-uri
(mid-ripened), Shiro-uri, cucumber and wax gourd. ® Ldl means less than detection
limit. © The average was calculated as the value of Ldl as zero.

Table 2. Stimulation of ALPase Activity by MTPE in RCM-1 Cells?

ALPase activity

dose (M) (mU/mg protein)
cells before confluency 0 6.0 £22°
cells after confluency with authentic MTPE 0 17.3+12°
0.25 223 +6.4°
0.5 241 4+1.1¢
1.0 28.4 4 3.2¢
2.0 424 +71°

cells after confluency with kaempferol (20 uM) 282+ 5.1

@RCM-1 cells (3 x 10°% were each seeded into 35-mm plastic culture plates
and cultured overnight. The cells were treated for 4 days (1 day for “cells before
confluency”) with vehicle (acetonitrile-vehicle concentration = 1.0%) or authentic
MTPE and kaempferol. Each value represents an average of eight replicates +
SEM. Values followed by different letters (among a, b, c, d, and e) are significantly
different (p < 0.05) by multiple comparison test of Fisher's PLSD.

Labware, Franklin Lakes, NJ) with 2 mL of 45% RPMI1640 medium
with 45% Ham’s F12 medium (GIBCO-Invitrogen corporation, Grand
Island, NY) and 10% fetal bovine serum (10% FBS-RPMI+F12). The
cells were then treated with samples extracted from Katsura-uri (DMSO-
vehicle concentration = 0.1%) or MTPE and kaempferol (acetonitrile-
vehicle concentration = 1.0%) in 2 mL of 10% FBS-RPMI+F12 for
4 days. The reason we chose 4 days for the incubation of the test
compound is based on our previous experiments where an n-hexane
extract of Katsura-uri showed maximal enhancement of duct formation
at day 4. We always used the sample dose that exhibited no cyto-
toxicity.

Duct Formation Bioassay. When RCM-1 cells (3 x 10°) were each
plated into 35-mm plastic culture plates, RCM-1 cells spontaneously
and partially differentiated after reaching confluency in plastic culture
plates and began to exhibit contact-insensitive growth, followed by
forming some ducts 2 days after reaching confluency. However, the
differentiation of the RCM-1 cells is partial, and the duct formation is
increased with kaempferol, which is an inducer of differentiation
accompanied with ALPase activity (a common differentiation marker
of colon cancer cells) (Table 2). When RCM-1 cells were cultivated
with samples for 4 days, the duct number and size were measured from
digital photographs at 50x with a Zeiss Axiovert 25 microscope
equipped with a CCD camera. Duct formation activity was calculated
as the fraction of the solvent control. To identify an active fraction we
used three different criteria. The first criterion determined the lowest
dose needed to induce a 50% increase of the number of ducts over the
control. The second criterion determined the lowest dose needed to
induce a 50% increase of the total area occupied by duct structures
over the control. The third criterion determined the lowest dose needed
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Figure 2. Chemical structure of 3-methylthiopropionic acid ethyl ester.

to induce a 50% increase of the diameter of the maximum size of the
duct over the control. A fraction was determined active if it met at
least one of these three criteria.

Duct Formation Bioassay-Guided Fractionation of Katsura-uri.
Katsura-uri fruit (3.1 kg) was homogenized and extracted twice with
methanol (3.0 L) at room temperature for 1 h. The filtered extract was
mixed and evaporated under 40 °C to ~500 mL of an aqueous crude
extract solution with a rotary evaporator. The fractionation procedure
for each fraction is summarized in Figure 3. The methanol extract was
divided into fractions A—D by solvent extraction with n-hexane,
chloroform, and ethyl acetate successively. The n-hexane, chloroform
and ethyl acetate layers were evaporated to dryness under 40 °C and
the aqueous layer was lyophilized. All fractions were weighed and
examined for duct formation. Fraction A (n-hexane extract, 220 mg)
showed an ability to enhance duct formation. It was then divided into
fractions E—1I by silica gel (6 g) column chromatography (Merck; Silica
gel 60, 35—70 mesh; ¢ 0.8 x 24 cm), using 60 mL of each eluent:
n-hexane; 2.5%, 5%, 10%, 50% acetone in n-hexane. Fraction F (83.3
mg), which showed an ability to enhance duct formation, was spotted
on preparative-TLC plate (Merck; silica gel 60 Fass, 20 x 20 cm),
developed with the solvent of n-hexane—acetone (95:5). The spot of
the compound was detected visually by a method of sulfuric acid-mist
with heat, using the edge of the TLC plate. The broadbands of R, value
1—0.8 in fraction J, 0.8—0.6 in fraction K, 0.6—0.4 in fraction L,
0.4—0.2 in fraction M, 0.2—0 in fraction N were collected. Fraction K
(8.4 mg), which showed an ability to enhance duct formation, was
spotted on preparative-TLC plate (Merck; silica gel 60 Fpss, 20 x 20
cm), developed with the solvent of n-hexane—acetone (95:5). The spot
of the compound was detected visually by the method of sulfuric acid-
mist with heat, using the edge of the TLC plate. The broadbands of Ry
value 0.8—0.7 in fraction O and 0.7—0.4 in fraction P were collected.
The ability to enhance duct formation was shown in Fraction P (2.0
mg) but not in Fraction O.

