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Combination therapy of active hexose
correlated compound plus UFT significantly
reduces the metastasis of rat mammary

adenocarcinoma
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Synergistic effects of active hexose correlated compound
(AHCC) extracted from mushroom on the treatment with
UFT against mammary adenocarcinoma, SST-2 cells, in
congenitally T cell-depressed spontaneously hypertensive
rats (SHR) were observed. AHCC plus UFT had slight but
significant effects on the growth of primary tumors.
Pulmonary metastases were not inhibited by the treatment
with AHCC plus UFT, whereas metastases to axillay lymph
nodes (LN) were obviously inhibited. Combination of
AHCC plus UFT showed similar synergistic anti-metastatic
effects in SHR rats with accelerated pulmonary metas-
tases following the surgical removal of the primary
tumors. In vitro studies demonstrated that AHCC plus
UFT enhanced the NK cell activity in tumor-bearing rats,
whereas UFT alone depressed the NK cell activity. AHCC
plus UFT also enhanced the NO production and cytotoxi-
city of peritoneal macrophages. In addition, AHCC re-
stored the suppressed mRNA expression of interleukin-1«
and tumor necrosis factor-a induced by the chemotherapy.
Taken together, the combination of AHCC plus UFT
brought about good therapeutic effects not only on
primary tumor growth but also on reducing metastasis
and these effects were mediated by host immunity which
was restored or activated by AHCC. AHCC may be a good
candidate for a biological response modifier. [© 1998
Lippincott-Raven Publishers.]
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Introduction

Tumor cells invade from the primary lesion into the
blood and/or lymphatic circulation resulting in the
formation of metastases in distant organs as well as in
the regional lymph nodes (LN)." This property of the
tumor cells is mainly responsible for death in cancer,
despite advances in cancer treatment. Therefore,
treatment of metastases is one of the major targets in
cancer treatment. Previous studies demonstrated that
chemotherapy with UFT (tegafur and uracil in a 4:1
molar concentration) had significant therapeutic ef-
fects on advanced cancers with distant metastases.>™
However, therapeutic doses of anti-cancer drugs have
been reported to reduce the antitumor immune
responsc“ which inhibits the micro-metastases.®'°
Therefore, various biological response modifiers
(BRMs) have been used with anticancer drugs to
restore the anti-tumor immune response reduced by
chemotherapy.'!"!* Using an in vivo model system, we
have reported that UFT plus lentinan decreased the
number of pulmonary metastasis of rat mammary
adenocarcinoma (SST-2) cells in congenitally T cell-
depressed spontaneously hypertensive rats (SHR).'®'”

Active hexose correlated compound (AHCC) is an
extract obtained from several kinds of mushrooms
which are cultured with liquid medium. The active
component is an oligosaccharide and its molecular
weight is about 5000 although it contains various
kinds of components. Interestingly, as opposed to
conventional active components which consist of a f5-
1,3-glucan structure as in PSK and lentinan, the
oligomer of glucose in AHCC has o-1,4linkage
structures and some esterized hydroxy groups. We
hypothesized that AHCC may function as a BRM in the
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same way that PSK and lentinan do in the chemother-
apy of cancer.

In this study, we examined the effects of AHCC on
the growth and metastasis of SST-2 cells in SHR rats in
combination with UFT. We also examined the effects
of AHCC plus UFT on the metastasis of SST-2 cells after
excision of primary tumors. SST-2 is a highly metastatic
cell line, which produces 100% pulmonary metastasis
in syngeneic rats after s.c. transplantation. As SHR rats
have a dysfunction of T cells but rather enhanced
macrophage and NK cell activities compared with
other strains of rats,'®® SST-2-bearing SHR rats were
useful for examining the efficacy of anti-metastatic
activities in various agents which function through the
activation of macrophages and NK cells.

Materials and methods

Rats

Congenitally T cell-depressed SHR rats were purchased
from Nippon Rat (Urawa, Japan). Throughout the
experiments, 10- to 12-week-old female rats were
used.

Tumors

We used a transplantable adenocarcinoma SST-2 that

had originated from a spontaneous mammary adeno-
carcinoma in a SHR rat. The cells were maintained as a

SST-2
(1x10%) s.c.

monolayer culture in RPMI 1640 medium supplemen-
ted with 10% heat-inactivated fetal bovine serum (FBS;
Gibco/BRL, Gaithersburg, MD). The mean survival
time of SST-2 tumor-bearing rats was about 50 days
after tumor inoculation and the main cause of death
was extensive metastasis to lung (our unpublished
data). YAC-1 and SST-2 cells were used as target cells
for NK cells and macrophages, respectively. The cells
were also maintained in RPMI 1640 medium supple-
mented with 10% FBS.

