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does not produce the uncomfortable effects of raw garlic (33),
and could be suitable for long-term use. Although mechanisms
of the chemopreventive effect of garlic have been investigated,
it has not been reported whether aging the product inhibits
colon carcinogenesis in vivo. We investigated the inhibitory
effect of AGE on 1,2-dimethylhydrazine (DMH)-induced colon

carcinogenesis in rats.

MATERIALS AND METHODS

Animals, diet, and materials. Five-wlk-old male Sprague-Dawley
rats were obtained from Seac Yoshitomi Co. The rats were maintained
according to the Institutional Animal Care Guidelines and acclimated
to the diet and environment for 2 wk after arrival. They were housed
3.per-rack-mounted wire cages and given tap water ad libitum. The
temperature (20-22°C), humidity (45-55%), and lighting (12 h light/
dark cycle) were constantly controlled. AGE was manufactured as
follows: Garlic cloves were sliced and soaked in a water-ethanol
mixture solution and naturally extracted for >10 mo at room
temperature (34). The extract was evaporated dry and mixed with a
basal powder diet at a concentration (wt:wt) of 4%. CE-2 (CLEA
Japan} was used as a basal diet throughout the study. DMH was
purchased from Tokyo Kasei Industries. Menoclonal antibady MIB-5
(M7248) against Ki-67 antigen was purchased from Dako Cytomation.

Carcinogenesis protocol. The experimental protocol is shown in
Figure 1. A total of 60 rats were randomly distributed into 4 groups. The
ratsint group 1 (n = 12) were fed a basal diet and received subcutaneous
injection of normal saline (0.2 ml) once a week for 20 wk as control,
Group 2 (n = 12} rats were fed a diet containing 4% AGE. Group 3 {n = 18)
rats were fed a basal diet and received subcutaneous injection of
DMH at a dose of 20 mg/kg weight, once a week for 20 wk. Group 4
(n = 18} rats were fed a diet containing 4% AGE and received the same
DMH injections as group 3. Food intake and body weight of the rats
were recorded weekly. Rats were killed at 5 wk after the last injection of
DMH by ether inhalation and the weights of the liver, spleen, and
kidney were measured. Venous samples were collected from hearts
using a tube containing sodium citrate, cenrifuged for 10 min at 3000
X g, and the supernatant fluid was stored at —20°C undil analysis. At
autopsies, the entire intestinal tracts were removed, flushed free of feces
with saline, and cut open along the longitudinal axis. The number, size,
and location of intestinal tumors were recorded.

Concentration of serum S-allylcysteine. Serum S-allylcysteine mea-
sured as 2 compliance marker by HPLC studies using a post-column
o-phthalaldehyde derivatization {on-exchange HPLC procedure with
flucrescence detection (35).

Determination of aberrant crypt foci. For the aberrant crype foci
{ACF) analysis, colons were placed flat between two filter papers and
fixed in 10% formalin in 0.01 mol/L. phosphate-buffered saline (PBS;
pH 74) for 24 h. They were briefly dipped in a 2% solution of
methylene blue in distilled water for 2 min and placed on a microscope
slide, with the mucosal surface up, under a dissecting microscope. Ata
magnification of 40, ACF were distinguished from the surrounding
normal-appearing crypts by their large and elliptical luminal openings
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FIGURE 1 Experimental protocol. N.S., normal saline (0.2 ml/rat,
s.c. injection % 1/wk); DMH, 1,2-dimethylhydrazine (20 mg/kg hody wt,
s.C. injection X 1/wk).

{36). The toral number of ACF and the number of ACF with 4 ot more
aberrant crypts were counted.

Histopathological examination. Normal-appearing colons and all
protrusions were embedded in paraffin. Each specimen was cutintoa 2
pm-thick section for hematoxylin and eosin and immunohistochemical
staining, When the protrusion proved to be a fymph follicle by his-
telogical examination, it was excluded from the records and analysis.

Immunohistochemistry. Immunohistochemistry using monoclo-
nal antibody MIB-5 against Ki-67 antigen was performed as a celi-
proliferation marker. Each section was deparaffinized by xylene and
rehydrated with graded alcohols. The sections were retrieved in a
microwave oven (300%) in citrate buffer (pH 6.0} for 10 min at 100°C.
Endogenous peroxidase activity was blocked by incubation of slides
in absotute methanol containing 3% hydrogen peroxidase (H,O,) for
10 min at room temperatuse (RT). The sections were sequentially
pre-incubated with 109 normal rabbit serum for 10 min at RT ro block
the possible background staining by the secondary antibody. They were
then incubated with antibody MIB-5 at its working dilution of 1:20.
After 60 min at RT, they were treated with EnVision reagent (Dako
Cytomation) for 30 min. They were washed three times with PBS
after each incubation, and 3,3'-diamincbenzidine was employed as a
chromogen. The nuclei were lightly counterstained with Mayer’s
hematoxylin solution. The primary antibodies were replaced with PBS
containing 0.1% bovine serum albumin as a negative control,

For determination of immunostaining, epithelial cells of the middle
colon were counted from the lowest point to the tip of the crypt {full-
length crypts) by light microscopy using 400 X magnification. The
nurnber of positively stained cells in each crypt column was recorded.
The results were defined as the ratio of the number of positive-stained
cells to the total number of cells counted (at least 500), and then
multiplied by 100. In all cases, the counts were made by 2 independent
observers who were unaware of the experimental condition or other
results obtained.

Statistical analysis. Values were expressed as means = SD All
statistics were computed using a suitable program (SAS/STAT software).
Unpaired Student’s ¢ test and chi-square test were used to detect
statistically significant differences between groups. A P-value of < 0.05
was considered significant.

RESULTS

Food intake, body weight, organ weight, and macroscopic
finding. At the end of the study, no macroscopic abnormality
was observed in other intra-abdominal organs except in the
intestinal tract. Rody, liver, spleen, kidney, relative liver
weights (g/100 g body wt), and food consumption (g/day per
zat) in all groups are shown in Table 1. Average food intake did
not differ significantly among the groups, which indicates that
AGE administration did not suppress the calorie intake.

Concentration of serurn SAC. Although SAC was not
detected in the serum of rats in group 1, it was detected from all
& evaluated rats in group Z {range from 67 to 83 pg/L}).

Number, size, and lecation of intestinal tumors, Intestinal
tumors were only recognized in DMH-treated groups. The
tumor incidence {tumor-bearing rat/rat} in the colons of group
4 (66.79%) was lower than that of group 3 (77.8%), but with no
significarit difference. The tumor incidence in the small in-
testine of group 4 (33.3%) was significantly lower than that
of group 3 (93.3%) (P = 0.0004). The multiplicity of intestinal
tumors i presented in Figure 2. The tumor multiplicity
(number of tumors/rat) in the colons of group 3 was 3.7 £ 1.0
and that of group 4 was 1.0 = 1.0, which proved lower than
group 3 (P = 0.0081). Also, the tumor multiplicity in the small
intestine of geoup 3 was 1.6 == 1.3, and that of group 4 was 0.4
+ (.7, which was lower than group 3 (P = 0.0001). The mean
diameter of colon tumors in group 4 was smaller than that of
group 3, but with no significant difference. As to the site of the
tumors, the DMH-treated rats had tumors throughout the
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TABLE 1
Mean Food Intake, Final Body Weight, and Organ Weight of Rats’

Mean Food Organ Wt
Intake at 27 wk Body - . -
Group Treaiment (g/day/frat) Weight (g) Liver (g} Relative Liver (%}* Spleen (g} Kidney (g)
1 None 31.0 7678 £ 674 23045 3.0+ 04 1.2 =02 21 +£02
2 AGE 32.0 790.0 £ 65.3 23.8 = 36 3.0=x03 1.2 = 0.1 22 x02
3 DMH 30.7 658.3 = 584 17.3 £ 3.3 26+ 03 1.7 % 04 2103
4 DMH 4+ AGE 30.5 6804+ 714 179 £ 3.6 2603 1.5 = 0.5 2103

1 Values expressed are means = SD.
™ g/100 g body weight.

intestinal tract, from the duodenum to the distal colon. Colon
tumors in group 3 were located in the proximal colon (21.8%),
middle colon {52.7%), and distal colon (25.5%). Those of
group 4 were located in the proximal colon (33.3%), middle
colon {66.7%), and distal colon (33.3%), in which there was no
significant difference between groups.

