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Abstract
Background: Most cases of gastric cancer (GC), which is one of the most common cancers in China, are
diagnosed at an advanced stage. The �rst-line treatments for GC include 5-�uoropyrimidine (5-FU)-based
chemotherapy. However, the cancer cells may develop 5-FU resistance. The inhibition of angiogenesis can
be an alternative therapeutic strategy for GC. Recent studies have demonstrated that TIE2-expressing
monocytes/macrophages (TEMs), a subtype of tumor-associated macrophages (TAMs), exhibit profound
pro-angiogenic activity. The herbs used in traditional Chinese medicine can be a potential source of anti-
cancer agents and can improve the therapeutic e�cacy of chemotherapy drugs. In this study, the role of
TEMs in the synergistic anti-cancer effects of Fu-Zheng-Jie-Du ointment (FZJD) and 5-FU was evaluated.

Methods: The migration of TEMs was evaluated using the transwell assay. Tube formation assay and
quantitative real-time polymerase chain reaction analysis were used to determine the pro-angiogenic
activity of TEMs. Tumor-bearing mouse model and immunohisto�uorescence stain were used to evaluate
the anti-tumor effect of FZJD and the underlying mechanism.

Results: FZJD inhibited the migration and pro-angiogenic activity of TEMs. Additionally, tumor growth in
the mice co-treated with FZJD and 5-FU was lower than that in the mice treated with FZJD or 5-FU.
Immunohisto�uorescence stain revealed that the migration of TEMs was not inhibited upon treatment
with FZJD alone or in combination with 5-FU. Moreover, treatment with FZJD did not decrease the
endothelial cell population. In contrast, the treatment combination of FZJD and 5-FU markedly decreased
the endothelial cell population.

Conclusions: FZJD improves the anti-cancer e�cacy of 5-FU through the inhibition of TEM-mediated
angiogenesis.

Background
In China, gastric cancer (GC) is the third most common cancer and accounts for 13.6% of cancer-related
death in 2018 [1]. Most GC cases are diagnosed at an advanced stage, which has limited therapeutic
interventions. Hence, patients with GC exhibit a poor �ve-year survival rate [2]. Chemotherapy is the corner
stone for the systemic treatment of cancer. The �rst-line treatments for GC include 5-�uoropyrimidine (5-
FU)-based chemotherapy [3]. However, the development of 5-FU resistance in the cancer cells is the major
limiting factor for improving the overall survival (OS) of patients with GC.

Anti-angiogenesis therapy represents an important strategy for GC. Various studies have demonstrated
that the tumor-associated macrophages (TAMs) play essential role in tumor angiogenesis [4]. De Palma
et al. reported that TIE-2-expressing monocytes/macrophages (TEMs), which are a subtype of TAMs,
exhibited profound pro-angiogenic activity [5]. The selective depletion of TEMs markedly inhibited
angiogenesis in the mouse tumor model. Additionally, the vascularization in mice co-injected with TEMs
and tumor cells was higher than that in mice co-injected with TIE-2− TAMs and tumor cells. TEMs have
been detected in various solid tumors [6-8]. In patients with GC, the proportion of TEMs in the tumor
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increases with tumor grade and the increased proportion of TEMs is correlated with enhanced cancer
recurrence rate and poor prognosis [9]. This indicated that TEMs are a promising therapeutic target for
GC.

Angiopoietins (ANGs) are the speci�c ligands that bind and activate TIE-2 [10]. ANG-2, which is
upregulated in various tumor types, recruits TEMs from the circulation to the tumor mass [11-13].
Pretreatment with ANG-2 upregulates the expression of vascular-promoting genes, such as VEGFA,
MMP9, and COX2 in the TEMs [14].

In China, Fu-Zheng-Jie-Du ointment (FZJD) is orally administered to treat GC. Previous study
demonstrated that FZJD exert anti-tumor effect by re-polarizing M2 type TAMs to M1 [15]. This study
aimed to evaluate the role of TEMs in the synergistic anti-cancer effects of FZJD and 5-FU. The �ndings
of this study indicated that FZJD inhibited tumor growth and improved the anti-cancer e�cacy of 5-FU by
inhibiting TEMs-mediated angiogenesis.

Methods
Preparation and phytochemical analysis of FZJD

FZJD comprises the following eight herbal plants: Hedysarum multijugum Maxim. (Huang-Qi), Fallopia
multi�ora (Thunberg) Harald (He-Shou-Wu), Bistortae Rhizoma (Cao-He-Che), Actinidia arguta (Siebold &
Zucc.) Planch. ex Miq. B (Teng-Li-Gen), Smilacis Glabrae Rhizoma (Tu-Fu-Ling), Codonopsis Radix (Dang-
Shen), Fructus Lycii (Gou-Qi), and Atractylodes macrocephala Koidz (Bai-Zhu) in the ratio 2:1:1:1:1:1:1:1.
FZJD ointment was provided by the Pharmaceutical Preparation Center of Guang’anmen Hospital, China
Academy of Chinese Medical Sciences. Bai-Zhu was soaked in water for 24 h. Next, the mixture was
subjected to steam distillation in another container and obtained 450 mL distillate. The residue was
boiled with water for 1 h and the decoction was mixed with 450 mL of distillate. The other herbs were
decocted twice with water for 1 h each. The decoction from the two steps was mixed and �ltered. The
�ltrates obtained from Bai-Zhu and other herbs were mixed and the mixture was concentrated through
evaporation under reduced pressure to obtain the �nal ointment (relative density of 1.20-1.25 g/cm3 at 50
°C). The chemical constituents of FZJD ointment were analyzed using high-performance liquid
chromatography (HPLC). The test solution was prepared by dissolving FZJD ointment in methanol. HPLC
analysis was performed in an Agilent 1200 HPLC (DAD) system equipped with a C18 analytical column
(250 × 4.6 mm, 5 μm). The mobile phase for gradient elution comprised acetonitrile and water. The
following standards were used for quality control: calycosin-7-glucoside and astragaloside IV (H.
multijugum Maxim); rhein, emodin, physcion, and 2,3,5,4′ tetrahydroxystilbene 2-O-β-D glucoside (F.
multi�ora); gallic acid (Bistortae Rhizoma); epicatechin (A. arguta); astilbin (Smilacis Glabrae Rhizoma);
lobetyolin (Codonopsis Radix); betaine (Fructus Lycii); atractylenolide I, II, and III (Atractylodes
macrocephala); fructose, glucose, and sucrose (saccharides). All standards were purchased from the
National Institutes for Food and Drug Control (Beijing, China).
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Animals

