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Abstract

We previously reported that restraint stress impairs the antitumor immune responses through its suppressive effect on the
Thl-type cytokine production from CD4* T cells. In this study, we investigated a potential of Hochu-ekki-to (TJ41:Bu-
Zhong-Yi-Qi-Tang) to restore stress-induced immunosuppression. The oral administration of TJ41 was able to improve a
decreased cdllularity in the lymph node and spleen and to improve an inhibition of tumor-specific Thl-type cytokine
production, both of which were induced by repeated restraint stress in tumor-bearing mice. The oral administration of TJ-41
also induced a partial recovery of the antitumor cytolytic activity in the stress-burdened tumor-bearing mice. More
importantly, the growth of tumors in stress-burdened preimmunized mice was obvioudly inhibited by TJ-41, and resulted in
tumor-free state in 75% of the mice. Regarding the mechanisms by which TJ-41 restored the antitumor responses in
stress-burdened mice, we found that the serum levels of corticosterone and interleukin-12 were normalized by TJ41. In
addition, the expression of CD80 and CD86, which both decreased in the stress-burdened mice, was restored to the normal
level by TJ41. Taken together, our results indicate that the oral administration of TJ-41 is able to restore the antitumor T
cell responses in stress-burdened tumor-bearing mice by normalizing the serum corticosterone, interleukin-12 and the
expression of costimulatory molecules. © 1999 Elsevier Science B.V. All rights reserved.
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— . . 1. Introduction
Abbreviations: APC, Antigen presenting cells, B6, C57BL /6;

CTLs, Cytotoxic T lymphocytes; dThd, Deoxythymidine; ELISA,

Enzyme-linked immunosorbent assay; FITC, Fluorescein isothio- The communication circuit between the immune

cyanate; IL, Interleukin; IFN, Interferon; LN, Lymph nodes; mAb, .

Monoclonal antibody; MMC, Mitomycin C; NK, Natura killer; and ,neuroendocrme_ system has been reporteq to be

Th, T helper mediated through ligands and receptors which are
* Corresponding author shared in both systems [1]. Various types of stress
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can activate the sympathetic nerve system and the
hypothalamic—pituitary—adrenal axis, leading to the
release of catecholamines from sympathetic nerve
terminals and the adrenal medulla, while glucocorti-
coids are released from the adrena cortex. The
elevation of endogenous glucocorticoid due to stress
responses has been reported to interfere with im-
mune cell distribution [8], migration [27,29], the
activation of cytotoxic T lymphocytes (CTLs) [10]
and cytokine production [9,11]. Antitumor immune
responses are also inhibited in stressed animals
[13,33] probably through such stress-induced im-
munosuppressive effects. We also recently revealed
that restraint stress significantly impairs the antitu-
mor T cell responses through the dysfunction of
Thl-type CD4 T cells [25].

Numerous reports have been published describing
the biologica actions of traditional Chinese herbal
medicine on immune responses. Traditional Chinese
medicines have been shown to induce the activation
of peritoneal macrophages [23] and to enhance the
protection against bacterial infections [21,26]. In ad-
dition, traditional Chinese medicine has been re-
ported to augment the antitumor immune responses
both in vivo and in vitro [14,16]. Although the
precise mechanism of these effects till remains
unclear, several reports have demonstrated their po-
tentia to enhance NK activity [4,18] and IFN-y
production [20]. We also reported that the oral
administration of traditional Chinese medicine,
Hochu-ekki-to (TJ41:Bu-Zhong-Yi-Qi-Tang) en-
hances concomitant immunity against tumor devel-
opment through an augmentation of the cytostatic
activity [15]. These lines of evidence encourage us to
examine whether stress-induced suppression in anti-
tumor immune responses can possibly be restored by
the administration of traditional Chinese herbal
medicines.

In the present study, we demonstrated that the
oral administration of TJ41 restored antitumor im-
mune responses, which were suppressed under the
stressed condition, through normalization of serum
corticosterone, 1L-12 and expression of costimula-
tory molecules. To our knowledge, this is the first
study to examine a potential importance of Chinese
herbal medicine in antitumor immune responses un-
der stressed conditions. The further implications of
these findings are discussed.

2. Materials and methods
2.1. Mice

Female C57BL /6 (B6) mice were obtained from
Japan SLC (Hamamatsu, Shizuoka, Japan) and were
used at 8—10 weeks of age. All mice were kept in
specific pathogen-free conditions. Care and use of
the mice were in accordance with protocols approved
by the Kyushu University Faculty of Medicine Labo-
ratory of Animal Experiments.

2.2. Hochu-ekki-to (TJ41)

Hochu-ekki-to, prepared as spray-dried powder of
hot-water extract obtained from 10 medica plantsin
the following ratios: Astragalus Root (4.0), Atracty-
lodes Lancea Rhizome (4.0), Ginseng Root (4.0),
Japanese Angelica Root (3.0), Bupleurum Root (2.0),
Jujube Fruit (2.0), Citrus Unshiu Peel (2.0), Gly-
cyrrhiza Root (1.5), Cimicifuga Rhizome (1.0) and
Ginger Rhizome (0.5), and was kindly provided by
Tsumura, Tokyo, Japan. The medicine was sus-
pended in water then boiled 10 min before use.
TJ41 was oraly administered by feeding through a
water bottle for drinking at a dose of 1000 mg kg !

day~*.
2.3. Stress protocol

The mice were physically restrained in well-
ventilated 50 ml polypropylene centrifuge tubes
(Corning 25331-50, Corning, NY) every other day,
as previoudy reported [25]. Each restraint stress
period lasted 15 h, from 6:00 pm until 9:00 am the
next day. The mice were deprived of food and water
during each restraint stress period, but were given
free access to food and water following each stress
period. The stress-free mice were also deprived of
food and water during the same period and were
used as controls.