Treatment of rats

The experimental protocol is shown in Figure 1. SHR
rats were inoculated s.c. with cultured SST-2 cells
(1 x 10%/rat) on day 0. In this experiment, we did not
set up the AHCC alone treated group, because our
previous data (data not shown) indicated that AHCC
alone had little effect on tumor growth and tumor
treatment. Administration per os (p.o.) of UFT (15 mg/
kg) (Taiho Pharmaceutical, Tokyo, Japan) was carried
out every day from day 3 to 38. AHCC, an extract of
several kinds of mushrooms, was supplied by Amino
Up Chemical (Sapporo, Japan). According to our
preliminary experiments, a rat drinks about 24 ml of
water per day; we dissolved AHCC in water at the
appropriate concentration of 100 mg/kg/day in 24 ml
and let them drink freely from day 3 to 38. Water was
administered p.o. to control rats. On day 38, rats were
sacrificed, and the tumor weight and metastasis to
axillary LN and lung were examined. The tumor size

UFT (15 mg/kg) p.o. for 35 days
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Figure 1. Protocol for observing. the effect on growth of the primary tumor and metastasis. Rats were divided into three
groups. Group 1: rats were administered UFT (15 mg/kg) plus AHCC (100 mg/kg). Group 2: rats were administered UFT

(15 mg/kg). Group 3: rats were administered water as control.
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was measured every 3-4 days and the average diameter
was estimated by the formula: (length + width)/2.

To examine the death as a result of metastasis to
lung, tumor excision was performed on day 21 and all
the rats were kept under observation until they died.
The experimental protocol is shown in Figure 2. UFT
and AHCC were administered p.o. every day from day
3 to 38.

NK cell activity of spleen cells

Spleens were aseptically removed from rats on day 21,
finely minced with scissors and gently teased in a loose-
fiting glass homogenizer in RPMI 1640 medium. These
cell suspensions were passed through four layers of
gauze and washed twice in RPMI 1640 medium by
centrifugation at 500 g for 5 min. The NK cell activity
of the spleen cells was determined by a 4 h *'Cr-release
assay. Target cells of YAC-1 were pre-labeled for 1 h at
37°C with 100 uCi Na>'CrOy, washed three times with
RPMI 1640 medium and resuspended in RPMI 1640
medium supplemented with 10% FBS. >'Crlabeled
target cells (1 x 10“) were incubated with various
concentrations of effector cells in triplicate (tested at
E:T ratios of 200:1-50:1) in 96-well-round bottomed
microtiter plates (Corning Glass Works, Corning, NY)
for 4 h at 37°C in a 5% CO, incubator. The radioactivity

SST-2
(1x10°) s.c.

Combination therapy of UFT plus AHCC

of the supernatants was counted in a Aloka y-counter
(ARC-380). The percentage cytotoxicity was calculated
by the following formula: % specific release=[(experi-
mental release —spontaneous release)/(maximum re-
lease —spontaneous  release)] x 100.  Spontaneous
release was less than 20%. All assays were performed
in triplicate. The SD of triplicate wells was consistently
less than 10% of the mean.

Activation of peritoneal macrophages

Rats were i.p. administered with 1 Klinische Einheit
(KE) of OK-432 (Chugai Pharmaceutical, Tokyo, Japan)
in 1 ml phosphate-buffered saline (PBS) for 48 h
before sacrifice. The OK-432-activated peritoneal
macrophages were harvested with 20 ml PBS from
each group of tumor-bearing rats and prepared for
further use.

Flow cytometric analysis of cytotoxicity of
peritoneal macrophages

Cytotoxicity of peritoneal macrophages on day 21 was
examined against syngeneic rat adenocarcinoma SST-2
target cells by the method as described by Slezak®'
with some modifications. Briefly, 1 x 10° SST-2 cells

UFT (15 mg/kg) p.o. for 35 days
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Figure 2. Protocol for observing death by metastasis. Rats were divided into three groups. Rats were administered UFT or
UFT plus AHCC described as in Figure 1. Surgical tumor excision was performed on day 21. All the rats were kept under