Gas Chromatography—Mass Spectrometry (GC-MS), 'H NMR,
and '*C NMR Spectrometry. GC-MS analyses were performed on a
model JEOL JMS-AMSUN200 mass spectrometer, coupled on a
Hewlett-Packard 6890 gas chromatograph. The capillary column was
a DB-5 (25 m x 0.2 mm, 0.33 um film thickness; J&W Scientific,
Folsom, CA). The column oven temperature was held at 60 °C for 5
min and then was increased to 250 at 5 deg/min. 'H NMR and '3C
NMR spectra were obtained on a JEOL GX-270W, using CDCL3 as
the solvent with TMS as internal standard.

Concentration of MTPE. The pieces of Katsura-uri and fruit samples
were cut into equal parts and 80 to 100 g were put into an automatic
homogenizer (CQM-V2, Toshiba) with 0.7—1 mL of 6 M HCI to avoid
degradation of MTPE by any intact esterase. The homogenate (50 g) was
filtered and the residue was extracted twice with 4 mL of distilled water.
The water extracts were combined and diluted to 50 mL to prepare an
aqueous crude sample solution and centrifuged (1500g). The supernatant
(45 mL) was absorbed to the C;g cartridge column (Waters, Sep-pak,
catalogue number WAT020515) and washed with 10 mL of water and 10
mL of 10% methanol, and then the sample was eluted with 5.5 mL of
70% methanol and collected to subject it to the MTPE analysis. The
solution was diluted with 3 mL of water, and then extracted four times,
each with 1 mL of n-hexane. The n-hexane extracts were combined and
concentrated to 0.4 mL, and then MTPE was measured by reverse-phase
HPLC-UV, using an HPLC (Shimadzu, Kyoto, Japan) model LC-20AT
with a SPD-20A UV detector and a C-R8A integrator. A YMC ODS-
H80 (¢ 4.6 x 150 mm) column was used for MTPE analyses based on
reverse-phase chromatography. A 10-uL aliquot of sample was injected
and isocratically eluted by 27% acetonitrile in 0.1% trifluoroacetate mobile
phase for MTPE. The UV absorbance at 215 nm was used to detect MTPE,
which eluted from the column at 13.5 min. The concentration of MTPE
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Figure 3. Duct formation bioassay-guided fractionation of Katsura-uri fruit. The yield (weight, %) and activity (+ or —) was indicated directly under each
fraction labeled A—P. The spots on TLC were detected visually by a method of sulfuric acid-mist with heat after development with the solvent of

n-hexane—acetone (95:5).

was calculated from a linear equation derived from a standard curve of
peak areas vs. known MTPE concentration. The detection limit for MTPE

was calculated as 0.27 ug/100 g of fresh fru
Cytostaticity Assay of MTPE. RCM-1
plated into 35-mm plastic culture plates

it.
cells (1.5 x 10%) were each

(8 plates per treatment). RESULTS

Twenty-four hours after plating, cells were treated with MTPE in 2

mL of 10% FBS-RPMI+F12 for 4 days, and were counted by using a

hemacytometer, after trypsinization with
EDTA. At day 4, the cells were still in th
not confluent.