2.4. Tumors

B16 is a melanoma line while EL4 is a T cell
lymphoma line and both tumor cell lines are of B6
origin. These tumor cell lines were maintained in a
complete culture medium. RPMI 1640 (Gibco, Grand
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Island, NY) supplemented with 10% heat-inactivated
FCS (HyClone, Logan, UT), 5x107° M 2-mer-
captoethanol, 2 mM L-glutamine, 100 nwg/ml gen-
tamycin, 10 mM HEPES and 0.2% sodium bicarbon-
ate was used as the complete culture medium.

2.5. Proliferation assay

B6 mice were burdened with repeated restraint
stress from day O to day 11 every other day (6
times). Four hours after the 3rd inducement of stress
(day 5), the mice were injected s.c. with 1 x 10°
B16 melanoma cells into the right flank. After 12
days of tumor inoculation (on day 17), the spleen
cells (1 x 108 cell /ml) and the lymph node (LN)
cells (5 x 10° cell /ml) were prepared and cultured
with mitomycin C (MMC)-treated B16 melanoma
cells (2 x 10* cells/ml and 1 x 10* cell /ml, respec-
tively) for 72 h using a 96-well culture plate (Corn-
ing) at a volume of 200 wl per well. During the last
8 h of the culture, 37 kBq of [*H]deoxythymidine
(dThd) was added to each well. The cultured cells
were then harvested and the incorporation of
[*H]dThd was counted using the Beta Plate system
(Pharmacia LKB Biotechnology, Uppsala, Sweden).
MMC treatment of tumor cells was performed using
a culture with 100 pg/ml MMC (Kyowa Hakko
Kogyo, Tokyo, Japan) at 37°C for 90 min. In some
groups, TJ41 was fed by a water-supplying bottle at
1000 mg kg~* day ! throughout the experiments.

2.6. Cytokine assay

The spleen cells and LN cells from the mice
burdened with stress and inoculated with B16
melanoma cells were restimulated with MM C-treated
B16 melanoma cells in vitro, under the same condi-
tions as those used in the proliferation assay. After
48 h, the supernatants of the culture were harvested
and assayed for the concentration of IFN-y and IL-2
by ELISA, as previously reported [25]. In some
groups, TJ-41 was fed by a water-supplying bottle at
1000 mg kg~* day ! throughout the experiments.
For the measurement of serum IL-12, the mice were
burdened with stress from day O to day 11, inocu-

lated with B16 melanoma cells on day 5 and also
provided with TJ41, as described above. After 12
days of tumor inoculation, the serum concentration
of 1L-12 was assessed by using a IL-12 p40 ELISA
kit (BioSource International, Camarillo, CA).

2.7. CTL assay

B6 mice were burdened with repeated restraint
stress from day O to day 11 every other day. Four
hours after the 3rd inducement of stress, the mice
were injected i.p. with 1 x 106 MMC-treated B16
melanoma cells. After 14 days of tumor immuniza-
tion, the spleen cells (5 x 10° cell /ml) were pre-
pared and cultured with MM C-treated B16 melanoma
cells (1x 10° cells/ml) for 96 h, and then their
cytolytic activity was assayed against B16 melanoma
and EL4. In some groups, TJ}41 was fed by a
water-supplying bottle at 1000 mg kg~! day !
throughout the experiments. The cytolytic activity
was measured by a standard 4 h *'Cr-release assay.
A graded number of effecter cells were incubated
with 1 X 10* cells of *'Cr-labeled target cells in 200
wl of the complete medium for 4 h in a round-bot-
tomed 96-well microtitre plate (Corning). After incu-
bation, 100 w! of the supernatant were harvested.
The radioactivity of the supernatant was measured
by a gamma-counter (Shimazu, Kyoto, Japan) and
the specific release was calculated according to the
following formula:

Specific > Cr release(%)

test release (cpm) — spontaneous rel ease (cpm)

= X 100
total release (cpm) — spontaneous rel ease (cpm)

Spontaneous release was determined by the super-
natant of the sample that was incubated with no
effecter cells, and the total release was determined
by the supernatant of the sample that was incubated
with 10% Triton X (Wako, Osaka, Japan).

2.8. In vivo tumor growth

To examine the tumor growth in vivo, we utilized
two different systems, consisting of a primary and
secondary tumor growth assay. In the primary tumor
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growth assay, B6 mice, which were burdened with
repeated restraint stress from day O to day 11 every
other day were injected s.c. with 1x10° B16
melanoma cells at 4 h after the 3rd inducement of
stress. In the secondary tumor growth assay, B6 mice
which were burdened with repeated restraint stress
from day O to day 11 every other day were injected
i.p. with 1 X 10° MMC-treated B16 melanoma cells
at 4 h after the 3rd inducement of stress. After 14
days of tumor immunization, the mice were inocu-
lated s.c. with either 2 x 10° cells of B16 melanoma
cells or EL4 lymphoma cells into the right flank. In
both assays, TJ}41 was fed by a water-supplying
bottle at 1000 mg kg~ * day~* in some groups. The
growth of the tumor was monitored every 3 or 4
days after tumor inoculation and the product of the
two tumor diameters based on measurements with a
caliper was thus used to determine the tumor size
(mm?).

2.9. Measurement of corticosterone

The serum level of corticosterone was determined
using a radioimmunoassay kit, which was purchased
from the Diagnostic Product, Los Angeles, CA.

