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Abstract

Background: The modified Si-Jun-Zi Decoction (SJZ), a Chinese medicine formula, is clinically used against multiple
malignancies including colorectal cancer (CRQ). This study aims to evaluate the effect of modified SJZ on CRC liver
metastasis and identify the therapeutic mechanisms.

Methods: Human CRC cells with GFP fluorescence were transplanted into Balb/c nude mice spleens. Modified SJZ,
5-fluorouracil or the combined treatment was given for 3 weeks. CRC liver metastasis was measured by fluorescence

modified SJZ were investigated in nude mice.

imaging and plasma cytokines were analyzed. Furthermore, the effects of administration time and doses for the

Results: Modified SJZ could increase the survival rate and reduce CRC liver metastasis in the nude mice model.
Plasma GM-CSF level was elevated. Three weeks of treatment with the modified SJZ at the full dose (45 g/kg) could
significantly increase the number of macrophages but not neutrophils in the spleen.

Conclusions: These results indicate that modified SJZ can inhibit CRC liver metastasis by activating the innate
immune system, providing a complementary and alternative therapy for CRC.
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Background

Colorectal cancer (CRC) is a common type of cancer,
whose incidence ranks the third in Americans [1]. The
highest incidence occurs in people aged 65~79 [2]. In
China, CRC incidence has increased constantly during
the past decades and the mortality rate of CRC is cur-
rently ranked the fifth among all cancers. It is estimated
that around 191,000 patients died in the year of 2015
[3]. Metastasis of CRC is a biological feature of malig-
nant tumor, accounting for most CRC patients’ death.
The 5-year standardized survival rate ranges from 36 to
63% in Chinese CRC patients [4], which means that about
half of these patients will experience CRC metastasis even
after five years. Meanwhile it provides more time and
opportunities for intervention. In CRC patients, the target
organs of metastasis are mainly liver and lung [5].
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However, there is still little knowledge about how to re-
duce metastasis.

In China, the modified Si-Jun-Zi Decoction (SJZ) is a
famous traditional Chinese medicine (TCM) used against
cancers including CRC in clinical treatment [6]. It is con-
sidered mild in nature and includes many tonic herbs such
as Codonopsis pilosula, Poria, Atractylodis Macrocepha-
lae, Glycyrrhizae Radix et Rhizoma. The SJZ Decoction
has been claimed beneficial to the immune and gastro-
intestinal system in chronic disease patients [7, 8].

In clinical observations, SJZ treatment could increase
3-year and 5-year survival rates, and reduce metastasis-re-
lapse rate in gastric cancer patients, compared with the
chemotherapy group [9]. Modified SJZ treatment has been
reported to restore humoral immune system and other
researchers have observed an increase of T lymphocyte
subsets after treatment in the patients with gastrointestinal
tumors [10]. Furthermore, previous animal studies have
shown that SJZ treatment could recover the hematopoietic
system in irradiated mice [11] as well as enhance cellular
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and humoral immunity [12]. It has also been reported to
counteract the cyclophosphamide-induced inhibition of
peritoneal macrophage mediated cytotoxic activity [13].
Therefore, we hypothesized that this prescription may be
beneficial to the innate immune system in the tumor-bear-
ing body. However, its function on CRC liver metastasis
and the underlying mechanism are still unclear.

In this study, we used a nude mice model of splenic—
transplantation of colon cancer cells to study their liver
metastasis. This model could partially mimic the patho-
genesis of colon cancer, including cancer cells detaching
from colon cancer tissue and entering the liver by portal
venous system. This study aims to investigate the effect
of modified SJZ on CRC liver metastasis in a mouse
model and to explore its possible mechanism from the
aspect of mice immune system.

