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Abstract

Actions of chlorogenic acid, a major component of coffee, and its constituents, caffeic and quinic acids, on the
proliferation and invasion of AH109A, a rat ascites hepatoma cell line, were investigatedinsiitp assay
systems. All three components suppressed the AH109A invasion at concentrations pf\-without altering

the cell proliferation. At the concentration of LM, chlorogenic, caffeic and quinic acids significantly (P < 0.05)
suppressed the invasion by 68%, 36% and 31%, respectively, implying that the suppressive effect of chlorogenic
acid on the AH109A invasion might result from the additive effects of its constituents, caffeic and quinic acids.
At the concentration of 1@M, cinnamic acid and p-coumaric acid (4-hydroxycinnamic acid) exerted no or little
influence on the invasion, whereas caffeic acid (3,4-dihydroxycinnamic acid) significantly (P < 0.05) suppressed
it, suggesting the possible involvement of the 3,4-dihydroxy group of caffeic acid in the suppression. Chlorogenic
acid was thus demonstrated to be one of the chemical entities in coffee suppressing the hepatoménimiasjon

and both of its constituents, caffeic and quinic acids, to be responsible for the anti-invasive activity. These results
suggest the existence of nutritionally and pharmacologically important substances in coffee which control tumor
cell invasion.

Introduction various foods with potential to suppress the prolif-
eration and/or invasion of hepatoma cells (Yagasaki,

Endless proliferation and metastasis are two biolo- 1995; Yagasaki and Miura, 1999). For example, not

gical properties of cancer cells. Cancer metastasis isONly extracts of green, oolong and black teas but

achieved by a series of steps (Fidler et al., 1978). The also rat serum obtained after oral intubation of each
invasion of cancer cells is an important and character- (€@ extract demonstrated such suppression (Zhang et

istic step of the metastasis (Liotta et al., 1983). Thus, &l 1999). Among the tea components screened, (-)
the inhibition of endless proliferation and invasion by -€Pigallocatechin gallate (EGCG) was most effective
some substances will prolong the life span of hosts against both the proliferation and invasion of hep-

with cancer. In fact, some polyphenolic compounds &toma cells (Zhang et al., 1999). The peroral admin-
have been reported to prolong the life span of mice istration of EGCG to mice had been reported to inhibit

bearing melanoma cells (Menon et al., 1995). As a the metastasis and growth of B16 melanoma dells
strategy to screen such materials from foods and nat- Vive (Taniguchi et al., 1992). These findings strongly
ural products,in vitro assay systems using cultured demonstrate the above-mentiomeditro proliferation
cells seem to be useful prior e vivo study. We and invasion assay systems are useful prianteivo
described earlier simple assay methods for the pro-Study.

liferation and invasion of hepatoma cells (Miura et Coffee is another beverage as popular as tea. We
al., 1997a). Using these methods, we have selecteghave reported that instant coffee powder solution itself
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and serum obtained after oral intubation of the solu- using a cell counting kit (Wako Pure Chemical In-
tion also have both anti-proliferative and anti-invasive dustries Ltd., Osaka, Japan). For WST-1 assay, 5 X
activities to hepatoma cells (Miura et al., 1997b). In 10° AH109A cells were cultured for 44 h in each
the present study, the actions of chlorogenic acid, an well of a 96-well plate (flat bottom, FALCON, Becton
ester of caffeic acid and quinic acid, on the prolif- Dickinson and Co., Franklin Lakes, NJ, USA) con-
eration and invasion of these cells were investigated taining 10% CS/DM-160 in the absence or presence
using thein vitro assay systems to identify effective of test compounds. An aliquot (3d) of WST-1 solu-
components in coffee. Chlorogenic acid was demon- tion was then added and the cells were cultured for
strated to be one of the chemical entities suppressinganother 4 h. Viable cells can make WST-1 produce
the invasion of hepatoma cells. highly water-soluble formazan dye and the absorbance
at 415 nm and 595 nm was measured with a microplate
reader (Bio-Rad Laboratories, Model 450, Hercules,