2.10. Flow cytometric analysis

For the flow cytometry analysis, the stained cells
were analyzed by a FACS Calibur flow cytometer
with Cellquest software (Becton Dickinson, Moun-
tain View, CA). The supernatants of anti-Fc receptor
I1 /111 mAb-producing hybridoma (2.4G2: rat 1gG2b)
were used to block the non-specific binding. The
mAbs used in the flow cytometric analysis were as
follows: FITC-conjugated anti-I-A° mAb (Méiji In-
stitute of Health Science, Tokyo, Japan), biotin-con-
jugated anti-CD80 mAb (PharMingen, San Diego,
CA) and biotin-conjugated anti-CD86 mAb (Phar-
Mingen). For the staining of biotin-conjugated mAbs,
they were followed by phycoerythrin-conjugated
streptavidin (Gibco BRL, Gaithersburg, MD).

2.11. Satistics
The Statistical significance of the data was deter-

mined by Student’s t-test. A P value of less than
0.05 was considered to be statistically significant.

3. Results

3.1. Restoration of LN and splenic celularity by
TJ-41 in the stress-burdened tumor-bearing mice
through the stimulation of proliferative activity

To anayze the effect of TJ41 on the antitumor
immune responses in stress-burdened mice, we first
examined the changes of cellularity in the lymphoid
organs after TF41 administration. Table 1 shows that
the ora administration of TJ41 restored cell num-
bers of both tumor-draining LN and spleen which
were reduced by repeated restraint stress in the tu-
mor-bearing mice. To analyze the mechanism for
such effect of TJ-41, we next examined the prolifera
tive activity of LN and splenic lymphocytes in re-
sponse to stimulation with tumor cells. Although the
tumor-reactive proliferation of LN and spleen cells
was not suppressed in the stressed mice, such prolif-
erative activity was augmented by the administration
of TJ41 in the mice under stressed conditions but
not under stress-free conditions (Fig. 1). These re-
sults suggest that the administration of TJ41 alowed
the cellularity of the LN and spleen to recover in
stress-burdened tumor-bearing mice by stimulating
the proliferative activity of lymphocytes.

Table 1
Recovery of LN and spleen cellularity after TJ41 treatment in
stress-burdened tumor-bearing mice

Group Tumor? Stress® TJ41° Cell number per mouse®
LN (x10%) Spleen(x107)

1 + - - 34+02 10.0+0.8
2 + — + 33+04 124+0.1
3 + + - 1.9+05 6.7+0.1
4 + + + 3.2+0.1* 9.1+0.4*

#B6 mice were injected s.c. with 1x 108 B16 melanoma cellsinto
the right flank 4 h after the third inducement of restraint stress.
®B6 mice were burdened with repeated restraint stress every other
day for atotal of 6 times.

°TJ41 was orally administered by feeding with a water-supplying
bottle at a dose of 1000 mg kg~* day~! throughout the experi-
ments.

“Twelve days after the inoculation of tumor cells, the cell number
of the spleen and tumor-draining LN were analyzed. The values
indicate the means+ S.D. of six mice and the findings are repre-
sentative of three independent experiments.

*P < 0.05 compared with group 3.
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Group Tumor Stress TJ-41 Proliferation
[J Spleen

1 + - - B LN

2 + - +

3 + + -

*
4 + + + N
0 20 40 60 80
cpm (x103)

Fig. 1. Theincreased proliferation of spleen cells and tumor-drain-
ing LN cells after the oral administration of TJ41 in stress-
burdened mice. B6 mice were burdened with or without repeated
restraint stress from day O to day 11 every other day. Four hours
after the 3rd inducement of stress, the mice were injected s.c. with
1x 108 B16 melanoma cells into the right flank. After 12 days of
tumor inoculation, the spleen cells and the LN cells were prepared
and cultured with MMC-treated B16 melanoma cells for 72 h.
During the last 8 h of culture, 37 kBq of [*H]deoxythymidine
(dThd) was added to each well. In some groups, TJ41 was fed by
a water-supplying bottle at 1000 mg kg~ day~*. The values are
the mean+ S.D. of triplicate wells, and the findings are representa
tive of three separate experiments. *P < 0.05 compared with the
TJ41-untreated group.

3.2. Restoration of tumor-reactive Thl-type cytokine
production by TJ-41 in the stress-burdened tumor-
bearing mice

We recently reported that the stressed condition
impairsthe antitumor T cell responses mainly through

15

the suppression of Thl-type cytokine production from
CD4" T cells [25]. Since our group also reported
that the oral administration of TJ41 can augment the
concomitant immunity against tumors [15], we next
examined the effect of TJ-41 on cytokine production
under stressed conditions. As shown in Fig. 2, the
tumor-reactive production of IFN-y and IL-2, which
was suppressed in stress-burdened mice, was re-
stored after the oral administration of TJ41 in both
spleen and LN cells. The TJ41 administration also
showed a potential to increase the cytokine produc-
tion even in stress-free mice. We also examined the
IL-4 production in these groups, but the IL-4 level
was extremely low in al groups (data not shown).