observation until they died.
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were stained with 4x107°> M PKH-26 (Zynaxis,
Malvern, PA) for 2 min. The PKH-26-stained-target
cells mixed with freshly prepared effector cells at E:T
ratios of 100:1 in 12-well culture dishes (Corning Glass
Works) were cultured for 16 h at 37°C, and then the
cells were detached and harvested. After washing with
cold PBS twice, the cells were suspended in 1 ml cold
PBS and stained with 5 ul propidium iodide (P, 50 ug/
ml) (Sigma, St Louis, MO) for 30 min on ice. The PKH-
26 positive and PI negative cells (PKHA" PI™ cells)
were identified as living target cells and the PKH-26
positive and PI positive cells PKH* PI" cells) were
identified as dead target cells; only PKH-26 positive
cells including PKH* PI~ cells and PKH* PI" cells were
gated; the PKH-26 negative cells were identified as
effector cells which were gated out. All the cells were
analyzed by flow cytometric analysis (FACScan, Lysys
system; Becton Dickinson, Mountain View, CA).
Cytotoxicity were calculated by the following formula:
Cytotoxicity (%)=PKH* PI* cells/(PKH* PI~
cells + PKH* PI" cells) x 100.

Quantification of nitrite

OK-432-activated macrophages (1 x 107) were mixed
with SST-2 tumor cells at E:T ratios of 100:1, 50:1 and
25:1 in 12-well culture dishes for 16 h at 37°C. Since
secreted NO quickly reacts with oxygen yielding
nitrite, nitrite levels in culture supernatants were
measured by using the Griess reagent. Briefly, 100 ul
sample aliquots were mixed with an equal volume of
Griess reagent (1% sulfanilamine/0.1% naphthylethy-
lene diamine dihydrochloride/2% HiPOy; Sigma) and
incubated at room temperature for 10 min. The
absorbance at 550 nm was measured in a microplate
reader (Corona Electric, Katsuta, Japan). Nitrite con-
centration was determined using sodium nitrite as a
standard and RPMI 1640 medium supplemented with
10% FBS as a blank.

Reverse transcription-polymerase chain
reaction (RT-PCR)

Total RNAs were extracted from peritoneal macro-
phages on day 21 by the guanidine thiocyanate:phe-
nol:chloroform method. Three micrograms of each
RNA sample underwent cDNA synthesis in 50 ul of
reaction mixture containing 75 mM KCl, 50 mM Tris-
HCl, pH 83, 3 mM MgCl,, 10 mM dithiothreiotol,
0.5 mM per each dNTP, 2 ug/ml random primer and
1000 U M-MLYV reverse transcriptase (Gibco/BRL) by
incubation at 37°C for 1 h. PCR amplification of cDNA
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(5 ul) was performed in 50 ul of a reaction mixture
containing 50 mM KCl, 10 mM Tris-HCI, pH 9.0,
2.5 mM MgCl,, 0.1% Triton X-100, 200 mM each
dNTP, 10 mM per each specific primer and 1 U Taq
polymerase (Promega, Madison, WD. The following
primers were used: GAPDH forward primer, 5-AC-
CACCATGGAGAAGGCTGGC-3'; reverse primer, 5-CT-
CAGTGTAGCCCAGGATGC-3'; iNOs forward primer,
5-AGAGTCCTTCATGAAGCACA-3’; reverse primer, 5-
CCAAATACCGCATACCTGAA-3'; tumor necrosis factor
(TNF)-o forward primer, 5-CAAGGAGGAGAAGTTCC-
CAA-3; reverse primer, 5-CGGACTCCGTGATGTC-
TAAG-3; interleukin (IL)}1x forward primer, 5'-
GTGGTGGTGTCAGCAACTTC-3'; reverse primer, 5-
CCTTCAGCAACACAGGCTTG-3'.

In principle, the primer sequences were chosen
from separate DNA exons of the gene. Expected
sizes of amplified DNA fragments were 500, 577,
500 and 412 bp for GAPDH, iNOs, TNFu and IL-1«,
respectively. The reactions were run for 35 cycles
using a thermal cycler as follows: 1 min at 94°C,
1 min at 60°C and 2 min at 72°C. The 9 ul of each
PCR sample was mixed with 1 ul of the sample
buffer, electrophoresed through 2% agarose gel and
stained with ethidium bromide.

Statistical analysis

Arithmetic means were calculated for each experiment
group and tested for statistically significant differences
by Student’s #-test. Survival curves were analyzed by
the generalized Wilcoxon test. Survival ratios were
analyzed by contingency table analysis.

Results

Effects of AHCC plus UFT on the s.c.
growth and metastases of SST-2

As shown in Figure 3, the difference of tumor sizes
between three groups were gradually increased, and,
finally, on day 38, there was a significant difference of
tumor sizes between the control group and AHCC plus
UFT treated group (p <0.01). The average tumor sizes
of the control group and AHCC plus UFT treated
group were 52.5+4.23 and 43.9+2.95 mm, respec-
tively. Tumor weights of the control group and AHCC
plus UFT treated group were 57.6+4.53 and
35.1+8.95 g, respectively. Metastases to axillary LN
were inhibited by the treatment with AHCC plus UFT,
although the inhibitory effects of AHCC plus UFT on
pulmonary metastases were not clear. UFT alone had



no effect on lung and axillary LN metastasis or, rather,
it enhanced the metastasis (Table 1).