Materials and methods California, USA) as described previously (Zhang et
al., 1999). The relative proliferation rate of AHL09A
Materials was calculated between the control (100%, no test

. . - . _ ) ) compounds) and test groups.
Chlorogenic acid, quinic acid, caffeic acid, cin-

namic acid and p-coumaric acid were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). These
compounds were dissolved in dimethyl sulphoxide The effects of test compounds on the invasion of
(DMSO, Sigma Chemical Co.), and added to exper- ApH109A cells were examined by the co-culture sys-

imental media at the cqncentrati(_)ns indicated in each o, (Akedo et al., 1986) with slight modifications as
figure. The control medium contained DMSO alone as described previously (Miura et al., 1997a). Briefly,

vehicle at a final concentration of 0.1%.

In vitro invasion assay

primary cultured mesothelial cells (M cells) from mes-
entery of rats were seeded at a density of 1.5 X 10
cells/60 mng culture dish with 2 mm grids (Corning
Glass Works, Corning, NY, USA) and cultured in 3 ml
of 10% CS/DM-160 for 7-10 days to attain a conflu-
ent state. AH109A cells (2.4 x ?pwere then seeded
on the monolayers of M cells and cultured for 48 hr
without or with test substances. Invading AH109A
cells and colonies underneath M cell layers were
counted with a phase-contrast microscope (Olympus,
Tokyo, Japan). Usually 10 areas were counted and
the invasive activity of AH109A was indicated by the
number of invading cells and colonies/&nControl
values of this assay vary among experiments prob-
ably due to delicate interactions between M-cells and
AH109A cells. This phenomenon, however, has no
practical significance in investigations on the actions
of test substances.

Cultures of hepatoma (AH109A) cells

AH109A cells, a rat ascites hepatoma cell line, were
obtained from the Institute of Development, Aging
and Cancer, Tohoku University, Sendai, Japan, and
maintained in peritoneal cavities of male Donryu rats
(NRC Haruna, Gunma, Japan). The hepatoma cells
prepared from accumulated ascites were cultured in
DM-160 medium (Kyokuto Pharmaceutical Co., Ltd.,
Tokyo, Japan) supplemented with 10% calf serum
(CS, obtained from JRH Biosciences, Lenexa, KS,
USA), streptomycin (10@.g/ml, Meiji-seika Kaisha,
Tokyo, Japan) and penicillin (100 U/ml, Ban-yu Phar-
maceutical Co., Tokyo, Japan) (10% CS/DM-160) for
up to 2 months. AH109A cells cultured for at least 1
week after preparing them from rat ascites were used
for the assays described below in order to eliminate
contaminated macrophages and neutrophils. o )
Statistical analysis

In vitro proliferation assay
Data were expressed as meafsstandard errors.

The effects of test compounds (chlorogenic acid, Statistical analysis was carried out using a one way
quinic acid, caffeic acid, cinnamic acid and p- analysis of variance (ANOVA), followed by Tukey’s
coumaric acid) on the proliferation of AH109A cells Q test.

were examined by WST-1 [2-(4-iodophenyl)-3-(4-

nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium.Na]

method (Ishiyama et al., 1993; Ishiyama et al., 1996)
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Figure 1. Effect of chlorogenic acid on the proliferation and invasion of AH109A. Chlorogenic acid was dissolved in culture medium at the
concentrations indicated. The proliferative activity of AH109A (A) was determined by the WST-1 method and the invasive activity (B) by the
co-culture system as described in Methods section of the text. The relative proliferation rate of AH109A was calculated between the absorbance
of control (no test component) and test groups, and expressed as % of control. Each point and vertical bar represents the mean and SEM for 6
wells (A) or 10 areas (B)"’.‘b‘\/alues not sharing a common alphabetical letter are significantly different at P < 0.05 by Tukey's Q test.
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Figure 2. Effect of quinic acid on the proliferation and invasion of AH109A. Quinic acid was dissolved in culture medium at the concentrations
indicated. The proliferative activity of AH109A (A) was determined by the WST-1 method and the invasive activity (B) by the co-culture system