3.3. Partial restoration of tumor-specific CTL activ-
ity by TJ-41 in the stress-burdened tumor-immunized
mice

In our previous report, the stress-induced inability
to generate antitumor CTLs from the tumor-im-
munized mice depends on their suppressed produc-
tion of Thil-type cytokines [25]. We therefore next
examined the effect of TJ41 on the generation of
antitumor CTLs from the mice under stressed condi-
tions. The tumor-specific CTL activity against B16
melanoma induced from the immunized spleen cells
was significantly suppressed under stressed condi-
tions in comparison to stress-free conditions (Fig. 3).
However, the oral administration of TJ41 partialy

Group Tumor Stress TJ-41 IFN-y IL-2
] Spleen
1 + - - LN
2 + - +
3 + + -
*
0 20 40 60 8 0 10 20 30 40
(U/ml) (U/ml)

Fig. 2. Restoration of the cytokine production from the spleen cells and tumor-draining LN cells after the oral administration of TJ3-41 in
stress-burdened mice. The spleen cells and LN cells from the mice, which were burdened with or without stress and inoculated with B16
melanoma cells, were restimulated with MMC-treated B16 melanoma cells in vitro, as the same condition of Fig. 1. After 48 h, the
supernatants of the culture were harvested and assayed to determine the concentration of IFN-g and IL-2 by ELISA. In some groups, TJ41
was fed by a water-supplying bottle at 1000 mg kg~! day~!. The values are the mean + S.D. of triplicate wells, and the findings are
representative of three separate experiments. * P < 0.05 compared with the stress-burdened TJ-41-untreated group.
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Target : B16 Target : EL4
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Fig. 3. Partia restoration of the CTL activity after the ora
administration of TJ41 in stress-burdened mice. B6 mice were
burdened with or without repeated restraint stress from day O to
day 11 every other day. Four hours after the 3rd inducement of
stress, the mice were injected i.p. with 1x 10® MMC-treated B16
melanoma cells. After 14 days of tumor immunization, the spleen
cellswere prepared and cultured with MM C-treated B16 melanoma
cells for 96 h, and then their cytolytic activity against B16
melanoma and EL4 was determined by a 4 h L Cr-release assay.
In some groups, TJ}41 was fed by a water-supplying bottle at
1000 mg kg~ day 1. The values are the mean+ SD of triplicate
wells, and the findings are representative of three separate experi-
ments. *P < 0.05 compared with the stress-burdened TJ-41-un-
treated group.

but significantly allowed the tumor-specific CTL
activity to recover in such stress-burdened tumor-im-
munized mice. The CTL activity against EL4, which
might represent the non-specific cytolytic activity of
the cultured spleen cells, showed a similar tendency,
but no significant difference was observed. We aso
examined the effect of TJ41 on the NK activity of
spleen cells from the stress-burdened mice, but no
difference was observed in the mice either with or
without poly (1:C) injection (data not shown). These
results thus suggest that the oral administration of
TJ41 can restore the tumor-specific CTL activity
generated from the stress-burdened tumor-im-
munized mice.

3.4. Enhancement of protective immunity against
tumor by TJ-41 in the stress-burdened mice

We further determined the effect of TJ-41 on the
growth of tumors in stressed mice using two differ-
ent systems, consisting of a primary and secondary
tumor growth assay (see Section 2.8). In the previous
study, we have reported that our stress protocol
significantly promotes the tumor growth in the sec-
ondary growth assay, but not in the primary growth

assay, due to the impaired CTL activity [25]. The
oral administration of TJ41 showed no significant
effect for the primary tumor growth in the mice
under either stressed conditions or stress-free condi-
tions (Fig. 4A). On the other hand, the secondary
growth of B16 melanoma was significantly sup-
pressed by the administration of TJ41 in the stress-
burdened, B16 melanoma-immunized mice (Fig. 4B).

A
Stress (-) Stress (+
150 150 ®
~ o TJ-41 (-)
) o TJ-41 (+)
£ 100 100+
8
g 504 1 50+
E 1
=
=
0 T T 0 T y
0 7 14 7 14
days after tumor inoculation
B TI-41(-) TI-41(+)
60 60
(178) (6/8)
404 40
) B16
oY 204 20+
g
80 0
5 (0/6)
E 4004 4001
=
300+ 300+
EL4
200+ 200
100+ 100 -
. “-/"./
0+ = 0% T
3 36 9 121518

Days after tumor rechallenge

Fig. 4. Enhancement of protective immunity against B16
melanoma after the oral administration of TJ41 in stress-burdened
mice. (A) B6 mice were burdened with or without repeated
restraint stress from day O to day 11 every other day. Four hours
after the 3rd inducement of stress, the mice were injected s.c. with
1x 108 B16 melanoma cells into the right flank. (B) B6 mice
were burdened with repeated restraint stress from day 0 to day 11
every other day. The mice were injected i.p. with 1108 MMC-
treated B16 melanoma cells at 4 h after the 3rd inducement of
stress. After 14 days of tumor immunization, the mice were
inoculated s.c. with either 2 10° cells of B16 melanoma cells or
EL4 lymphoma cells into the right flank. In some groups, TJ41
was fed by a water-supplying bottle at 1000 mg kg~* day %, and
the growth of tumor was monitored every 3 or 4 days after tumor
inoculation. The numbers in parentheses in (B) indicate the ratio
of tumor-free mice/total mice at 30 days after tumor inoculation.
The results are shown as means+ S.D. in (A) and as an individual
size of each micein (B), and the findings are representative of two
Separate experiments.
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There was no significant effect of TJ-41 against the
growth of the control tumor, EL4. We further moni-
tored the rate of tumor-rejected mice in the sec-
ondary tumor growth assay, and found that the ad-
ministration of TJ41 increases the percentage of
tumor rejection from 12% to 75% at 30 days after
tumor inoculation (Fig. 4B). These results suggest
that TJ41 has the potential to enhance the protective
immunity against tumors in stress-burdened mice.