Alkaline Phosphatase (ALPase) Activi
phosphate buffered saline (PBS) twice, and

0.1 M carbonate, 2 mM MgCl; pH 9.5. The lysate was sonicated, and

the protein was quantified by using a DC
Richmond, CA). The lysate (20 uL) and O

solution (0.3 mg of p-nitrophenyl phosphate/0.2 M Tris buffer; Sigma,

St. Louis, MO) were thoroughly mixed in

tube was incubated at 37 °C for 15 min, and 300 4L of 0.2 M NaOH
was added to terminate the substrate—enzyme reaction. The ALPase

activity was calculated by reading sample

a linear standard equation derived from the absorption readings of

consecutive known ALPase activities. We

from 1 to 7 days after MTPE treatment with different doses (0.016—2
mM). At day 4, these cells are the most sensitive to the differentiating
effects of MTPE (data not shown), thus we used cells cultured for 4
days in the presence of MTPE to assess the active component of the

fractionated fruit extract.

0.25% trypsin and 1 mM
e log phase of growth and

ty. Cells were washed with
lysed in a buffer containing

assay kit (Bio-Rad Corp.,
.3 mL of ALPase substrate

a 1.5-mL plastic tube. The

absorption at 405 nm from

monitored ALPase activity

Statistical Analysis. Statistical comparisons were made by using
Fisher’s PLSD method after analysis of variance (ANOVA). The results
were considered significantly different with p < 0.05.

Purification of the Duct Formation Enhancement Com-
pound. We purified a compound from Katsura-uri fruit that
enhanced duct formation in a well-differentiated human colon
cancer cell line, which spontaneously formed some villi-like
ducts. An overall purification scheme for the compound from
the fruit of Katsura-uri is shown in Figure 3. The activity of
duct formation and the weight of the fractions are also shown
in Figure 3. The active fraction was defined as the fraction
exhibiting a 50% increase in duct number or area as compared
to the untreated cells. On the basis of this criterion, n-hexane
extract of Katsura-uri fruit enhanced the number of ducts in
RCM-1 cells at 500 ug/mL (Figure 3). The chloroform, ethyl
acetate, and aqueous fractions did not show the activity in the
induction of differentiation (Figure 3), thus further fractionation
focused only on the n-hexane extract. The next fractionation
step used silica gel column chromatography resulting in the
highest activity in Fraction F (2.5% acetone in n-hexane elution)
in which a dose of 200 ug/mL induced duct formation (Figure

3). Fraction F (83.3 mg) was further purified by using prepara-
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tive silica gel thin layer chromatography (TLC). The active
fraction (50 ug/mL) that exhibited a 150% increase in duct
number as compared to the untreated cells was found in a band
labeled Fraction K with an Ry value of 0.8—0.6 and a yield of
8.4 mg. Fraction K was purified further by using preparative
TLC, yielding an active band (25 ug/mL) labeled Fraction P
with an Ry value of 0.7—0.4 and with a yield of 2.0 mg. In the
series of purification steps, the active ingredient in Katsura-uri
fruit was successfully purified into Fraction P.

Identification of the Duct Formation Enhancement Com-
pound in Fraction P. Fraction P contained one compound on

the total ion chromatogram from the low-resolution—gas
chromatography—electron ionization (LR-GC-EI) mass spec-
troscopy analysis. The compound, appearing at g 12.50 min,
showed the ion peak at an m/z 148 (M)", and prominent
fragment ions with masses of 133, 119, 103, 87, 74, 61, and
47. In addition, the isotope peaks at 149 (M + 1)* and 150 (M
+ 2)" were observed for the mass 148 (M)" fragment, which
indicates that this is a sulfur-containing compound. 'H NMR
(270 MHz, CDCL3) spectra were assigned: 0 1.27 (3H, t, Js7
=17.15,H-8), 0 2.12 (3H, s, H-1), 6 2.60 (2H, br t, J43 = 6.84,
H-4), 6 2.75 (2H, br t, J34 = 6.84, H-3), 0 4.16 (2H, q, J73 =
7.15,H-7). *C NMR (67.8 MHz, CDCls) spectra were assigned:
0 14.09 (C-8), 6 15.53 (C-1), 6 29.15 (C-3), 6 34.54 (C-4), 0
60.59 (C-7), 6 171.71 (C-5). The molecular weight and "H NMR
and '>C NMR spectra analyses indicated that the isolated
compound is 3-methylthiopropionic acid ethyl ester (MTPE).
The chemical structure of MTPE is shown in Figure 2. To
validate our tentative identification, we used authentic MTPE,
which had the same retention times and m/z ratio of the ion
peak [tz 12.50 min, m/z 148 (M)*] as the isolated compound.
The '"H NMR and '>C NMR spectra also corresponded with
those of authentic MTPE. Thus, the compound isolated in
fraction P that enhanced duct formation was successfully
identified to be that of MTPE.