as described in Methods section of the text. The relative proliferation rate of AH109A was calculated between the absorbance of control (no
test component) and test groups, and expressed as % of control. Each point and vertical bar represents the mean and SEM for 6 wells (A) or 10
areas (B)?b\/alues not sharing a common alphabetical letter are significantly different at P < 0.05 by Tukey’s Q test.
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Figure 3. Effect of caffeic acid on the proliferation and invasion of AH109A. Caffeic acid was dissolved in culture medium at the concentrations
indicated. The proliferative activity of AH109A (A) was determined by the WST-1 method and the invasive activity (B) by the co-culture system

as described in Methods section of the text. The relative proliferation rate of AH109A was calculated between the absorbance of control (no
test component) and test groups, and expressed as % of control. Each point and vertical bar represents the mean and SEM for 6 wells (A) or 10
areas (B)?b\/alues not sharing a common alphabetical letter are significantly different at P < 0.05 by Tukey’s Q test.

Table 1.Comparison of inhibitory effects of chlorogenic, quinic and caffeic acids on the
invasion of AH109A

Component Concentration  No. of invaded cells

added M) and colonies/crh % inhibition % of control
None (control) - 535t 61a 0.0 100.0
Chlorogenic acid 10 17@ 23b 68.2 31.8
Quinic acid 10 37Gt 37c 30.8 69.2
Caffeic acid 10 343 27c 35.9 64.1

Chlorogenic, quinic and caffeic acids were dissolved in culture medium at the concentration
of 10 uM. The invasive activity was determined by the co-culture system as described in
Methods section of the text. Each value represents the saeBEM for 10 areas. % inhibition

= {1—(value of each test compound/value of control)}leB‘.\/alues not sharing a common
alphabetical letter are significantly different at P < 0.05 by Tukey’s Q test.

Results suppressed the AH109A invasion at concentrations of
5-40uM (P < 0.05) without affecting the proliferation
We first examined the effect of chlorogenic acid, a of the hepatoma cells.
major coffee component, on the proliferation and inva- The anti-invasive activities of chlorogenic acid and
sion of AH109A (Figure 1). Chlorogenic acid exerted the two constituents were compared at the same con-
no influence on the AH109A proliferation at concen- centration of 10uM (Table 1). Chlorogenic acid
trations up to 4QuM in the medium, while it com-  significantly (P < 0.05) suppressed the AH109A inva-
menced to suppress the invasion at/2\, suppressed  sion by 68%, that is, the invasive activity of the tumor
it approximately linearly to 2@M, and maintained an  cells treated with this acid was only 32% that of con-
inhibitory effect up to 4QuM (P < 0.05). trol cells (untreated cells). Likewise, quinic acid and
Chlorogenic acid is an ester of quinic acid and caffeic acid also significantly (P < 0.05) suppressed the
caffeic acid. We next tested which constituent was AH109A invasion by 31% and 36%, respectively; the
responsible for the suppressive effect, and found that invasive activities of the tumor cells treated with these
both quinic acid (Figure 2) and caffeic acid (Figure 3) acids were 69% and 64% that of the control cells. The
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Figure 4. Structure-activity relation for the proliferation and invasion of AH109A among caffeic, p-coumaric and cinnamic acids. The three
acids were dissolved in culture medium at the concentration pfMOT he proliferative activity of AH109A (A) was determined by the WST-1

method and the invasive activity (B) by the co-culture system as described in Methods section of the text. The relative proliferation rate of
AH109A was calculated between the absorbance of control (no test component) and test groups, and expressed as % of control. Each value and
vertical bar represents the mean and SEM for 6 wells (A) or 10 area83®jlues not sharing a common alphabetical letter are significantly
different at P < 0.05 by Tukey’s Q test.