Development of ACF. Figure 3 summarizes the data on
colonic ACF formation. Groups 1 and 2 showed no ACF. All
DMH-treated rats in groups 3 and 4 developed ACF. In group
3, DMH induced 273.3 % 106.0 ACF per rat, and AGE-
treatment significantly reduced the number of ACF in group
4 (P < 0.0001). Also, the number of ACF with 4 or more
aberrant crypts was reduced in group 4 as compared to group 3
(P = 0.0002).

MIB-5-labeling index. Monoclonal antibody MIB-5 showed
clean and distinct nuclear staining of basal proliferating cells of
crypts, thus showing identical patterns as reported for MIB-1 in
corresponding human tissues. The mean MIB-5-labeling in-
dices are presented in Figure 4. MIB-53-labeling index of group
4 (22.9 £ 8.3) was significantly lower than group 3 (37.8 = 5.0)
{P < 0.0001).

DISCUSSION

Chemoprevention has the potential to be a major compo-
nent of cancer control. Accumulating evidence indicates that
various food ingredients may play an essential role in colon
cancer prevention (37—43). The AGE used in this study is an
extract of fresh garlic that is aged over a prolonged period and
contains water-soluble allyl amino acid derivatives, which
account for most of its organosulfur content, stable lipid-soluble
allyl sulfides, flavonoids, saponins, and essential macro- and
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FIGURE 2 Multiplicity of intestinal tumor. The tumor multiplicity
{number of tumors/rat) of the AGE-treaied group was significantly lower
than that of the basal diet group both in the small intestine (P = 0.0001)
and colon {P = 0.0081).

micronutrients (44). The lipid-soluble volatile organosulfur
compound allicin, which is produced enzymatically when garlic
is cut or chopped, is absent in AGE. We showed that AGE
given orally significantly reduced DMH-induced colon tumor
and ACF without causing any apparent adverse effects. The
results are mostly consistent with previous rodent chemopre-
vention studies using other garlic preparations or its constit-
uents {9-13).

ACF are useful intermediate biomarkers in detecting mod-
ifying influences of natural and synthetic compounds on chem-
ically induced colon carcinogenesis, which represents the
preneoplastic lesions. Furthermore, the percentage of large
ACF consisting of 4 or more aberrant crypts is considered a
better intermediate biomarker of tumor occurrence than the
number of ACF alone (45). Recently, Yamada et al. reported
that the presence of B-catenin accumulated crypts {3-CAC),
which appear soon after carcinogen exposure like ACF (46),
and suggest that 8-CAC is more likely to be a direct precursor
of colon tumors than classical ACF in rats (47). In our study,
AGE lowered the number of ACF, suggesting that AGE may
inhibit the growth of ACF through suppression of cell pro-
liferation in colonic mucosa exposed to DMH, and observations
support the role of ACF as precursors to colon cancer.

Cell proliferation plays an important role in multistage
carcinogenesis with multiple genetic changes (48). Modulation
of cell-proliferation activity in target orpans is one of the
important actions of cancer chemoprevention (49). The
nuclear antigen, designated as the Ki-67 protein, is exclusively
expressed in the nuclei of all cells in Gy, S, and G; phases and
mitosis, but not in the Gy phase of the cell cycle (50}, and it has
therefore become useful for assessment of cell growth. MIB-
1 against the Ki-67 antigen is a reliable tool for determining
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FIGURE 3 Development of DMH-induced ACF. The number of ACF
was reduced in the AGE-freated group as compared to basal-diet group
(P < 0.0001). Also, the number of ACF with 4 or more aberrant crypis
(ACs) was reduced in the AGE treated group as compared with basal diet
group (P = 0.0002}.
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FIGURE 4 MIB-5-labeling index in normal colonic mucosa. The mean

MIB-5-labeling index of the AGE-treated group was lower than that of basal
diet group (P < 0.0001).

proliferating cells in human tissues. Recently, a novel mono-
clonal antibody MIB.5 was found to have the additional
advantage of being able to react with the rodent-equivalent Ki-
67 protein (51,52). Therefore, we used MIB-5 as an immuno-
histochemical proliferation marker, in which MIB-5-labeling
index in normal mucosa was decreased by dietary administra-
tion of AGE; therefore, it is suggested that AGE has che-
mopreventive effects through inhibition of cell proliferation in
the initiation period of colon carcinogenesis.

For preventive purposes, daily, long-term ingestion of pro-
duct is necessary. Thus, the safety of the product should be
considered seriously. Because different types of garlic prepara-
tions have different pharmacological properties, and some garlic
preparations may cause undesirable effects, including gastroin-
testinal problems, one should be cautious about their safety as
well as their effectiveness when choosing a preparation. The
major unique organosulfur compounds in AGE are water-
soluble SAC and S-allylmercaptocysteine, which have high con-
tent because they are produced during the process of aging (35);
they are relatively non-toxic to animals when compared with
other garlic volatiles, and they are likely to be more tolerable if
used in human prevention studies (10).

In conclusion, this study indicates dietary AGE has chemo-
preventive effects on chemically induced colon carcinogenesis
through medulation of cell proliferation and suggests possible
applications in human clinical trials. Based on these findings,
an interventional trial is being conducted in our collaborative
group, in which capsules containing AGE are given to determine
whether they reduce the prevalence of colon cancer or polyp.
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ABSTRACT Because colorectal cancer is likely to develop in many people at some peint during their lives, prevention
has become a high priority. Diet and nutrition play an Important role during the multistep colon carcinogenic process.
Garlic has been traditionally used as a spice and is well known for its medicinal properties; several studies have
indicated its pharmacologic functions, including its anticarcinogenic properties. However, the mechanisms by which
garlic can prevent colorectal cancer remain to be elucidated. This study investigated the effect of aged garlic extract
(AGE) on the growth of colarectal cancer cells and their angiogeneasis, which are important microenvironmental factors
in carcinogenesis. AGE suppressed the proliferation of 3 different colorectal cancer cell lines—HT23, SW480, and
SW620—in the same way, but its effects on the invasive activities of these 3 cell lines were different. the invasive
activities of SW480 and SW620 cells were inhibited by AGE, whereas AGE had no effect on the invasive activity of
Ht29 cells. The action of AGE appears to be dependent on the type of cancer cell. On the other hand, AGE enhanced
the adhesion of endothelial cells o collagen and fibronectin and suppressed cell motility and invasion. AGE also
inhibited the proliferation and tube formation of endothelial cells potently. These resulis suggest that AGE could prevent
tumor formation by inhibiting angiogenesis through the suppression of endothelial cell motility, proliferation, and tube
formation. AGE would be a good chemopreventive agent for colorectal cancer because of its antiproliferative action on

colorectal carcinoma cells and inhibitory activity on angiogenesis.
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In Westemn countries and Japan, the number and mortality
rate of patients with colorectal cancer have been increasing,
and these patients now represent the largest segment of the
population with cancer (1). When it is considered that patients
with gastric and uterine cancer have represented the largess
proportion of individuals with cancer in Japan in previous years,
and that the Japanese lifestyle has recently been quickly
Westernized, lifestyle has been supposed to play an important
role in cancer (2). Lifestyle factors such as diet and exercise are
known to be inrimartely associated with colorectal cancer, which
suggests that colorectal cancer can be prevented to some degree
by lifestyle alterations (3).