3.5. Normalization of the serum level of cortico-
sterone and IL-12 by TJ-41 in the stress-burdened
tumor-bearing mice

Up to now, we demonstrated that the oral admin-
istration of TJ41 restored the antitumor immune

responses both in vitro and in vivo, which were
suppressed in the stress-burdened mice. In order to
investigate mechanisms of TJ41, we first examined
the influence of TJ41 on the serum level of cortico-
sterone, because the increase of glucocorticoid secre-
tion under the stressed conditions is known to induce
variable kinds of immunosuppression in the tumor-
bearing host [31]. As shown in Fig. 5A, our stress
protocol induced the elevation of serum cortico-
sterone, consistently with our previous report [25].
Interestingly, the oral administration of TJ-41 signifi-
cantly decreased the serum corticosterone level in
the stress-burdened mice, athough no remarkable
change was observed in the mice with stress-free
condition. We further examined the kinetics of serum
corticosterone and the relationship to the restoration

A

Group Tumor Stress TJ-41 Corticosterone IL-12

1 + - -

2 + - + * *

3 + + - —

* *
4 + + +
200 400 600 800 1000 O 20 40 60 80
(ng/ml) (ng/ml)
B Corticosterone Spleen
1000 16
14
= 800 S 1)
£ 6001 % 10 O Stress (-), TI-41 ()
) 8 3] ® Stress (+), TI-41 (-)
2 4001 g B Stress (+), TI-41(+)
£ g2 6]
2 = ]
& 200 R G
2.
0 - ; - 0 : ; :
0 4 8 12 4 8 12
days days

Fig. 5. Normalization of serum corticosterone and IL-12 by TJ41 in the stress-burdened mice. B6 mice were burdened with or without
repeated restraint stress from day 0 to day 11 every other day, and TJ-41 was fed at 1000 mg kg~* day ! in some groups. In (A), 4 h after
the 3rd inducement of stress, the mice were injected s.c. with 1 X 10° B16 melanoma cells into the right flank. After 12 days of tumor
inoculation, the serum was collected and the levels of corticosterone and IL-12 were determined by radioimmunoassay and ELISA,
respectively. In (B), the serum level of corticosterone and the cell number of spleen were assessed on day 0, 4, 8 and 12. The values are
means + S.D. of at least five mice. ¥*P < 0.05 between compared two groups in (A) and between closed circle and closed square in (B).
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of cdlularity in lymphoid organs by TJ41. The
serum corticosterone increased as early as on day 4
after the beginning of the stress and maintained the
significantly high level at least up to on day 12 (Fig.
5B). The TJ41 treatment in the stress-burdened
mice, however, was able to decrease serum cortico-
sterone on day 4 and normalize on day 8 and 12.
Consistently with such kinetics of corticosterone, the
splenic cellularity in the TJ4l-treated stress
burdened mice was significantly recovered on day 8
and 12 in comparison with TJ41-untreated stress-
burdened mice (Fig. 5B).

We next examined the serum level of [L-12,
which is known as a potent inducer of Thl-type

40

Stress TJ-41

CD80 ——

Relative cell number ———

T :'| T
102 10° 10

CD86

Fig. 6. Restoration of CD80 and CD86 expression by TJ-41 in the
stress-burdened mice. The B6 mice were burdened with or without
repeated restraint stress from day O to day 11 every other day.
Four hours after the 3rd inducement of stress, the mice were
injected i.p. with 1x 105 MMC-treated B16 melanoma cells, and
after 14 days of tumor immunization, the spleen cells were
prepared and cultured with MM C-treated B16 melanoma cells for
48 h. The cells were then harvested and analyzed for the expres-
sion level of CD80 and CD86 by a flow cytometer under the gate
of I-AP-positive cells. In some mice, TJ41 was fed by a water-
supplying bottle at 1000 mg kg~! day~!. Similar results were
obtained in five mice of each group, and the representative data of
these mice are shown.

109 10

cytokines [35], in the mice under the stressed condi-
tion with or without TJ41 treatment. As shown in
Fig. 5A, the serum IL-12, which significantly de-
creased by the stressed condition, was restored to the
normal level by the treatment with TJ41. Taken
together, these results suggest that TJ-41 alowed the
antitumor immune responses to restore by normaliz-
ing the serum level of corticosterone and 1L-12
under the stressed conditions.

3.6. Recovered expression of costimulatory molecules
by TJ-41 in the stress-burdened mice

Since glucocorticoids have been reported to in-
duce an immunosuppressive state through a down-
regulation of the expression level of costimulatory
molecules on dendritic cells [28], we further exam-
ined the effect of TJ41 on the expression of CD80
and CD86. As shown in Fig. 6, the expression levels
of both CD80 and CD86 on MHC class |l-positive
cells decreased in the spleen of the stress-burdened
mice. However, the ora administration of TJ41
restored the reduced expression of CD80 and CD86
to the level of the mice with a stress-free condition.
These results suggest that the oral administration of
TJ41 restored the antitumor immune responses
through the normalization of the costimulatory func-
tion of antigen presenting cells (APC).

4. Discussion

Cancer patients are supposed to be associated
with various types of stress, including not only phys-
ical stress but also psychologica stress. Since the
stressed condition has been reported to induce im-
munosuppression in antitumor responses, the restora-
tion of such an immunosuppressive state is consid-
ered important. In spite of several reports which
demonstrate the potentia of traditional Chinese
herbal medicine to enhance antitumor activity, there
have so far been no investigations elucidating the
effect of traditional Chinese herbal medicine on
stress-induced immunosuppression in a tumor-
bearing state. In this study, we found that the oral
administration of TJ41 restored the celularity of
lymphoid organs, cytokine production and CTL ac-
tivity against tumor cells, which had been inhibited
in stress-burdened tumor-bearing mice. In addition,
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we reveded the effects of TJ341 to normaize the
level of serum corticosterone, IL-12 and the expres-
sion of costimulatory molecules on APC. We con-
sider these results to therefore support the usefulness
of TJ41 in the treatment of cancer in combination
with other immunotherapies.