suppressive effect of chlorogenic acid (68%) thus was only an anti-proliferative activity but an anti-invasive
almost equal to the sum (67%) of those of quinic acid one to hepatoma cells (Miura et al., 1997b). A filtered
(31%) and caffeic acid (36%). extract of powdered coffee bean and serum obtained
To learn the structure-activity relation among cin- after oral intubation of the extract also show anti-
namic acid, p-coumaric acid (4-hydroxycinnamic invasive activity to hepatoma cells (Furuse et al.,
acid) and caffeic acid (3,4-dihydroxycinnamic acid), 1998). In the present study, chlorogenic acid was
the effects of these three acids on the proliferation and demonstrated to be such a chemical entity in coffee
invasion of AH109A were examined at LM (Figure suppressing the hepatoma invasion (Figure 1).
4). All three acids used here were predominantly trans  Chlorogenic acid is an ester of quinic acid and
isomers. Caffeic acid significantly (P < 0.05) sup- caffeic acid. Both moieties suppressed the AH109A
pressed the AH109A invasion, whereas cinnamic acid invasion at concentrations of 5—4M, but did not af-
and p-coumaric acid exerted no or little influence on fect the proliferation (Figures 2 and 3). These findings
the invasion. None of the three acids had any influence indicate that the two constituents are responsible for
on the AH109A proliferation. the suppressive effect of chlorogenic acid. At the same
concentration of 1@&M, chlorogenic acid, quinic acid
and caffeic acid significantly suppressed the AH109A
Discussion invasion by 68%, 31% and 36%, respectively (Table
1). Thus, the suppressive effect of chlorogenic acid
Instant coffee powder solution itself and serum ob- (68%) on the AH109A invasion might result from the
tained after oral intubation of the solution show not additive effects of its quinic acid (31%) and caffeic
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acid (36%) constituents. Orally intubated chlorogenic gest that substance(s) other than these acids must exist
acid is reportedly cleaved in stomach and intestine, in coffee which suppress the hepatoma proliferation.
and absorbed presumably in the form of its primary

fragments or further metabolites (Czok et al., 1974).

Thus, caffeic and quinic acids derived from chloro- Acknowledgements

genic acid or their metabolites may act independently _ )
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Caffeic acid, one of the two anti-invasive frag-
ments of chlorogenic acid, is cinnamic acid with the
dihydroxy group. To know the contribution of di-
hydroxy group of caffeic acid to the anti-invasive akedo H, Shinkai K, Mukai M, Mori Y, Tateishi R, Tanaka K,
activity, the effects of cinnamic acid and p-coumaric Yamamoto R and Morishita T (1986) Interaction of rat ascites
acid (4-hydroxycinnamic acid) on the hepatoma in- fhoerpti‘tna":ra}nflz'so‘r’]mg;nuc'g;i ;“49505?&2&'2292”2'33’951 A model
vasion were compared with that of caffeic acid (3,4- gooi, AN, Robbins DJ, Masti MS and DeEds F (1960) Excretion
dihydroxycinnamic acid) at the concentration of 10 of catechol after ingestion of quinic and shikimic acids. Nature
uM, using their trans isomers (Figure 4). Cinnamic 187: 691. )
acid and p-coumaric acid exerted no or little influence C20k G, Walter W, Knoche K and Degener H (1974) Uber die Re-

. . . Sy sorbierbarkeit von Chlorogensaure durch die Ratte. Z Ernédhrung-
on the AH109A invasion, whereas caffeic acid signi- s 13- 108-112.

ficantly suppressed it. These results suggest the pos-Fidler 13, Gersten DM and Hart IR (1978) The biology of cancer
sible involvement of 3,4-dihydroxy group of caffeic invasion apd r.netas'tasis. Adv Cancer Res 28:149-250.
acid in suppressing the AH109A invasion, aIthough Furuse T, Shiomi H, Miura Y and Yagasaki K (1998) Coffee’s inhib-

. . . itory action on the invasion of hepatoma cells co-cultured with
further studies are needed to Cla”fy this. mesothelial cells. In: Nagai K and Wachi M (eds) Animal Cell

Chlorogenic acid and caffeic acid have radical  Technology: Basic and Applied Aspects, Vol. 9 (pp. 127-130).
scavenging activities (Morishita and Kido, 1995). This  Kluwer Academic Publishers, Dordrecht.