Colorectal cancer arises from normal cells as a consequence
of multistep carcinogenesis. The majority of cases occur spo-

2 Author disclosure: No relationships to disclose.

2 This study was supponted by a grant-In-aid for cancer research (13,14) from
the Minister of Health, Labour and Welfare (Chairman H. ishikawa} in Japan.

4 To whom correspondence should be addressed: E-mall: matsuura@sans,
med.osaka-U.ac.
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/I'/ FIGURE 1 Proliferation assay (WST
L assay) of colarectal carcinoma cells (A4,5)

or endothelial cells (C,D). These graphs
summarize the relative absorbance (415

¥ nm) of the profiferation reagem WST-1 for
* colorectal carcinoma cell lines HT29 (A)
and SW620 {B), or endothelial cell lines

ECV304 (C) and TRLEC () at 24, 48 and
72 h in the absence or presence of AGE
0.4 g, 1.0 giL, or 10 gl.. AGE inhibited
proliferation of both colorectal carcinoma
cells and endothelial cells in a dose-
dependent manner. Each bar represents
. the mean + 8D *, P < 0.05; (Student's ¢
test, compared with AGE absence).
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radically, caused by noninherited factors such as diet and other
environmental facrors (4). The multistage carcinogenic process
is actually an accumulation of multiple gepetic defects in
somatic cells, which may be influenced by several dietary
factors. Diet and nurrition play an important role in the cause
and primary prevention of colon cancer. Growing interest is
now being focused on dietary changes that can coneribute to
the inhibition of carcinogenesis (5,6). Dietary agents conrain
various nutrients and/or nonnuetient compounds possessing anti-
muragenic and anticarcinogenic properties.

Convincing epidemiologic evidence strongly suggests that
diets rich in vegerables protect against cancers of the colon and
rectum (7). Garlic (Allium sativum), traditionally used as a spice
in Asian and other cuisines, is well known for its medicinal
properties, with varied pharmacologic functions (8). The anti-
carcinogenic properties of garlic have been indicated in several
studies (9—11}. However, the mechanisms through which garlic
prevents colorectal cancer remain to be elucidated. The present
study was destgned to investigate the effect of aged gatlic ex-
tract (AGE)’ on colorectal cancer cells and also on angiogenesis,
a very important microenvironmental factor in carcinogenesis.

MATERIALS AND METHODS

Cell culture and reagents. Human colorectal carcinoma cell Jines
HT29, SW480, and SW620 were purchased fram American Type
Culture Collection (ATCC) and were cultured in Dulbecco's inodified
Eaple medium {(DMEM) (Nihonseiyaku) containing 10% fetal bovine
serum {FBS) {Dainippon Pharmaceutical Co., Tokyo, Japan), 10mg/mL
penicillin, and 10000-uAnL streptomycin (InvittoGen Corporation,
Carlshad, CA). For endothelial cells, the study used the ECV304 cell
and the transformed rat lung endothelial cell (TRLEC). ECV304 cells
were also obtained from ATCC and cultured in the same way, ECV304

5 Abbraviations used: AGE, aged garlic extract; ATCC, American Type Culture
Collection; BSA, bovine serum albumin; DMEM, Dulbecco’s mediled Eagle
medium; FBS, fetal bovine serum; TRLEC, fransformed rat fung endothelial cell.

48 2
hours

cells were originally considered human transformed endothelial cells,
but later they were considerad hladder cancer cells with a perfect
endaothelial cell phenotype. TRLECs were donated by Dr. Tsurufuji
{Institute of Cytosignal Research) (12} and were imaintained in DMEM
supplemented with 10% FBS and penicillin-streptomycin in the sane
way. Because ECV304 cells and TRLECs were transfonned, no growth
factars such as basic fibroblast growth factor or vascular growth factor
were required for the cell proliferation.

AGE was manufactured by Wakunaga Pharmaceutical Co. by
slicing cloves of garlic (Allium sativum) 2nd soaking them in a water-
ethanol mixture, which was then naturally extracted and aged for
>10 mo zt room temperature. The AGE we used contained ~28.6%
{wtv, 286 g/l solid material, 0.63% (6.3 g/L} arginine, and 0.1%
S-allylcysteine {dry wt basis) as a marker compound for standardization
{13,14). The AGE was used for the following in vitro assays.

Cell proliferation assay. Cell proliferation was evaluated by use
of a WST'I proliferation assay as previously described (15). Briefly,
1 % 10% cells of HT29, SW480, SW620, ar ECV304 cells or TRLECs
in 100 pumlL of DMEM containing 1% FBS were plated into each well
of 2 96-well plate. The cells were cultured in the absence or presence
of AGE concentrations of 0.1, 1.0, and 10 g/L. After 24, 48, and 72 h
incubation, 10 pmL of WST-1 (Dojinsha, WAKO) solution was
added to each well and ineubated for 2 h at 37°C, and the absorbance
at optical wavelength 415 nm was determined with a microplate
reader. The experitnents were performed in triplicate.

Matrigel chemoinvasion assay. Invasive activity through base-
ment membrane components was assessed by measuring the invasion
of colorectal carcinoma cells or endothelial cells through transwell
inserts with 8-pm pores coated with Matrigel {Becton Dickinson
Bioscience}, which includes Iaminin, type IV collagen, and perlecan—
extracellular matrix proteins composed of basement membrane {16}.
Added to the upper, well, with or without AGE at concentrations of
10g/L, were 1 X 10° cells of HT29, SW480, SW620, or ECV304 cells
or TRLECs. DMEM supplement with 10% FBS (700 pl) as a chemo-
attractant was added to the lower well. After incubation in 10% CO;
for 24 h at 37°C, the number of cells that had invaded to the lower
sutface of the Matrigel-coated membrane was counted in four random
fields under a microscope.