Our stress protocol induced a decreased cellularity
in tumor-draining LN and the spleen in tumor-bearing
mice (Table 1), which is consistent with our previous
findings [25]. Since the proliferative activity of lym-
phocytes was not suppressed by the stressed condi-
tion (Fig. 1), the reason for the decrease in cellularity
is thus considered to be due to some other mecha
nisms such as apoptosis or change of cell distribu-
tion. Indeed, endogenous glucacorticoids induced by
the stressed conditions can mediate apoptosis in pe-
ripheral lymphocytes as well as thymocytes [5]. In
this study, we suggest that the oral administration of
TJ41 is able to restore the cellularity of lymphoid
organs through following possible mechanisms. First,
TJ41 stimulated the proliferative activity of lympho-
cytes under the stressed condition (Fig. 1). Second,
the endogenous corticosterone in serum was returned
to the norma level by TJ41 correspondingly with
the splenic cellularity (Fig. 5B). Third, TJ-41 recov-
ered the surface expression of costimulatory
molecules (Fig. 6) which presumably inhibit apopto-
sisin lymphoid organs since the costimulatory signal
is known to increase such anti-apoptotic proteins as
Bcl-XL [2]. Our findings thus suggest multiple path-
ways of TJ41 to restore the lymphoid cellularity
although further investigations would be needed to
explore the precise mechanisms.

Regarding tumor-reactive cytokine production,
TJ41 showed a potential to augment IFN-y and IL-2
production in both tumor-draining LN cells and
spleen cells (Fig. 2). TJ}41 exhibited such an en-
hancement of Thl-type cytokines even in stress-free
mice, thus suggesting its ability to preferentially
induce Thl-type responses regardless of the stress.
Indeed, TJ41 has been reported to enhance the
protection against infection with Listeria monocyto-
genes which is controllable under Thil-type condi-
tions [26]. Moreover, we demonstrated that TJ41 is
capable of recovering serum IL-12 to the normal
level under the stressed condition (Fig. 5A), while
IL-12 is so far known as the most important factor to
initiate Thl-type cytokines [35]. On the other hand,

effects of TJ41 on Th2-type cytokines was not
apparent in this study because our protocol, utilizing
the immunization with inactivated tumor cells, is
predominantly related to the Thil-type response.
However, our group previously reported the adminis-
tration of TJ41 to suppress IL-4 production and the
serum IgE level in mice immunized by antigens
mixed with aluminum hydroxide [19]. Taken to-
gether, TJ41 appears to preferentialy shift the
Thl/Th2 balance to the Thl-type responses. In addi-
tion, the effect of TJ341 to decrease the level of
serum corticosterone (Fig. 5A) is thus also consid-
ered to contribute to the regulation of the Thl/Th2
balance, since glucocorticoids are reported to induce
Th2-type cytokines [6,7,34].

We demonstrated that the administration of TJ-41
can partialy restore the suppressed antitumor CTL
activity in the stress-burdened mice (Fig. 3). This
restoration of CTLs would depend on the enhance-
ment of Thl-type cytokines by TJ-41, because we
previously reported that the in vitro addition of IL-2
can restore the antitumor CTLs in stress-burdened
mice [25]. In addition, the normalization of serum
IL-12 (Fig. 5A) and the expression of costimulatory
molecules on APC (Fig. 6) also participate in CTL
restoration since these factors are important for the
effective induction of antitumor CTLs [3,12]. In
recent studies, the interactions between CD40 on
APC and CDA40 ligand on T cells are reported to be
important for the regulation of costimulatory
molecules on APC and induction of CTLs [30,36],
thus suggesting a worthwhile examination about the
influence of TJ341 on CD40 ligand. As a result of
the restoration of CTL activity, the secondary tumor
growth in the mice treated with TJ-41 was inhibited
and surprisingly resulted in a 75% tumor rejection in
the stressed mice (Fig. 4B). This effect of TJ41 thus
appears to differ from the direct suppression of
tumor cells, because they showed no effect against
primary tumor growth (Fig. 4A). Moreover, this
result also suggest that TJ41 can predominantly
modulate adaptive immune responses by T cells and
B cells rather than innate immune responses by NK
cells and macrophages.

In spite of the immunomodulatory properties of
TJ41 as described above, it remains unclear which
components in T}41 are predominantly responsible
for the effects in this study. In addition, we could not
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verify the immunological effects of T341 on B cell,
macrophages and NK cells since we focused on T
cell functions in this study. By reference to previous
papers, an acidic polysaccharide derived from gin-
seng roots generates CD8™ Kkillers through the acti-
vation of macrophages and CD4* T cells [24]. Gin-
seng is also reported to enhance NK activity both in
human and mouse studies [22,32], although no sig-
nificant increase of NK activity was observed in
stress-burdened TJ-41-treated mice in this study (data
not shown). In addition, glycyrrhiza root is reported
to stimulate peritoneal macrophages to produce TNFa
in cyclophosphamide-treated immunocompromised
mice [17]. Regarding our present results, we consider
two fundamental pathways by which TJ41 modu-
lates the immune responses in the stressed condi-
tions. One is a direct stimulation against immune
cells including T cells and APC, which is presum-
ably mediated through receptors for biologically ac-
tive components in TJ41 such as acidic polysaccha
rides. The other is an indirect pathway through the
regulation of neuroendocrine system, demonstrated
as the normalization of corticosterone in this study.
Since glucocorticoids are reported to inhibit Thl-type
responses, |L-2 production and expression of costim-
ulatory molecules [6,7,28,34], the latter pathway
would be compatible to the present results.