Effects on micro-metastasis to lung after
excision of primary tumors

As described above, UFT plus AHCC decreases the
number of metastases. Because the metastases to lung
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Figure 3. Growth curves of SST-2 tumors in SHR rats. SST-
2 tumors were implanted s.c. on day 0. UFT (15 mg/kg) was
administered p.o. every day from day 3 to 38. AHCC
(100 mg/kg/day in 24 ml) was also administered from day 3
1o 38. Each group consisted of five rats. Each point presents
mean+SD of average tumor diameter. *Statistically sig-
nificant (p<0.05).
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would be more accelerated after tumor excision in SST-
2 in SHR rats model,®’ we next investigated whether
UFT plus AHCC had inhibitory effects on micro-
metastasis after excision of primary tumors. As shown
in Table 2, there was no difference in tumor weights
and sizes at the period of tumor excision on day 21, but
mean survival time of the AHCC plus UFT treated group
was significantly prolonged compared with that of the
control group and UFT treated group. Three out of five
rats survived, suggesting that pulmonary metastases
were completely inhibited in these rats. Survival curves
of the three groups are shown in Figure 4.

Restoration of NK cell activity by AHCC

UFT alone showed a slight but not significant effect
on the survival of tumor-bearing rats and metastasis
of SST-2 cells (Table 2 and Figure 4). These findings
suggest that UFT may have negative effects such as
inhibition of host immune response other than
direct cytotoxic effects on SST-2 cells. Therefore,
we investigated the NK cell activity and cytotoxicity
and NO production of peritoneal macrophages in
these tumor-bearing rats with or without treatment
on day 21. As shown in Figure 5, NK cell activity
was certainly depressed when UFT alone was
administered. However, administration of AHCC in
combination with UFT restored the NK cell activity
to the comparable level of the control group.

Table 1. The effects of AHCC in combination with UFT on the growth of primary tumor and on the metastasis of SST-2

tumors in SHR rats

Treatment Primary tumor (day 38) Metastatic tumor
Diameter (mm) Weight (g) Lung Axillary LN
Positive Weight (g) Positive Weight (g)
UFT+AHCC 43.9+2.95 35.1+8.95 4/5 2.049+0473 0/5 -
UFT 45.412.77]* 428+3.33 [k 5/5 2.827+0.827 5/5 ]* 3.772+1.888
Control 52.5+4.23 57.6+4.53 5/5 1.858+0.147 3/5 8.9971+11.48

All rats were sacrificed on day 38. Values are expressed as mean+ SD. *p<0.01.

Table 2. The effects of AHCC in combination with UFT on the survival of SST-2-bearing rats

Treatment Primary tumor (day 21) Survivedftreated Mean survival time (days)
Diameter (mm) Weight (g)

UFT+AHCC 23.6+4.59 2.9854+1.300 3/5 >52.01+1.414

UFT 254+3.07 3.328 +0.081 0/5 49.8+1.304 3k %*

Control 2231348 2.828+0.538 0/5 43.8+4.818

Tumor excision was performed on day 21. All rats were kept under observation until they died. Values are expressed as mean + SD. *p<0.01.
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Enhancement of NO production and
cytotoxicity of peritoneal macrophages by
AHCC

As shown in Table 3, NO production during the
effector phase of peritoneal macrophages obtained
from AHCC plus UFT treated rats on day 21 was
drastically enhanced at every E:T ratio. Cytotoxic
activity of peritoneal macrophages was also enhanced
by AHCC plus UFT, but only slightly compared with the
enhancement of NO production.

Restoration of mMRNA expression by
AHCC

We next investigated mRNA expression in peritoneal
macrophages on day 21. As shown in Figure 6, mRNA
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Figure 4. Survival curves of rats after surgical tumor excision
on day 21. SST-2 tumors were implanted s.c. on day 0. UFT
(15 mg/kg) was administered p.o. every day from day 3 to 38.
AHCC (100 mg/kg/day in 24 ml) was also administered from
day 3 to 38. Surgical tumor excision was performed on day
21. Each group consists of five rats. *Statistically significant
(p<0.05) between the UFT plus AHCC treated group and the
other two groups by the generalized Wilcoxon test.

expression of iNOs was drastically increased by AHCC
administration. mRNA expression of TNF-¢, which was
depressed by UFT, was restored by AHCC in combina-
tion with UFT to the level observed in the control
group. Almost the same results were observed for
mRNA expression of IL-1o. GAPDH mRNA expression
was the same in all experimental groups.