Cell adhesion assay. 96-well plastic plates were coated with 0.1, 1,
or 10 mg/L of collagen, laminin, or ibronectin (fwaki Glass Co.) in
phosphate-buffered saline (Invitrogen} for 2 h 2t 37°C and then
treated with 3% bovine serum albumin (BSA) for I hat 37°C, or were
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FIGURE 2 Matrigel chemoinvasion assay of colo-
rectal carcinoma celis (4) or endothefial cells (8). These &0 &0 *
graphs summarize the invaded celi counts for colerectal * T
carciroma cells, HT29, SW480, and SW620, and endo- 5
thelial cells, ECV304 and TRLEC at 24h in the ahsence 0
or presence of AGE 10 g/L. In colorectal carcinoma
cells the invasion of SW480 and SW620 cells was 30 a0
inhibited by AGE, whereas no invasion was induced for
HT29 cells. AGE suppressed invasion of both endo- 20 20
thelial cells. Each bar represents the mean = SD *,
P < 0.05; (Student's { test). 10 10}

coated with only BSA for negative control. The ECV304 cells or
TRLEGs (2 X 10° cells/inl) in serum-free DMEM contzining 0.1%
BSA were plated and incubated for 2 h at 37°C with or without AGE at
the concentration of 10 g/L. After removal of the medium, a 0.04%
crystal violet solution was added, and incubation was conducted for
10 min at room temperature. The wells were washed three times with
phosphate-huffered saline, and 20 gl of Triton X-100 was added for
permeahilization. Finally, distilled water was then added for a total
quantity of 100 plL, and the number of adherent cells was assessed with
a mictoplate reader {measurement wavelength 550 nm; reference
wavelength 630 nm).

Migration assay. The effect of AGE on endothelial celf migratory
activiry was examined by wound assay (17). We seeded 5 % 10° cells
of ECV304 ar TRLECs on the Petri dish, and theywere cultured in the
5% CO; incubator for 10 h until they were completely confluent. The
medium was then replaced with serum-free DMEM. One linear scar
was drawn in the monolayer by a yellow tip. A set of digital photas was
taken at the time of scarring, and the denuded area was marked by use
of NI image analysis software. The dishes were washed, and fresh
serum-free medium containing 0.1% BSA in the absence or presence
of AGE concentrations of .1, 1.0, and 10 g/L were added. After 3 h, a
second set of photos was taken. These photos were superimposed on
the first photo set to measure the migration of the cells. Cell migration
activity was evaluated by the unhealed wound area without migratory
cells, which was measured with pixel units in the computer analysis.
Each condition was tested in duplicate in two independent experi-
ments.

Tube formation assey. Tube formation was evaluated hy three-
dimensional collagen gel assay {18). A suspension of ECV304 cells or
TRLEC: in collagen gel was placed as a middle layer, hetween a col-
lagen layer at the hottom and a culture medium Jayer with AGE at con-

CcOoL

A
0.2
0 AGE[)
u AGE(H .
FIGURE 3 Adhesion to collagen 018
{COL; A, D), laminin (LN; 8,£), or fibro- 0.1
nectin (FN; C, F) of endothelial cells.
These graphs summarize the adhered 095
cell numbers {o each exiraceliular matrix o
protein of endothelial cells ECV304 fumiml 8.3umfmd tumiml  10umim
(A.B.C) or TRLEC (D,E,F) for 2 h in the
absence or presence of AGE 10 gfL.
Adhered call numbers were assessed for D
relative absorbancs (540 nm) of the color 0.3
reaction of 0.04% crystal violet sclution, 025 [ AGEG
AGE significanfly enhanced adhesion 0.2
activiies to collagen and fibronectin. 45
Each bar represents the mean = 8D *, 01
P < 0.05; (Student’s ¢ test). 005

0
Cumvml  Olumd/ml  Tumim!  SCum/mi

CcoL

HMT29

SW4B0 swe20 ECV304 TRLEC

centrations of 0.1, 1.0, and 10 g/l at the top. The tube fommation
ability of endothelial cells in the middle [ayer was evaluated after 14 d
by a light microscope (Nikan Diaphot 200).

Statistical Analysis. All data are expressed as means * SD.
Comparisons between groups were performed by use of Student's t test
and the Mann-Whitney U test. Differences were considered to be
significant at P < 0.05.

RESULTS

Effect of AGE on proliferation of colorectal carcinoma cells
and endothelial cells. In the WST-1 cell proliferation assay,
the proliferation of HT29, SW480, and SW620 cells was sig-
nificantly suppressed by AGE solutions (Fig. 1 and,B). AGE
also inhibited the growth of ECV304 cells and TRLECs {Fig.
1C and D). Colorecral carcinoma cells seemed 1o be suppressed
at slightly lower concentrations of AGE than were endothelial
cells.

Effect of AGE on invasive activity of colorectal carcinoma
cells and endothelial cells, The Matrigel chemoinvasion assay
showed that the invasive activity of SW480 and SW620 cells
was inhibited by AGE significantly, whereas no suppressive ac-
tivity was observed on Hi29 cell invasion (Fig. 2A). The inva-
sive activity of ECV304 cells or TRLECs was also suppressed by
AGE (Fig. 2B).

Effect of AGE on cell adhesion of endothelial cells to
extracellilar matrix. In the cell adhesion assay to collagen,
laminin, and fibronectin, AGE significantly enhanced che

B C
0.2
0 AGE(]
0.1
0,05
Qumim! lum/ml  umdml 100méml tumiml . lumiml 1umiml  10miml
LN FN
E F
" 0.3
0.35
6.3 | [OAGER 025 § [FAGED
025 m AGE(+) 0.2 u AGE{+)
02 0.15
0.15 o4
a1 '
0.05 0.05

Sum/m]l 0. tom/m|  Tum/ml

10um/ml
inN

OQumim!  0.Jum/ml  lumdml

ICum/mt
FN



COLORECTAL CANCER CHEMOPREVENTION BY GARLIC

A

120500

B

120000
100000 100000 |
BIC00 80000
60000 60000
40000 40000

20000 20000

Omg/ml 10mgiml 0,1my/ml
AGE

Qimgiml  Tmg/m! Omg/mt

binding activicy of both ECV304 cells and TRLEC: to collagen
and fbronectin (Fig. 3). Adhesion to laminin was also
increased, but mostly not significantly. These enhanced effects
of AGE on adhesion to collagen and fibronectin might be
associated with suppression of invasion or cell migration activizy.

Ejfect of AGE on migration of endothelial cells. The
wound assay showed that AGE inhibired the migration activity
of both ECV304 cells and TRLEC:s in a dose-dependent man-
ner (Fig. 4).

Effect of AGE on tube formation of endothelial cells. Tube
forrnation of ECV304 cells or TRLECs was observed in the
three-dimensional collagen assay for 2 wk. However, AGE
suppressed tube formation of endothelial cells effecrively ar con-
centrations of 1 and 10 g/L (Fig. 5). No apparent suppression of
tube formation was induced by AGE at the concentration of

0.1 gl.

DISCUSSION

The mechanisms of cancer chemopreventive agents include
direct action on cancer cells. through suppression of prolifer-
ation or induction of apoptosis, and indirect action {i.e., micro-
environmental factors) through inhibirion of angiogenesis and
potentiation of immunoclogic reacdon. This study focused on
elucidating the mechanisms of garlic in the chemoprevention of
colorecral cancer. We demonstrated that AGE has not only
direct antiproliferative effects on colorectal cancer cells bur also
an inhibitory effect on angiogenesis and that both actions
would effectively suppress the generation of colorecral cancer.

Three different cell lines——HT29, SW480, and SW620—
were used as colorectal cancer cells, and AGE suppressed the
proliferation of all 3 in the same way. Yes, the effects of AGE on
invasive activities of the 3 cell lines were different. AGE
inhibited the invasive activities of SW480, and SW620 cells
were inhibited by AGE, but it had no effect on the invasive
activity of Ht29 cells. Interestingly, the antiproliferative actions

img/ml

8455

FIGURE 4 Celi migration assay (wound assay) of
endothelial cells, These graphs summarize the cell
migratory activity of endotheliat cells ECV304 (A) or
TRLEC (8) in the absence or presence of AGE 0.1 g/L,
1.0 g/L, or 10 g/L. Unhealed areas where cells were
exfoliated and not migrated after 3 h were evaluated as
pixel numbers in the computer analysis. AGE inhibited
the cel! migratory activities of both endothefial cells in
dose-dependent manner. Each bar represents the
mean = SD ¥, P < 0.05; (Student's ftest, compared

10mg/mi with AGE absence).