In conclusion, we herein demonstrated that the
oral administration of TJ41 was able to restore the
cellularity of lymphoid organs and the antitumor
immune responses in stress-burdened mice through
the normalization of the serum corticosterone, 1L-12
and the expression of costimulatory molecules. TJ-41
is thus considered to be a beneficial medicine for
restoring the immunological status in patients suffer-
ing from cancer with physical and psychological
stress.

Acknowledgements

We thank Mr. B.T. Quinn for proofreading the
manuscript.

References

[1] JE. Blaock, The syntax of immune-neuroendocrine commu-
nication, Immunol. Today 15 (1994) 504-511.

[2] L.H. Boise, A.J. Minn, P.J. Noel, C.H. June, M.A. Accavitti,

T. Lindsten, C.B. Thompson, CD28 costimulation can pro-

mote T cell survival by enhancing the expression of Bcl-XL,

Immunity 3 (1995) 87-98.

L. Chen, S. Ashe, W.A. Brady, |. Hellstrom, K.E. Hellstrom,

J.A. Ledbetter, P. McGowan, P.S. Linsley, Costimulation of

antitumor immunity by the B7 counterreceptor for the T

lymphocyte molecules CD28 and CTLA-4, Cell 71 (1992)

1093-1102.

JM. Cho, N. Sato, K. Kikuchi, Prophylactic anti-tumor

effect of Hochu-ekki-to (TJ41) by enhancing natura killer

cell activity, In Vivo 5 (1991) 389-391.

S.D. Collier, W.J. Wu, S.B. Pruett, Endogenous glucocorti-

coids induced by a chemical stressor (ethanol) cause apopto-

sis in the spleen in B6C3F1 female mice, Toxicol. Appl.

Pharmacol. 148 (1998) 176-182.

[6] R.A. Daynes, B.A. Araneo, Contrasting effects of glucocorti-

coids on the capacity of T cells to produce the growth factors

interleukin 2 and interleukin 4, Eur. J. Immunol. 19 (1989)

2319-2325.

R.H. DeKruyff, Y. Fang, D.T. Umetsu, Corticosteroids en-

hance the capacity of macrophages to induce Th2 cytokine

synthesis in CD4" lymphocytes by inhibiting IL-12 produc-

tion, J. Immunol. 160 (1998) 2231-2237.

F.S. Dhabhar, A.H. Miller, B.S. McEwen, R.L. Spencer,

Effects of stress on immune cell distribution. Dynamics and

hormonal mechanisms, J. Immunol. 154 (1995) 5511-5527.

C.M. Dobbs, N. Feng, F.M. Beck, J.F. Sheridan, Neuroen-

docrine regulation of cytokine production during experimen-

tal influenza vira infection: effects of restraint stress-induced

elevation in endogenous corticosterone, J. Immunol. 157

(1996) 1870-1877.

[10] C.M. Dobbs, M. Vasquez, R. Glaser, JF. Sheridan, Mecha
nisms of stress-induced modulation of viral pathogenesis and
immunity, J. Neuroimmunol. 48 (1993) 151-160.

[11] G. Fantuzzi, E. Di Santo, S. Sacco, F. Benigni, P. Ghezzi,
Role of the hypothalamus-pituitary-adrenal axisin the regula-
tion of TNF production in mice. Effect of stress and inhibi-
tion of endogenous glucocorticoids, J. Immunol. 155 (1995)
3552—-3555.

[12] M.K. Gately, A.G. Wolitzky, P.M. Quinn, R. Chizzonite,
Regulation of human cytolytic lymphocyte responses by
interleukin-12, Cell. Immunol. 143 (1992) 127-142.

[13] T. Girddi, L. Perissin, S. Zorzet, V. Rapozzi, M.G. Rodani,
Metastasis and neuroendocrine system in stressed mice, Int.
J. Neurosci. 74 (1994) 265-278.

[14] M. Hamada, Y. Fujii, H. Yamamoto, Y. Miyazawa, SM.
Shui, T.C. Tung, N. Yamaguchi, Effect of a kampo medicine,
zyuzentaiho-to, on the immune reactivity of tumor-bearing
mice, J. Ethnopharmac. 24 (1988) 311-320.

[15] M. Harada, K. Seta, O. Ito, K. Tamada, T. Li, H. Terao, M.
Takenoyama, G. Kimura, K. Nomoto, Concomitant immu-
nity against tumor development is enhanced by the oral
administration of a kampo medicine, Hochu-ekki-to (TJ-41:
Bu-Zhong-Yi-Qi-Tang), Immunopharmacol. Immunotoxicol.
17 (1995) 687-703.

[16] K. Haranaka, N. Satomi, A. Sakurai, R. Haranaka, N. Okada,

[3

=

[4

flo

[5

—_

[7

—

[8

—_

[9

—_



[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

T. Li et al. / Immunopharmacology 43 (1999) 11-21 21

M. Kobayashi, Antitumor activity and tumor necrosis factor
productivity of traditional Chinese medicines and crude drugs,
Cancer Immunol. Immunother. 20 (1985) 1-5.