Discussion

Synergistic effects of AHCC on the treatment with UFT
against mammary adenocarcinoma, SST-2 cells, in
congenitally T cell-depressed SHR rats were observed.
As far as the tumor growth on day 38 after tumor
implantation was concerned, there was a significant
difference in tumor sizes between the AHCC plus UFT
treated and control groups, although not significant
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Figure 5. NK cell activity of spleen cells in SST-2-bearing
rats. SST-2 tumors were implanted s.c. on day 0. UFT
(15 mg/kg) was administered p.o. every day from day 3 to
21. AHCC (100 mg/kg/day in 24 ml) was also administered
from day 3 to 21. On day 21, rats were sacrificed and
spleens were aseptically removed from three rats in each
group and mixed for cytotoxicity assay.

Table 3. NO production and cytotoxicity of peritoneal macrophages

Treatment E:T ratio
NO production (uM) Percent cytotoxicity
against SST-2 cells
) 100:1 50:1 25:1 100:1
UFT+AHCC 544 2.74 1.53 15.32
UFT 3.08 2.00 0.78 13.27
Control 1.62 0.49 0.00 10.82

OK-432-activated peritoneal macrophages (1 x 107) were mixed with SST-2 tumor cells at E:T ratios of
100:1, 50:1 and 25:1 in 12-well culture dishes for 16 h at 37°C. Nitrite levels in culture supematants were
measured by using the Griess reagent. Cytotoxicity was assayed by flow cytometry (see Materials and

methods).
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Treatment Control UFT UFT
+
AHCC

Figure 6. Expression of various cytokines and iNOs mRNA in peritoneal macrophages. SST-2 tumors were implanted s.c. on
day 0. UFT (15 mg/kg) was administered p.o. every day from day 3 to 21. AHCC (100 mg/kg/day in 24 ml) was also
administered from day 3 to 21. On day 21, rats were i.p. administered 1 KE of OK-432 in 1 ml PBS. On day 23, OK-432-
activated peritoneal macrophages were harvested with 20 ml PBS and total RNAs were extracted by the guanidine
thiocyanate:phenol:chloroform method. After reverse transcription, cDNA was amplified by PCR for 35 cycle using specific
primers to detect the indicated cytokines and iINOs. PCR products were visualized under UV light.

between the UFT alone treated and control groups.
Although lung metastases were not inhibited by the
treatment with AHCC plus UFT, metastases to axillay
LN were obviously inhibited. Similar inhibitory effects
of the combination of AHCC and UFT were observed
in SHR rats with accelerated pulmonary metastases
following the surgical removal of the primary tumor
and three out of five rats survived. These results
suggest that AHCC has obvious anti-metastatic activ-
ities and that it can be used for the treatment of
patients with advanced cancer.

In vitro experiments showed that administration of
AHCC in combination with UFT restored NK activities
depressed by UFT and stimulated peritoneal macro-
phage cytotoxicities, NO production and cytokine
production. It has been reported that both NK cells
and macrophages were involved in the inhibition of
tumor metastasis, when they were activated by
BRMs.?>"?® Gallo-Hendrikx et al. have reported that
the metastasis of human pancreatic tumor cells
implanted in SCID mice was minimal, whereas the
metastasis was found in more than 90% of mice
carrying the beige mutation.?® This result suggests that
NK cells and macrophages may be more important
than T and B cells in the anti-metastatic host immune
system, because the beige mutation resulted in the
deficient function of macrophages and NK cells. In our
models, UFT alone had no effect on the growth of
primary tumors but showed slight prolongation of
survival of mice after removal of primary tumors.
Because UFT reduced NK activities but stimulated
peritoneal macrophage function, UFT may affect the

growth of tumor cells indirectly at the metastatic sites
by activating macrophages. The combination of UFT
and AHCC significantly improved the prognosis of
mice after excision of primary tumors. In vitro
experiments showed that AHCC activated the NK cell
activity in addition to the activation of macrophages.

All together, AHCC brought about therapeutic
effects in combination with UFT on primary tumor
growth and metastasis, followed by the activation of
NK cells and macrophages.

Conclusion

AHCC significantly reduced the metastasis of rat
mammary adenocarcinoma in combination with UFT.
This effect was mediated by natural host immunity
which was restored or activated by AHCC. AHCC
could be used as a biological response modifier like
PSK and lentinan for the treatment of advanced
cancer.
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