AGE

of AGE were also different in details among 3 colorectal
carcinoma cells. The exposure of AGE to HT29 cells was found
to result in cell apoptosis, whereas by contrast, SW480 and
SW620 cells did not progress to apoptosis, but G1 artest in the
cell cycle was induced in these cells when they were exposed to
AGE {(data not shown), It can be concluded that in HT29 cells,
growth inhibition is induced mainly through apoptosis and that
there is no effect with regard to cell invasion. In both SW480
and SW620 cells, growth inhibition was due to cell-cycle arrest,
and cell invasion was evident in those cells but not in HT29
cells. The mechanism of AGE action appears o be dependent
on the type of cancer cell.

Angiogenesis is essential for rumor growth. Cells obtain
oxygen and nutrition from blood vessels. Tumors cannot grow
to >1-2 mm in size without neovascularization. Once a state of
neovascularization occurs, unlimited tumor growth can result
(19,20). Therefore, angiogenesis is a good target for cancer
chemoprevention. This study tested the effect of AGE on cell
biologic functions associated with angiogenesis, The functions
examined were cell adhesion o the extracellular matrix, cell
motilicy, cell proliferation, and tube formartion. AGE enhanced
the adhesion of endothelial cells to collagen and fibronectin,
and it suppressed cell motility and invasion in the wound assay
and the Matrigel chemoinvasion assay, respectively, Stronger
cell adhesion to an extracellular matrix might be associated
with lower cell motility. AGE also potently inhibited the pro-
liferation and tube formation of endothelial cells. These results
suggest that AGE could prevent tumor formation by inhibiting
angiogenesis through the suppression of endothelial cell
motility, proliferation, and tube formation. Without angio-
genesis, cancer cells cannot grow, and they remain dormant. In
autopsies of older people who died of diseases other than cancer,
occult thyroid cancer or latent prostate cancer was frequently
found in a dormant state without angiogenesis. Although angio-
genesis inhibitors are now given attention as therapeutic drugs
for cancer {21}, the most effective use of angiogenesis inhibitors
should be directed to chemopreveation. AGE might be a good

FIGURE 5 Collagen-gel sandwich tube-
formation assay. TRLECs were plated on
bovine coliagen type 1 gelin presence of AGE
0.1 gl (4), 1 gL (B) or 10 gL (C}. Tube
formation was evaluated after 48h by light
microscope. Without AGE numercus iube
formations were observed (A) whereas very
few or no tubal structures were found with
1 g/l or 10 gl. AGE (B.0).



Bi6S SUPPLEMENT

potemitial candidate for suppressing carcinogenesis through its
antiangiogenic action.

A previous in vivo study demonstrated that an AGE-rich
diet reduces the number of dimethylhydrazine-induced colon
tumors in rats, as well as aberrant cryptic foci (22). In addition,
the proiiferation index of normal golonic mucosa decreased in
the @nimals administered AGE diets. We demonstrated that
AGE has an antiproliferative action on colorecral carcinoma
cells and an inhibitory activity on angiogenesis, and that both
could contribute to chemoprevention of colorectal cancer.
Other work has shown that AGE administration to humans
with advanced cancer induces immunomodulatory effects,
including the number and activity of natural killer celis, and
immunopoientiation of AGE can play a role in cancer
chemoprevention (23). Because AGE contains mulziple sub-
stances, a single factor might be responsible for the anticarci-
noge nic action, or AGE as a whole, like Chinese herbal extract
in traditional Chinese medicine (24), might be effective.
Biclogic responses to AGE, including antitumor, cholesterol-
lowering, and depressed platelet sggrepation effects, have been
reporied in various model systems and in some investigations in
humans (25).

AGE is potentially 2 good agent for chemoprevention of
colorecral cancer, and clinical trials should be considered.
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Aged Garlic Extract Prevents a Decline of NK Cell Numb
Patients with Advanced Cancer'?
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ABSTRACT Aged garlic exiract {AGE) has manifold biological activities including immunomodulative and antioxidative
effects. It is used as a major component of nonprescription tonies and cold-prevention medicines or dietary supplements.
Advanced-cancer patients decline in immune functions and quality of fife (QOL). The study’s subjects were patients with
inaperable colorectal, liver, orpancreatic cancer. Ina randomized double-blind trial, AGE was administered o one group and
a placebo was administered to another for 6 mo. The primary endpoint was a QOL questionnaire based on the Functional
Assessment of Cancer Therapy (FACT). The subendpoints were changes in the natural-killer {NK) cell activity the salivary
cortisol level from before and after administering AGE. Out of 55 patients invited to participate inthe trial, 50 (91%) consented
to enroll. They consisted of 42 patients with liver cancer {84%), 7 patients with pancreatic cancer (149%), and 1 patient with
colan cancer (2%). Dug compliance was relatively good in both the AGE and placebo groups. Although no difference was
obsetved in QOL, both the number of NK cells and the NK cell activity increased significantly in the AGE group. No adverse
effect was observed in either group. The study showed that administering AGE to patients with advanced cancer of the

ty of Medicine, Kyoto, Japan; TDepartments of Cancer Epidemiology,
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digestive system improved NK csli activity, but caused no improvement in QOL.  J. Nutr, 136: 81658208, 2006.
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» quality of life
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The prognosis of cancer patients for whom zadical sur-
gical resection is impossible is poor. In many of these patients,
the quality of life (QOL)* deteriorates due to exacerbation of
symptoms of cancer and adverse effects of chemotherapy. Also,
the prognosis of the patient deteriorates because of immune
dysfunction, which leads to proliferation of cancer and infection.
Therefore, improvements in QOL and prevention of hypofunc-
tions in the immune system are considered important in the caze
of advanced-cancer patients.

Garlic is one of the foods considered promising for improving
QOL. Laboratory studies have suggested that gatlic and its com-
ponents suppress carcinogenesis and reduce serum lipid levels
{1-7). However, garlic has been reported to cause adverse effects
such as gastrointestinal disorders and anemia, in addition to its
intense odor. {8,9) These adverse events are caused by allicin

*# Abbreviations used; AGE, aged galic extract, FAGT, Funclional Assessment
of Cancer Therapy; FACT-An, FACT-G plus the subscale for anemia; FACT-G,
FACT general scale; NK, natural kilier; PEIT, percutaneous ethanol injection
therapy; QOL, quality of fife; SAC, S-allylcysteine; TAE, transcatheter arterial
embalization.



AGED GARLIC EXTRACT AND NK CELL ACTIVITY 8178

and lipid-soluble sulfur compounds, which are produced by a
cascade of chemical reactions from allicin (9,10). Aged garlic
extmact (AGE), which is produced by a long-term extraction
from garlic in aqueous ethanol and has no irdrasing odor, does
not cause such adverse events and has been confirmed to be safe
in preclinical trials (11-13).