Concentration of MTPE. The levels of MTPE varied as a
result of differences from midripened to fully ripened Katsura-
uri (C. melo var. conomon), ranging from zero (less than
detection limit) to 3.8 ug/100 g of fresh weight (Table 1). These
results indicate that Katsura-uri begins to produce MTPE
between the midripening to fully ripening stage of fruit
development. Shiro-uri, a conventional variety for Katsura-uri,
did not contain MTPE. Differences in MTPE levels were
observed between varieties of Katsura-uri, where the wild
cultivar of melon, Makuwa-uri (C. melo var. makuwa), con-
tained lower levels of MTPE (0.6 1g/100 g) than the red-fleshed
muskmelon varieties (C. melo var. riticulatus), which contained
2.5 ug/100 g. Green-fleshed varieties contained considerably
lower levels of MTPE (1.1 ug/100 g). In other species that
belong to the same plant family, Cucurbitaceae, as Katsura-
uri, such as cucumber (C. stativus) and wax gourd (B. hispida)
did not contain detectable levels of MTPE, indicating that this
compound is more specific to plant species than to the plant
family.

The Ability of MTPE To Enhance the Formation of Ducts.
Authentic MTPE (0.25—2 mM) did not show any cytotoxic
effect on RCM-1 cells, as determined by the lack of cell
detachment from the culture plates. MTPE also did not show
any cytostatic effect on RCM-1 cells, as determined by cell
growth. After authentic MTPE (0.25—2 mM) treatment for 4
days, the growth rate of RCM-1 cells did not decline. MTPE is
consequently considered to be neither cytotoxic nor cytostatic
for RCM-1 cells up to a concentration of 2 mM (Figure 4).

RCM-1 cells spontaneously formed a small number of duct-
like structures (Figure 5A). Treatment of RCM-1 cells for 4
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Figure 4. Cytostaticity of MTPE in RCM-1 cells. RCM-1 cells (1.5 x
10 were each seeded into 35-mm plastic culture plates for cytostatic
effects of MTPE. The cells were treated for 4 days with vehicle or authentic
MTPE, and then the number of cells was determined. Each value
represents an average of eight replicates + standard deviation. Values
followed by the same letter (a) are not significantly different (p < 0.05) by
multiple comparison test of Fisher's PLSD.

days with authentic MTPE between the doses of 0.25 and 2
mM progressively increased the percent area occupied by duct
structures relative to the control, and also induced an increase
in the number and the maximum diameter of the ducts in each
culture plate (Figure SB—F).

Effect of MTPE on the Activity of ALPase in RCM-1
Cells. The constitutive activity of ALPase in RCM-1 cells before
reaching confluency was 6.0 mU/mg of protein (Table 2). A
general increase of ALPase activity (17.3 mU/mg of protein)
occurred after reaching confluency, which is when the ducts
began forming. Kaempferol (20 uM), which is a chemical
known to induce differentiation, enhanced the activity of ALPase
to 28.2 mU. After the treatment of RCM-1 cells with authentic
MTPE for 4 days, the ALPase activity increased to 22.3 and
42.4 mU at 0.25 and 2 mM MTPE, respectively. These results
indicate that MTPE possess potential anticarcinogenic properties
by inducing differentiation in well-differentiated colon cancer
cells.

DISCUSSION

A crude extract from Japanese pickling melon, Katsura-
uri, exhibited anticarcinogenic properties by inducing dif-
ferentiation in a well-differentiated human colon cancer cell
system, RCM-1. To identify the active ingredient in this
extract we used a bioassay guided purification scheme that
relied on the induction of differentiation of RCM-1 cells as
determined by duct formation and alkaline phosphatase
activity. The fractionation scheme began with various solvent
extractions followed by silica gel column chromatography
and then silica gel thin-layer chromatography. Using this
fractionation scheme, we successfully purified the active
ingredient, which was identified as 3-methylthiopropionic
acid ethyl ester, based on GC retention time, EI-MS, and 'H
NMR and '*C NMR spectra. These results were further
confirmed when authentic MTPE gave the same retention
times and mass and NMR spectra as the isolated compound.
The dose range of authentic MTPE that induced differentia-
tion in RCM-1 cells was between 0.25 to 2 mM. This is
similar to the dose range (1 to 10 mM) that butyrate induced
differentiation in other well-differentiated human colon cancer
cell lines (Caco-2 and HT-29) (16, 17). Butyrate is a
commonly used benchmark compound in cell differentiation
experiments.