Methods

Drug preparation

Modified SJZ was made in the Department of Pharmacy at
Affiliated Hospital of Nanjing University of Chinese
Medicine (Nanjing, Jiangsu, China). It is composed of Radix
Astragali (15 g, Batch number: 1606066), Codonopsis pilo-
sula (15 g, Batch number: 1607099), Rhizoma Atractylodis
Macrocephalae (10 g, Batch number: 1606119), Poria (15 g,
Batch number: 1605044), Dioscoreae Rhizome (15 g, Batch
number: 1605034), Glycyrrhizae Radix et Rhizoma (5g,
Batch number: 1607086), Mume Fructus (10 g, Batch
number: 1602071), Sparganii Rhizoma (10g, Batch
number: 1512060), Curcumae Rhizoma (10 g, Batch num-
ber: 1605130), Agrimoniae Herba (30g, Batch number:
1604092), patrinia (30 g, Batch number: 1512157). They
were all bought from Jiangyin Tianjiang Pharmaceutical
Co., Ltd. (Jiangsu, China). All the granules of the above
mentioned herbs were solved in 200 mL double-distilled
water, heated at 120 °C, concentrated to 3 g herb/mL, and
kept at 4 °C until usage.

Cell line and reagents

The GFP-HCT-116 cell line (Retroviral GFP transduction)
was purchased from Nanjing Origin Biotechnology Co. Ltd.
(Nanjing, Jiangsu, China). Antibodies for flow cytometry
were as follows: Mouse FcR Blocking (Miltenyi, 130—092—
575), CD45-PE-Vio770 mouse (Miltenyi, 130-105-462),
Anti-Mouse F4/80 Antigen PE (eBioscience, 12-4801-80),
Anti-Mouse CD11b APC (eBioscience, 17-0112-81), Anti-
Mouse Ly-6G-FITC (eBioscience, 11-9668-82).

Animals and ethics statement

Forty eight Balb/c nu/nu mice, aged 4~6weeks and
weighted 20~24 g, were bought from Comparative Medi-
cine Centre of Yangzhou University (Yangzhou, Jiangsu,
China, animal certificate no. 0038475). The mice were
kept in well ventilated sterile polypropylene cages in the
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SPF animal houses, free to sufficient sterilized water and
complete formula feed, housed in a rodent facility at 25°
C with a 12 h light-dark cycle. All procedures involving
animals and their care used were approved by the Ani-
mal Ethics Committee of Affiliated Hospital of Nanjing
University of Chinese Medicine according to the Regula-
tion of Experimental Animal Management (State Scien-
tific and Technological Commission of the People’s
Republic of China, number 2, 1988) and the Jiangsu
Province Experimental Animal Management (Jiangsu
province government, China, number 45, 2008). Experi-
ments were started after acclimating for a week.

Intrasplenic transplanted cancer cells

GFP-HCT-116 cells were cultured in 37°C incubator
with 5% CO,, harvested by digestion with 0.25% trypsin
solution, washed twice with phosphate-buffered saline,
and collected to a concentration of 1x10%/mL. We
followed Giavazzi R’s method to intrasplenically transplant
cancer cells [14]. Briefly, for anesthesia, animals were
given an intraperitoneal injection of ketamine and xyla-
zine. Each nude mouse was injected with 20 uL cell sus-
pension in the spleen. They were recovered on a heating
pad after surgery, till being returned to housing cages.

Animal groups and treatment

The cancer cells transplanted nude mice were randomly
divided into four groups: G1: negative control group,
G2: 5-fluorouracil (5-Fu) group, G3: modified SJZ group
and G4: the combined treatment group. Each group had
12 mice at the beginning. All treatments were given from
the third day after transplantation and tumor formation
was observed three weeks after injection [15]. The treat-
ment of 5-Fu group was 15 mg/kg body weight, intraperi-
toneal injection, twice a week (the first day and the fourth
day). The modified S]Z group treatment was 45 g/kg body
weight, intragastric administration, twice a day.

Another forty Balb/c nude mice without tumor were
prepared and randomly divided into control group,
1-week treatment group, 2-week treatment group, 3-week
treatment group and 3-week half-dose treatment group.
The modified SJZ treatment was give 45 g/kg mouse body
weight, intragastric administration, twice a day, while half
dose was once a day.