AGE has been shown to have an effect against physical and
me ntal stress (14,15), an immuno-potentiaring effect (16-20),
an antioxidant effect (21-24), and a peripheral blood flow—
improving effect (15,25,26); it s also expected to improve QOL
and prevent the decrease in immune functions in patients with
adwanced cancer. However, its effects in cancer patients have
not been evaluated in a randomized double-blind clinical trial.

“We designed a randomized double-blind clinical trial to
evaluate the effects of AGE on the QOL and immune functions
of patients with advanced cancer.

SUBJECTS AND METHODS

Patients. The subjects were patients with advanced colon, liver,
or pancreatic cancer, aged 20 y or more, who were admitted to Osaka
Medical Center for Cancer and Cardiovascular Diseases and judged by
their attending physicians to be inoperable. Patients with a history of
hematemesis, bloody stools, ascites, or those who have had diffculty
with oral nutrition, or a history of allergy to a food or drug that contains
garlic or its components, were excluded.

With the permission of the attending physicians, 2 members of aur
reseaich team interviewed patients and invited them to participate in
the trial. Informed consent with written confirmation was cbtained
from those who agreed to enrall. The subjects were recruited between
17 May and 16 November 1999.

Study design. The study was carried out as a randomized double-
blind trial. It was approved by the Ethical Board of the Osaka Medical
Center for Cancer and Cardiovascular Diseases, and an independent
Ethical Monitoring Committee, excluding members of our research
teamn, was established for this trial.

Data on participants who consented to the enrollment were re-
ported anonymously to the trial statistician by fax. The trial statistician
randomized the participants into 2 groups, one received AGE (AGE
group) and the other received crystallive cellulose (control). Ran-
domization was made by the block randomization method using the
disease name as a factor.

Blood was sampled from the consenting participants and between
1500 and 1700 they were asked to fill out a questionnaire concerning
QOL.. They were then given trial capsules to be taken for the following
12 wk, starting the next day.

After 12 wk, the participants visited the Qsaka Medical Center for
Cancer and Cardiovascular Diseases at 1500 and met with a member
of the trial team. They were questioned about their symptoms, re-
turned the drug bottles and medication diaries, had their blood
sampled, and answered a follow-up QOL questionnaire. They were
then given more tral capsules and medication diaries for another
12-wk period. After 24 wk, the subjects again visited the Osaka
Medical Center for Cancer and Cardiovascular Diseases at 1500, met
with a member of the trial team, and answered the QOL questionnaire.

During this trial, the disease was treated ordinarily, but subjects
were instructed not to take supplements containing gatlic or its
components other than the trial capsules.

If adverse events occurred, the information was entered onto a
prescribed form and faxed to the trial statistician. The trial statistician
recorded the drug that had been assigned to the patient and reported
the event immediately to the chairman of the Ethical Monitoting
Committee.

When the QOL questionnaire had been completed by 2l subjects,
6 mo after the trial began 2nd the trial data had been stored as 2 com-
puter file, the randomization codes were disclosed to il members of the
triad teamn (after receiving approval from the Ethical Monitoring Comunittee).

Trial capsules. Trial capsules were prepared by Wakunaga
Phammaceutical Co. Subjects took 2 capsules after breakfast and
and 2 capsules after dinner (4 capsules/d). The AGE capsules contained

AGE pawder that was prepated by mixing AGE with crystalline cellulose
{Awvicel FD-101} as an excipient. AGE is a unique garlic preparation man-
ufactured by soaking garlic in aqueous ethanol for >10 mo. It contains
water-soluble organosubfur compounds including S-allyleysteine (SAC),
S-1-propenyl-L-cysteine, A-allylmercapto-L-cysteine and cycloalliin,
steroid saponins, fructosylarginine, and 1,2,3,4-tetrahydro-8-carboline-
3-caboxylic acids as biologically active components (27). The daily dose
{4 capsules), contzined 500 mg of AGE, 727 mg of crystalline cellulose,
and 11 mg of sucrose fatty acid ester.

The placebo capsules contained 951.5 mg of crystalline cellulose
and 8.5 mg of sucrose fatty acid ester per 4 capsules.

Confirmation of the compliance and blinding effect. Drug com-
pliance was evaluated according to entdes in subjects’ medication diaries
and by a count of temeining capsules. In addition, the blaod level of a
marker compound of AGE was measuted. The subjects were instructed
to enter the state of compliance in the medication diaries daily, and
the remaining capsules were recovered and counted. Blood wes sampled
3 mo after administering the capsules, and the blood SAC level was
determined.

To check the blinding effect, the subjects were asked, at 3 and 6 mo
after the heginning of the trial, which of the drups they thought was
assigned to them.

Observation items. At enrollment, the patients and their attend-
ing physicians were asked about the subjects’ histories and the histories
of their present illnesses.

Patients filed out the QOL questionnaire, Functional Assessment
of Cancer Therapy (FACT) (28) hefore starting the treatment and
again after 3 and 6 mo of receiving treatment. In principle, the subjects
answered by themselves, but 2 member of the trial team actended the
subjects and explained the contents of the questionnaite if help was
desired. Entries on the questionnaire were scored according to the
method determined by FACT developers and included the handling of
defect values. The scores of individual domains and the toral scores were
calculated separately. Specifically, the score of each of the 4 domains of
the general scale (FACT-G) (i.e., physical, functional, mental, and
social dimensions}), the score of the subscale for anemia, the total score
of the FACT-G, and the total score of the FACT-G + subscale for
anemia {FACT-An), were calculated.

Blood and saliva were sampled before and 3 mo after study treat-
ment began. Blood was tested for glutamic-oxaloacetic transaminase,
glutamic-pyruvic transaminase, y- glutamic-pyruvic transaminas, lac-
tate dehydrogenase, alkaline phosphatase, tocopheral, albumin,
T-Choal., TG, UA, BUN, Cr, Na, K, Cl, Ca, IP, T-Bil, FBS, blaod cell
counts, blood-homocystein concentration, NK cell activity, NK cell
count {measured as the lymphacyte subset 2-color CD16+/CD56+),
CD4 and CD8-positive cell count, and SAC concentration. The
number of immunocytes was determined by flow cytometry. NK cell
activity was determined by 51Cr-release assay according to the method
described by Domzig et al. {32). The effector cell {mononuclear cell)
and target cell (K562 cell) ratio is 20:1.

The blood SAC concentration was measured at Healthcare Institute
of Wakunaga Pharmaceuticals using the method of Kodera et al. (33).
Saliva was collected using Salivette sempling devices (Sarstadt) (34). A
Salivette includes a small cotton swab and, when chewed, stimulates
saliva flow to allow for the collection of 2 sufficient amount of saliva
within 1 min. After centrifugation at 3,000 X g for 10 min, saliva was
stored at —80°C until assay. Salivary cortisol levels were determined
with a commercial enzyme immuncassay kit (Ciron} (35} at the Depart-
ment of Soctal and Environmental Medicine, Osaka University.

! chemotherapy was performed at the beginning of the study, blood
sampling and completion of the questionnaire were carded out 6 or
more d after anticancer drug treatment was completed.

Endpoints. The primary endpoint was whether, after 6 mo of
treatment, any subjects had a FACT-G or FACT-An score that
deteriorated by 1 SD. The SD of the FACT-G was set at 15.9 (n =
466, mean = 82.0), based on Cella {29}, and the SD of the FACT-An
at 26.8 (n = 47, mean = 141.6), also based on Cella {28). Data of the
subjects who died during the trial were regarded as defect values.
Subendpoints were changes in the NK cell activity and salivary cortisol
level from before and after tzeatment.