R. Jin, L.L. Wan, T. Mitsuishi, S. Sato, Y. Akuzawa, K.
Kodama, S. Kurashige, Effect of shi-karon and Chinese
herbs on cytokine production of macrophage in immunocom-
promised mice, Am. J. Chin. Med. 22 (1994) 255-266.

M. Kaneko, T. Kawakita, Y. Tauchi, T. Saito, A. Suzuki, K.
Nomoto, Augmentation of NK activity after oral administra-
tion of a traditional Chinese medicine, Xiao-chai-hu-tang
(shosaiko-to), Immunopharmacol. Immunotoxicol. 16 (1994)
41-53.

M. Kaneko, K. Kishihara, T. Kawakita, T. Nakamura, H.
Takimoto, K. Nomoto, Suppression of IgE production in
mice treated with a traditional Chinese medicine, bu-zhong-
yi-gi-tang (Japanese name: hochu-ekki-to), Immunopharma
cology 36 (1997) 79-85.

T. Kawakita, S. Nakai, Y. Kumazawa, O. Miura, E. Yu-
mioka, K. Nomoto, Induction of interferon after administra-
tion of a traditional Chinese medicine, xiao-chai-hu-tang
(shosaiko-to), Int. J. Immunopharmacol. 12 (1990) 515-521.
T. Kawakita, A. Yamada, M. Mitsuyama, Y. Kumazawa, K.
Nomoto, Protective effect of a traditional Chinese medicine,
xiao-chai-hu-tang (Japanese name: shosaiko-to), on Pseu-
domonas aeruginosa infection in mice, Immunopharmacol.
Immunotoxicol. 9 (1987) 523-540.

JY. Kim, D.R. Germolec, M.l. Luster, Panax ginseng as a
potential immunomodulator: studies in mice, Immunophar-
macol. Immunotoxicol. 12 (1990) 257—-276.

Y. Kumazawa, H. Takimoto, S. Miura, C. Nishimura, A.
Yamada, T. Kawakita, K. Nomoto, Activation of murine
peritoneal macrophage by intraperitoneal administration of
traditional Chinese herbal medicine, xiao-chai-hu-tang
(Japanese name: shosaiko-to), Int. J. Immunopharmacol. 10
(1998) 395-403.

Y.S. Leg I.S. Chung, I.R. Leg, K.H. Kim, W.S. Hong, Y.S.
Yun, Activation of multiple effector pathways of immune
system by the antineoplastic immunostimulator acidic poly-
saccharide ginsan isolated from Panax ginseng, Anticancer
Res. 17 (1997) 323-331.

T. Li, M. Harada, K. Tamada, K. Abe, K. Nomoto, Repeated
restraint stress impairs the antitumor T cell response through

its suppressive effect on Thl-type CD4" T cells, Anticancer
Res. 17 (1997) 4259-4268.

[26] X. Li, H. Takimoto, S. Miura, Y. Yoshikai, G. Matsuzaki, K.
Nomoto, Effect of a traditional Chinese medicine, bu-zhong-
yi-gi-tang (Japanese name: hochu-ekki-to) on the protection
against Listeria monocytogenes infection in mice, Im-
munopharmacol. Immunotoxicol. 14 (1992) 383—-402.

[27] K. Mizobe, K. Kishihara, R. Ezz-Din EI-Naggar, G.A. Mad-
kour, C. Kubo, K. Nomoto, Restraint stress-induced eleva-
tion of endogenous glucocorticoid suppresses migration of
granulocytes and macrophages to an inflammatory locus, J.
Neuroimmunol. 73 (1997) 81-89.

[28] M. Moser, T. De Smedt, T. Sornasse, F. Tielemans, A.A.
Chentoufi, E. Muraille, M. Van Mechelen, J. Urbain, O. Leo,
Glucocorticoids down-regulate dendritic cell function in vitro
and in vivo, Eur. J. Immunol. 25 (1995) 2818-2824.

[29] C.A. Ottaway, A.J. Husband, The influence of neuroen-
docrine pathways on lymphocyte migration, Immunol. Today
15 (1994) 511-517.

[30] J.P. Ridge, F.D. Rosa, P. Matzinger, A conditioned dendritic
cell can be atemporal bridge between a CD4* T-helper and
a T-killer cell, Nature 393 (1998) 474-478.

[31] V. Riley, Psychoneuroendocrine influences on immunocom-
petence and neoplasia, Science 212 (1981) 1100-1109.

[32] D.M. See, N. Broumand, L. Sahl, J.G. Tilles, In vitro effects
of echinacea and ginseng on natura killer and antibody-de-
pendent cell cytotoxicity in healthy subjects and chronic
fatigue syndrome or acquired immunodeficiency sydrome
patients, Immunopharmacology 35 (1997) 229-235.

[33] Z. Steplewski, W.H. Vogel, H. Ehya, C. Poropatich, JM.
Smith, Effects of restraint stress on inoculated tumor growth
and immune response in rats, Cancer Res. 45 (1985) 5128—
5133.

[34] K. Tamada, M. Harada, K. Abe, T. Li, K. Nomoto, IL-4-pro-
ducing NK1.1" T cells are resistant to glucocorticoid-in-
duced apoptosis: implications for the Thl/Th2 balance, J.
Immunol. 161 (1998) 1239-1247.

[35] G. Trinchieri, Interleukin-12 and its role in the generation of
TH1 cells, Immunol. Today 14 (1993) 335-337.

[36] Y. Yang, JM. Wilson, CD40 ligand-dependent T cell activa
tion: requirement of B7-CD28 signaling through CD40, Sci-
ence 273 (1996) 1862—-1864.