Most chemicals presently known to induce differentiation
in colon cancer cell types are typically at cytostatic concentra-
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Figure 5. Enhancement of the duct formation of MTPE in RCM-1 cells. The differentiation potential of MTPE was determined by seeding 3 x 10° RCM-1
cells into 35-mm plastic culture plates and then treated for 4 days with vehicle (A), and authentic MTPE (B: 0.25 mM; C: 0.5 mM; D: 1 mM; E: 2 mM),
and then the formation of ducts were visually determined by using phase contrast microscopy and the resulting images were used for quantifying three
parameters of these ducts. The values of the three parameters are indicated in parentheses, and sequentially represent the number of ducts, percent
of the total area occupied by duct structures, and the diameter of the maximum size of duct in each culture plate. Each value represents an average
of three replicates + standard deviation. The data were plotted as a fraction of the control for each parameter (F: O, the number of ducts; @, percent
of the total area occupied by duct structures; O, the diameter of the maximum size of duct). Bar inset = 0.75 mm. Arrows show an example of typical
duct formation. Values followed by different letters (among a, b, ¢, and d) are significantly different (p < 0.05) by multiple comparison test of Fisher's

PLSD.

tions (/4—20). For instance, induction of differentiation by 1a-
hydroxy- and 1p3-(hydroxymethyl)-vitamin D inhibited cyclin
DI1-dependent cell proliferation (/5), and induction of dif-
ferentiation by butyrate resulted in the inhibition of protein

kinase C, JNK, and MEK-ERK signal transduction pathways
(16, 17), and induction of differentiation by kaempferol inhibited
ERK and STAT3 (20). We have determined that the cytostatic
dose of MTPE in RCM-1 cells was over 4 mM, thus MTPE
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uniquely induces differentiation (0.25 to 2 mM) at noncytostatic
levels. However, MTPE did not induce any duct formation at 4
mM in RCM-1 cells. These results are similar to kaempferol,
which is a known inducer of differentiation, which also did not
induce duct formations at cytostatic doses (23). We consequently
hypothesized that the RCM-1 cells will show duct formation
without cyctostatic-induced cell growth arrest by differentiation
inducers.

MTPE, a common component in melons, was first identi-
fied as a volatile constituent of muskmelon (C. melo var.
reticulatus) fruit (24). Following the report, different cultivars
of melons such as cantaloupe (C. melo var. cantalupensis),
golden crispy (C. melo cv. golden crispy), and Queen Anne’s
pocket melon (C. melo var. dudaim) were found to be a rich
source of MTPE (25—27). MTPE is also found in the fruits
of other plant families, such as prickly pear (Opuntia ficus)
and Asian pear (Pyrus serotina). Presently, the distribution
of MTPE is considered to be mainly in melons, and to a
lesser extent in some fragrant fruits (28, 29). MTPE is formed
as a fragrant ester of fruits that correlate with ripening, and
for many years the function of this compound was considered
to be primarily for the production of these odors in the
ripening process of melon type fruits. However, the potential
medical benefits of this fragrant ester have not been realized.
The results of this study indicating that MTPE can induce
differentiation of the RCM-1 well-differentiated human
colon cancer cells is the first report of anticarcinogenic
properties for this compound. Our findings indicate that the
chemopreventative properties of a fruit, such as Katsura-uri,
Makuwa-uri, and muskmelon, can depend on phytochemicals,
i.e., MTPE, which are neither the vitamin nor fiber-based
components. In addition, wild melons contain more MTPE
than the midshelf and long-shelf life cultivars indicating
differences in the ripening behaviors (30), and can thus
influence the anticarcinogenic potential of melons.

Lastly, since MTPE identified in this study represents a
principal differentiation activity found in a fully ripened Katsura-
uri Japanese pickling melon and other melon cultivars, future
experiments determining the underlying mechanisms of how
this compound induces differentiation will help us understand
its anticarcinogenic properties.

ABBREVIATIONS USED

MTPE, 3-methylthiopropionic acid ethyl ester; ALPase,
alkaline phosphatase.
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