Ishiyama M, Shiga M, Sasamoto K, Mizoguchi M and He PG (1993)
property of these coffee components may play a role A new sulfonated tetrazolium salt that produces a highly water-

in their anti-invasive action, s_ince su_per0>§ide ra_di.cals soluble formazan dye. Chem Pharm Bull 41: 1118-1122.
have been reported to potentiate the invasive activity of Ishiyama M, Tominaga H, Shiga M, Sasamoto K, Ohkura Y and
hepatoma (AH130) celli vitro which is suppressed Ueno K (1996) A combined assay of cell viability aimdvitro

- . - . cytotoxicity with a highly water-soluble tetrazolium salt, neutral
by superoxide dismutase and catalase (Shinkai et al., red and crystal violet. Biol Pharm Bull 19: 1519-1520.

1986, Mukai et al., 1987). Caffeic acid is known koshihara Y, Neichi T, Murota S, Lao A, Fujimoto Y and Tatsuno
as an inhibitor of 5-lipoxygenase (Koshihara et al., T (1983) Selective inhibition of 5-lipoxygenase by natural com-
1983), an enzyme involved in leukotriene synthesis. pounds isolated from Chinese plandgtemisia rubripesNakai.
Linoleic acid-stimulated breast cancer cell invasion FEBS Lett 158: 41-44. L

o . . Liotta L, Rao CN and Barsky SH (1983) Tumor invasion and the
vitro is blocked by esculetin, a 5- and 12-lipoxygenase  extracellular matrix. Lab Invest 49: 636-649.
inhibitor (Liu et al., 1996). Thus, an inhibition of LiuX-H, Connolly JM and Rose DP (1996) Eicosanoids as mediat-
Iipoxygenase appears to be another possible mechan- ©rs of linoleic acid-stimulated invasion and type IV collagenase

. for th ti-i . tivity of caffei id d production by a metastatic human breast cancer cell line. Clin
Ism Tor the anti-invasive activity or callfeic acid an Exp Metastasis 14: 145-152.

hence chlorogenic acid. The mechanism for the inhib- Menon LG, Kuttan R and Kuttan G (1995) Inhibition of lung
itory action of quinic acid on the AH109A invasion is metastasis in mice induced by B16F10 melanoma cells by

not clear at present, although some phenolic metabol- _ Polyphenolic compounds. Cancer Lett 95: 221-225.

. . . Miura Y, Shiomi H, Sakai F and Yagasaki, K (1997a) Assay systems
'teS_(?f quinic a(_:'d (Booth et. al., 196_0) formed gfter for screening food components that have anti-proliferative and
addition to medium or following oral ingestion might anti-invasive activity to rat ascites hepatoma céfisiitro andex

be involved in the anti-invasive activity. vivo effects of green tea extract. Cytotechnology 23: 127-132.

Coffee extract itself and serum obtained after oral Miura Y. Furuse T and Yagasaki K (1997b) Inhibitory effect of
serum from rats administered with coffee on the proliferation

intubation of the extract significantly inhibited the and invasion of rat ascites hepatoma cells. Cytotechnology 25:
AH109A proliferation as well as the invasion (Miura 221-225.

et al., 1997b). Chlorogenic, quinic and caffeic acids Morishita H and Kido R (1995) Antioxidant activities of chloro-
exerted no influence on the proliferation at concentra- genic acids. Proceedings of 16th International Scientific Col-

. . . loquium on Coffee, Vol. 1 (pp. 119-124). Association Scienti-
tions up to 404M in the medium. These results sug- fique Internationale du Café, Paris.
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