Tumor imaging

Imaging was conducted according to previous literature
[16]. Briefly, at the day of sacrifice, animals were eutha-
nized according to NIH ARAC guidelines for euthanasia
of rodents using carbon dioxide. Mice were euthanized
by trained personnel via source of compressed gas in
their home cage. After checking each mouse for lack of
respiration and faded eye color, we confirmed their
death. CO2 flow was maintained for a minute after
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respiration ceases. No anesthesia was used during the
euthanasia.

All the mice were anatomically analyzed and images
were acquired by a fluorescence stereo-microscope (model
MZ650, Manjing Optic Instrument Inc., China) equipped
with a D510 long-pass emission filter (Chroma Technol-
ogy, Brattleboro, VT, USA) and a cooled color charge
-coupled device camera (Qimaging, BC, Canada). Images
were processed and analyzed by Image Pro plus 6.0
software (Media Cybernetics, Silver Spring, MD, USA).

Animal plasma collection for cytokines arrays

Peripheral blood was collected from each mouse in the
modified SJZ group and the control group at the time of
sacrifice. Plasmas within the same group were pooled
and tested by plasma cytokines analysis (Raybiotech,
QAM-CYT-5) [17].

Flow cytometry analysis of macrophages in mice treated
with different time and dose of modified SJZ

At the end of experiment of mice without tumor, periph-
eral blood cells and spleen cells were collected and
detected by flow cytometry. We used CD45, CD11b and
F4/80 to identify macrophage cells and used CD45,
CD11b and Ly-6G to identify neutrophils cells.

Statistical analysis

Results were shown as mean + standard error of mean,
and statistical comparisons were made using one-way
ANOVA, student’s ¢ test or chi-square test. Significance
was defined as P-value < 0.05.
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Results

Modified SJZ increases the survival in the CRC mouse
model

We first examined the influence of modified SJZ on the
survival rate of the nude mice. After three weeks of
treatment, the average body weight decreased in all four
groups (Fig. 1a). However, there was no statistically sig-
nificant difference among the four groups at the time
points before or after treatment. The survival rate was
66.7% (8/12) in 5-Fu group while 91.7% (11/12) in modi-
fied SJZ group (p = 0.047) (Fig. 1b). No mice died under
the combined treatment. It indicates that the TCM may
have effects on the vital organic system of the body, and
therefore can increase survival.

Modified SJZ decreased colon cancer liver metastasis in
nude mouse model

After three weeks of treatment, the situation of colon
cancer liver metastasis was examined by a fluorescence
optical imaging system. As shown in Fig. 2, the green
clusters indicate tumor tissues. Strict standard was
adopted to decide if metastasis did not occur in a
mouse, that is, there is no single green dot in the cap-
tured liver picture. When taking modified SJZ, metasta-
sis rate dropped, from 90.9% (10/11, control group) to
44.4% (4/9, modified SJZ group), further to 30.0% (3/10,
combined group), the latter two both having statistical
differences against the control group (Table 1).

Modified SJZ elevated GM-CSF expression in the
peripheral blood of nude mice

Due to not reaching the necessary consuming volume of
plasma by every single mouse, we pooled plasma within
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Fig. 2 Representative images of colon cancer liver metastasis in different groups. a-d: Images of mice anatomy showing inner organs. The arrows
pointing down indicated the transplanted tumor in the spleen. e-h: Images of mice livers and the arrows pointing left indicated the metastasis
tumors. a, e: G1-Control group (normal saline, intragastric administration twice a day for 3 weeks); b, f: G2-5-Fu group (15 mg/kg intraperitoneal
injection twice a week for 3 weeks); ¢, g: G3-MSJZ group (45 g/kg intragastric administration twice a day for 3 weeks); d, h: G4-Combined group
(15 mg/kg 5-Fu, intraperitoneal injection twice a week and 45 g/kg MSJZ, intragastric administration twice a day for 3 weeks). 5-Fu: 5- fluorouracil;
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the same group for cytokines analysis. Among the cyto-
kines, the level of GM-CSF increased in the treatment
group (signal value 8489.14 vs. 4079.35). Besides, IFN-y,
IL-1a, and IL-3 increased (Table 2).