Statistical procedures. The target number of subjects to be
tecruited was 40 (20 in each group) because a statistical difference
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could be established with this number of subjects at a P-value of 5%
and a power of 80% if the QOL score after treatment detetiorated
to 76% (compared with that before treatment) in the placebo group
and to 38% in the AGE group. During the registration period, invi-
tatio-n to participate was limited to a maximum of 60 patients.

T wo-sample t tests were performed for comparisons between the
2 gro>ups: paired ¢ tests were performed for coraparisons from before and
after the treatments, and Fisher’s exact test was performed for the
analysis of nonparametric data. The data were represented as means
= 5D unless otherwise indicated. The results were analyzed by
intenation-to-treat analysis.

RESULTS

Emrollment and randomization. During the entry period,
55 patients were invited to enroll and 50 (91%) of them
consented. The characreristics of the 50 patients enrolled are
listedd in Table 1. They consisted of 42 patients with liver cancer
(B4Y6), 7 padents with pancreatic cancer (14%), and 1 patient
with colon cancer (2%). These patients were determined to be
inoperable because of their advanced cancer although petfor-
manee status of the patients was good. In the patients with liver
cancer, 38 patients bore multiple liver tumors and 4 showed
hepa tic failure. In the pancreatic cancer patients, 4 showed vas-
cular invasion, 2 showed direct invasion, and 1 showed liver
metastasis. One patient with colon cancer showed liver metas-
tasis. All of the patients with liver cancer were treated with
trans<atheter arterial embolization (TAE) and/or percutaneous
ethanol injection therapy (PEIT), and 6 of them underwent
hepatecromy before starting the study. The patients wich
pancreatic cancer did not undergo treatment before the study
except for 1 who was treated with cisplatin and flucrouracil. No dif-
ference was observed in age, gender, and clinical stage between
the AGE and control groups.

After randomization, 3 patients of the AGE group reguested
to be withdrawn from the rrial without taking AGE and were
lost to the trial. Another patient of the AGE group developed
angina pectoris on day 83 of the study and was lost. In the
conerol group, 1 patient wanted to withdraw from the trial due
to diarrhea on day 7 of the study and was lost.

Ten patients with liver cancer underwent TAE and/or PEIT
treatment, of whom 1 took fluorouracil, but the rest were not
treated during the study. Fluorouracil was administered for all
of the pancreatic cancer patients, of whom 5 were treated with
radiation and 1 took irinotecan along with fluorouracil. During
the study, a significant difference in the treatments was not ob-
served between the 2 cohorts.

Four patients in the AGE group died due to cancer on days
55, 85, 99, and 106 of the study, and 5 patients of the control
group died due 1o cancer on days 45, 143, 153, 168, and 170.

TABLE 1

Baseline characteristics of subjects

AGE group Conirol group
Characleristic {n=25) {n=25)
Agely 63.6 = B.3 65.8 * 6.3
Male sex, % 21 (84) 18 (72)
Cancer, %
Liver 21 (84) 21 (84)
Pancreas 4 (16} 3(12)
Colon 0 (0) 1{4)
Dropped out, % 4 (16) 14
The death {exam. period), % 4 {16) 5 (20)

1 values are means + SD.

Data collected ap to the loss or death of patients was adopted
for analyses of the results.

After completing the 6-mo trial, most of the subjects vol-
untarily started taking AGE.

Confirmation of compliance and blinding effect. Compliance
was relatively good in both groups.

Changes in the blood SAC concentration are recorded in
Table 2. Before beginning treatment, the blood SAC concen-
tration in many subjects was low. After 3 mo, the SAC
concentration was significantly increased to 10 pg/L or above in
14 (78%) of the subjects in the AGE group (P = 0.01). SAC
concentration increased as well in the control group though less
markedly than in the AGE group (P = 0.19). Values were
therefore higher in both groups.

According to the guestionnaire, entries concerning the
blinding effect, 4 (Z4%) in the AGE group and 5 (27%) in the
control group, believed that they were taking AGE capsules
after 3 mo, and 5 (29%) in the AGE group and 4 (219%) in the
control group believed they were taking AGE capsules after
6 mo, so blinding was judged successful.

(QOL. No difference was observed in (QOL between the
AGE and conutrol groups not only before but alse at 3 and 6 mo
after the study began. No particular change was cbserved in
QOL at 3 and 6 mo after administering treatmens compared
with before,

Indices of cell-mediated immunity. Changes in the periph-
erai blood NK cell count and NK cell activity are listed in Table 3.
Analysis was petformed by excluding the data of 1 patient from
the AGE group for whom blood could not be sampled for
measuring indices of cellmediated immunity.

The NK cell count was not different between the AGE group
and control group before or 3 mo after study treazment began. It
increased significantly in the AGE group, and, while it also
increased in the control group, the increase was not significant.

The NK cell activity was not different between the 2 groups
before or 3 mo after the administering trearment. The NK cell
activity increased significantly in the AGE group. It also in-
creased in the control group, but the increase was not sig-
nificant. The NK cell activity appeared to decrease rapidly in
the control group compared with the AGE group. Five subjects
(229) in the control group showed >25% decrease in the NK
cell activity but none did in the AGE group (P = 0.051) (Table
3, Fig. 1). Only 1 (3%) of the 35 patients in whom the NK
cell activity did not decrease by 25% or more 3 mo after
administering treatment died within the following 3 mo, bur 3
(60%) of the 5 patients in whom the NK cell activity decreased
by 25% or more died within the following 3 mo (P = 0.04).

TABLE 2

Changes in blood S-allylcysteine corncentration’

AGE group (7= 18B) Control group (n=23)

Pretreatment After 3 mo®® Pretreatment After 3 mo*

<10 ng/mL 16 (89) 4 (22) 20 (87) 15 (85)
10-14 pgl 2 (1) 10 (56} 1{4) 3 (13)
15-19 pg/ll 0 (0) 3 (17} 2 (9) 2 (9)

=20 pgl 0 (0) 1(6) 0 (0) 3 (13)

1 Values indicate number and (%) of patients.

2 P 0M.

817 (94%) had increased concentration compared with before
treatment and 1 (6%) was changed or reduced.

417 (74%) had increased concentration compared with before
treatment and 6 (26%) were changed or reduced.
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TABLE 3

Changes in index values of cell-mediated immunity’

AGE group (n=17)

Coniral group {n = 23)

Pretraatment After 3 mo® Pretreatment After 3 mo®
WBC, /L 4433 + 1623 4517 = 1143 4873 £ 2081 5283 + 2211
CD4*, cefispl 650 = 271 667 = 228 746 * 356 866 = 475*
CDB*, celisful 409 = 155 457 = 181 403 £ 312 533 & 418
NK, celfs/jl. 207 = 142 ar7 + 150* 231 = 207 288 + 222
NK activity, % 272 * 159 36.0 + 13.2° 32.6 = 163 391 £ 15.7
NI activity/100 cells 18.0 = 17.2 17.4 % 129 19.9 = 14.1 240 £ 219

1 Values are means = §D,

2 17 (100%) did not show a =25% decrease in NK cell activity compared with before treatment.
3 18 (78%) did not show a =25% decrease in NK cell activity compared with before treatment and

5 (22%) did show this change.

4 P < 0.05 after 3 mo compared with the value befors freatment.
S P < 0.01 after 3 mo compared with the value before treatment.