Modified SJZ increased the macrophage cells but not
neutrophils in mice spleen

At the end of experiment, we investigated changes of
macrophage cells in mice peripheral blood and spleen by
flow cytometry. Macrophage cells increased in number
under 3-week treatment, compared to the control group,
especially in the spleen (P <0.05). However, it is notice-
able that the 3-week half-dose treatment could not
increase macrophage cell number effectively. On the
other hand, treatment time less than three weeks has
little effect on macrophage cells (Figs. 3 and 4). When it
comes to neutrophils, no significant difference was ob-
served among the groups (Fig. 5). It suggests that three

Table 1 Modified SJZ's inhibitory effect on colon cancer liver

metastasis
Group Total® Non-MP MP Metastasis rate P value
(v.s. control)
G1 (control) 11 1 10 90.9% -
G2 (5-Fu) 7 2 5 71.4% 0528
G3 (modified SJ2) 9 5 4 444% 0.024"
G4 (Combined) 10 7 3 300% 0.004"

weeks and full dose of modified SJZ treatment is neces-
sary for macrophage cell proliferation.

Discussion
In China, TCM plays a vital role in cancer prevention
and treatment [18]. Recently, TCM has been commonly
used as a supplementary therapy in the whole course in-
stead of only the terminal stage of cancer [19]. TCM is
known as a powerful tool to regulate human body’s im-
mune system to maintain homeostasis based on ancient
Chinese medicine theory [20, 21].

In this study, we found that modified SJZ was able to
inhibit colon cancer liver metastasis. Modified SJZ could
raise the survival rate after three weeks of treatment,

Table 2 Changes of cytokines in mice plasma after modified
SJZ treatment (more than two folds)

Cytokines Control Modified SJZ Modified SJZ/Control
GM-CSF 407935 8489.14 208
y-IFN 6310.08 18,083.53 287
IL-1a 6312.31 12,652.31 2.00
IL-3 6329.8 15,174.82 240
IL-6 6046.64 14,167.83 234
IL-13 1787.22 3723.88 2.08
IL-17 6034.67 13,062.02 2.16
TARC 127737 2990.54 234

*Those who have tumor in neither spleen nor liver were excluded
*P < 0.05 compared to control by chi-square test
Pnon-M:non-metastasis; M: metastasis

Data are expressed as fluorescence signal intensity. SJZ: Si-Jun-Zi Decoction.
Modified SJZ/Control represents the ratio of fluorescence signal intensity of
modified SJZ group to that of control group
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(half-dose)

alone or combined with 5-Fu treatment. Furthermore,
TCM exerts its influence on innate immune system and
enhanced certain plasma cytokines such as GM-CSF,
IFN-y, IL-1a and IL-3. When we carefully explored the
time- and dose-response of the modified SJZ, we used
the same time frame with the intrasplenic transplant of
tumor cells in nude mice. Routinely, we examined 3 time
points (1 week, 2weeks and 3 weeks) and a half-dose

group. Flow cytometry showed that the macrophage pro-
portions were positively correlated to an increasing herb
dose and treatment time.

At the beginning, we planned to use the orthotropic
colon cancer mouse model, which would require us to
transplant the colon cancer cells or tissues onto the colon
surface to observe cancer metastasis by green fluorescence
from cancer cells. In fact, the major shortcoming was that
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we could not easily exclude cancer cell contamination
during the transplantation operation. However, liver me-
tastasis mice model with spleen injected of colon cancer
cells avoids the risk of cancer cell contamination because
liver does not need to be touched. This model could partly
mimic the clinic process of colon cancer. Meanwhile,
fluorescence imaging provides us more sensitivity.