NK celis = CD18+/CD56+.

There was no significant change in the number of CD8+
cells in peripheral blood but CD4+ cells significantly increased
in the control group.

Other markers. No significant difference was observed in
the salivary cortisol concentration or the values of blood bio-
chemical parameters between the AGE group and control group,
either before or 3 mo after administering treatment.

While the salivary cortisol concentrarion showed no change
from before to after administering the treatment in the AGE
group, it increased significantly after 3 mo in the control group.

The serum total protein, albumin, total cholesterol, and HDL
cholesterol levels were increased 3 mo after administering treatment
compared with the values before the study began in both groups.

Adverse events.  In the AGE group, 4 died due to cancer on
days 55, 85, 99, and 106 of the study. One developed a duo-
denal ulcer, and 2 developed severe acure gastritis. In the
control group, 5 died due to cancer on days 45, 143, 153, 168,
and 170 of the study. One developed a gastric ulcer, and
1 suffered severe acute gastritis. There was no difference in the
occurrence of adverse events between the 2 groups.

AGE Group
40 any

Control Group

Elok

20

0

-0t

-2t

-3
before after efore after

-40 b -40+

FIGURE 1 NK cell activity beiore and after the study. Changes of
NK cell activity of patients 3 mo after the beginning of the study are shown
as a percentage.

DISCUSSION

Administering AGE did nor improve QOL but caused
improvements in the NK cell activity in patients with advanced
cancer of the digestive system.

Many patients who undergo chemotherapy receive altemna-
tive mearments in addition to ordinary treatments such as
anticancer agents. Flowever, the effectiveness of few alterna-
tive trearments for patients with advanced cancer has been
confirmed by scientific assessment methods such as the ran-
domized double-blind compararive study.

Garlic is used widely all over the world as an alternative
treatment. Although epidemiological studies (36) have sug-
gested that garlic prevents carcinogenesis, its therapeutic
effects or its effects on QOL in patients with advanced cancer
have scarcely been evaluated. Double-blind studies have been
considered difficult because of the characteristic odor of garlic,
but blinding was successful in our study using AGE. Therefore,
AGE is expected to facilitate the execution of double-blind
clinical trials in the future. -

No effect of AGE was noted in QOL, which was the primary
endpoint of this study, probably because QOL hardly deteri-
orated in the control group. This may be explained by the fact
that most of the subjects had liver cancer, which causes
relatively mild symptoms even in an advanced stage. Moreover,
the blood SAC concentration tended to increase also in the
control group, possibly because all subjects ingested garlic more
than usual from meals after having been informed of the ef-
fectiveness of garlic during the process of informed consent.
This may also have been a factor of the small deterioration of
QOL in the control group. The shortness of the trial period may
have been another reason. As a food, garlic has mild effecis and
an increased difference might have been revealed over a longer
trial period.

In this study, improvements were observed in various serum
nutritional parameters 3 mo after treatment began compared with
before treatment in both the AGE and contro! groups. These im-
provements may be related to the fact that most of the patients
were hospitalized before the beginning of the study but were
treated on an outpatient basis and were eating at home after 3 mo.

Although the salivary cortisol concentration increased sig-
nificantly in the control group, the values varied widely within
the group, so that the increase may well have been accidental.

Administering AGE significantly increased the NK cell count
in peripheral blood 3 mo after the study began, as can be seen in
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Table 3 The NK cell activity increased in the AGE group but the
specific activity (activitdes in 100 cells) did not change. In
addition, no differences were observed in chemotherapy re-
ceived by patients in the AGE and control group. These facts in-
dica te that AGE increases the number of NK cells, resulting in
the Increase of NK cell acrivities. The mechanism of the increage
in NIK cell numbers remains unclear, but these findings were in
agreement with the results of isboratory studies (16-20).
Moreover, while many patients in whom the NK cell acrivity
decreased rapidly died within the following 3 mo, none of the
subjects in the AGE group showed such a rapid decrease, which
suggests that AGE may prevent death due to cancer.

A significant increase in number of CD4™ T cells, which
represent helper T cells, was observed in the conol group. The
precise reason is uneclear, but we think inflammation reaction
accompanied by cancer progression is a possible reason, because
helper T cells are involved in antibody production and the
stimulation of cellular immune functions in regions of inflam-
mation. To confirm this hypothesis, we should investigate the
relavion between an increase in the number of CD4% T cells
and cancer progression.

We realize that an understanding of the effect of AGE is
incomplete because we did not prohibit treatments such as
TAE, PEIT, radiation, and the administering of anticancer
drugs during the course of the study, which probably affected
NK cell activity. Furthermore, it is possible that patients in the
control group might have taken garlic and/or garlic products
because SAC concentration in the serum of some patients in
the control group increased after the study. However, these
facts could underestimate but never overestimate the effect of
AGE. Despite these facts, we think our conclusion that AGE
increased NK cell activity is reasonable.

In. this study, some patients in the AGE group dropped out
before the treatment began, but the loss is considered to have
been accidental. No difference was observed berween the
2 groups in adverse events during the trial period, including
deaths due to cancer, and AGE is considered safe to administer
to patients with advanced eancer.

After the 6-mo trial period, most of the subjects starred
taking AGE. For this reason, effects of the study treatment on
the remote outcome, including death due to cancer after the
trial period, could not be evaluated. Clinical trials with primary
endpoines of death due to cancer and enlatgement of cancer
need to be performed in the future.
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Current Concepts: Gastrointestinal Poly-
posis and Hereditary Non—polypesis
Colorectal Cancer

Hideki ISHIKAWA

Department of Molecular-Targeting Cancer Prevention,
Graduate School of Medical Science, Kyote Prefectural Uni-
versily of Medicine, Kyolo, Japan

This report reviews the state of the art in cancer pre-
vention of gastrointestinal polyposis (familial adenomatous
polyposis (FAP), Cronkhite-Canada syndrome, Peutz-
Jeghers syndrome) and hereditary non-polyposis colorec-
tal cancer.

FAP is a hereditary disease characterized by the devel-
opment of multiple adenomatous polyps in the gastrointes-
tinal tract. The timing of colectomy depends on the size
and number of adenomatous polyps. The two types of
colectomy are total colorectomny with ilecanal anastomosis
(IAA} and subtotal colectomy with ileorectal anastomosis
(IRA}. If subtotal colectomy is performed, at least annual
surveillance of the remaining rectum is recommen-ded.
For individuals with mild polyposis, colectomy is recom-
mended, but it may be deferred until polyps are difficult
to control.

Endoscopic or surgical removal of duodenal adenomas
is advisable if polyps show severe atypia and exceed cne
centimeter. Upper-gastrointestinalscopy should be begun
when colonic polyposis is detected or by age 20 years and,
repeated every year
key words: familial adenomatous polyposis (FAP),
hereditary non—polyposis colorectal cancer (HNPCC),
colorectal cancer

Legends to Figures and Tables

Figure I  Colonoscopic image of a typical familial adeno-
matous polyposis.

Figure 2 Colonoscopic image of a young patient with
familial adenomatous polyposis.

Figure 3  Endoscopic resection of polyposis.

Figare 4 Surveillance policy of familial adenomatous
polyposis.

Table 1 Classification of gastrointestinal polyposis
syndrome.

Table 2 Surveillance and management of familial ade-
nomatous polyposis.

Table 3 Surveillance and management of hereditary

non-polyposis colorectal cancer. .
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