In our experiment, results showed that modified SJZ
could increase GM-CSF in mice plasma. GM-CSF has
been known as a powerful colony-stimulating factor
which can stimulate proliferation of granulocyte and
macrophage. Therefore, we focused on the innate im-
mune system. Neutrophils are a kind of phagocyte in
blood. At the initial stage of bacterial infection or some
cases of cancer, they are one of the first responders mi-
grating to inflammation sites [22, 23]. Macrophage cells
also play a critical role in nonspecific defense because
they can engulf and digest cellular debris, cancer cells,
foreign substances and anything else that does not have
certain types of surface proteins specific to healthy body
cells. In this study, macrophage cell number elevation
indicates that mice bodies have more capability to de-
fend against cancer cells.

TCM has been reported to enhance the immune system.
SJZ is a well-known formula that can modify immunity in
humans. Tseng et al. found that GM-CSF secretion was
significantly augmented when human peripheral blood
monocytes were treated in vitro with 8 mg/ml SJZ for
18 h [8]. Huangqi injection, extracted from Astragali
Radix, increased body weight and elevated white blood
cell, monocyte, neutrophil, and lymphocyte levels of
cyclophosphamide-treated mice [24]. Wang et al. also
reported that the Shenqi Fuzheng Injection, composed of
Radix Codonopsis and Astragali Radix and commonly
used in TCM, improves immune function against chronic
diseases. The injection treatment could accelerate spleen
recovery index, peripheral white blood cell and bone mar-
row cell counts, enhance T cell and B cell proliferation re-
sponses, splenic nature killer cell activity and peritoneal

macrophage phagocytosis in a dose-dependent man-
ner [25]. Liu et al. found that the extract of Codo-
nopsis pilosula maintained with sulfur fumigation
could significantly increase white blood cell count
and macrophage phagocytosis [26]. Another well-known
TCM formula, Fufang ejiao jiang, contains Radix Codo-
nopsis pilosulae as one main ingredient. It was also re-
ported to function in increasing the number of peripheral
blood cells and bone marrow nucleated cells. It could
increase GM-CSF and IL-3 level, and reduce TGF-p3 level
in serum [27].

In this research, macrophages in the spleen of the
modified SJZ group were elevated, indicating that
the innate immune was activated by modified SJZ.
Therefore, the promotion of macrophages may be a
potential mechanism by which modified SJZ de-
creases the colon cancer liver metastasis rate. How-
ever, a significantly enhanced level of macrophage
cells in the blood was not observed in the 3-week
treatment compared to the control (15.85% +2.82%
vs. 11.74% + 1.53%, P=0.21). One possible reason
was that the macrophages may stay a steady status
in blood while the spleen is a macrophage reservoir;
another possible reason is that the increased macro-
phages were consumed by those detached cancer
cells, which led to an overall no elevation. Neverthe-
less, more research is needed to investigate how
modified SJZ activates the immune system, and to
elucidate the functions of neutrophils and macro-
phages in the liver metastasis process of colon can-
cer. Administration time of modified SJZ also requires
further research. Furthermore, TCM is thought to have
multiple targets against CRC. Besides the immune system,
it is worth exploring other targets involved in CRC liver
metastasis.

Conclusions
According the above results, modified SJZ was found
to exert an inhibitory effect on colon cancer liver
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metastasis in vivo, alone or combined with 5-Fu. The
potential mechanism may lie on its stimulation of cy-
tokines such as GM-CSF to increase the number of
macrophages in the spleen, and to clear colon cancer
cells in the vascular system in time. This finding indi-
cates that the TCM may target the innate immune
system among its multiple targets.
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5-Fu: 5- fluorouracil; CRC: Colorectal cancer; GFP: Green fluorescent protein;
GM-CSF: Granulocyte-macrophage colony-stimulating factor; SJZ: Si-Jun-Zi
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