Male 615 mice (aged 4–6 weeks; weighing 18–20 g) and male Sprague-Dawley (SD) rats (aged 4–6
weeks; weighing 190–200 g) were purchased from the Vital River Company (Beijing, China). All animals
were housed in a temperature and humidity-controlled facility. The animals had free access to food and
water. All animal experiments were performed according to the Guidelines for the Care and Use of
Laboratory Animals, Ministry of Science and Technology, China. This study was approved by the Ethical
Committee of Guang’anmen Hospital, China Academy of Chinese Medical Sciences, Beijing (IACUC-
GAMH-2020-006).

Cell culture

The murine GC cell lines, mouse forestomach carcinoma cell (MFC) and mouse aorta endothelial cell
(MAEC) were purchased from the Institute of Basic Medical Science Chinese Academy of Medical
Science (Beijing, China). MFCs and MAECs were cultured in Dulbecco’s modi�ed Eagle medium (DMEM)
medium supplemented with 10% fetal bovine serum, 100 U/mL penicillin, and 100 g/mL streptomycin (all
from Thermo Fisher Scienti�c, Waltham, MA, USA). All cells were maintained at 37 °C and 5% CO2 in a
humidi�ed chamber.

Establishment of a tumor-bearing mouse model and drug administration

The mice were allowed to acclimatize for one week. The MFCs (2×105 in 0.2 mL) were injected into the
right axilla of 615 mice. The animals randomly divided into the following four groups (n=10/group) were
treated with the test agents the next day: Control group, administered with phosphate-buffered saline
(PBS) by oral gavage (OG; 0.2 mL/day) and intraperitoneally injected with PBS (0.1 mL for thrice a week);
5-FU group, administered with PBS by OG (0.2 mL/day) and intraperitoneally injected with 5-FU (20
mg/kg bodyweight, thrice a week); FZJD group, administered with FZJD (0.625 g/mL) by OG (0.2
mL/day) and intraperitoneally injected with PBS (0.1 mL; thrice a week); FZJD+5-FU, administered with
both FZJD and 5-FU following the treatment protocols of FZJD and 5-FU groups. The treatment period for
all groups was two weeks. The mice were sacri�ced by cervical dislocation on the day after the �nal drug
administration. The tumor tissues were excised and weighed.

Preparation of FZJD-containing serum

The SD rats were randomly divided into the following two groups: blank serum group, administered with
saline; FZJD serum group, administered with FZJD (0.4375 g/mL) by OG (2 mL; twice a day for �ve
consecutive days). The animals had free access to food and water until 12 h before blood collection. All
rats were anesthetized by intraperitoneal injection of 1% pentobarbital sodium. The blood samples
collected from the abdominal aorta at 1 h post-�nal OG administration under sterile conditions were
incubated at room temperature for 4 h and centrifuged at 3000 rpm for 15 min. The serum samples of the
same group were mixed well and heat-inactivated in a water bath at 56 °C for 30 min. Next, the serum
sample was �ltered through a 0.22-µm membrane �lter and stored at −80 °C.
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Identi�cation and sorting of TEMs

The bone marrow-derived macrophages (BMDMs) were isolated from the tumor-bearing mice (tumor-
bearing group, TB) and wild-type mice (normal group, NR). The MFC-bearing mouse model was
established as described previously. After 2 weeks, the mice were sacri�ced. The mouse skin was
disinfected for 5 min using 75% ethanol. BMDM isolation was performed as previously described with
minor modi�cations [16]. Femurs and tibias were excised from the mice under sterile conditions and the
muscle tissues were removed carefully. The bone ends were cut and the marrow was �ushed out using a
syringe �lled with DMEM into a small Petri dish. The supernatant was collected from the Petri dish and
�ltered through a 75-µm membrane �lter into 15-mL tubes. The samples were centrifuged at 1000 rpm
and 4 ℃ for 10 min. The supernatant was discarded and the pellet was incubated with 10 mL of red
blood cell lysis buffer for 30 s. Next, the pellet was resuspended in 10 mL of complete medium. The
mixture was centrifuged at 1000 rpm for 5 min. The supernatant was removed and the pellet was
resuspended in culture medium supplemented with 50 ng/mL macrophage colony-stimulating factor (M-
CSF) (RD systems, Minneapolis, MN, USA) and cultured for 72 h. For �ow cytometric analysis and cell
sorting, the BMDMs were blocked with the whole IgG for 15 min at 4 °C. The samples were
immunostained with anti-CD45 (�uorescein isothiocyanate (FITC)-conjugated clone 30-F11) (Thermo
Fisher Scienti�c, Waltham, MA, USA), anti-F4/80 (allophycocyanin (APC)-conjugated clone BM8), anti-
CD11b (APC/Cyanine7-conjugated clone M1/70), and anti-CD202b (TIE2) (phycoerythyrin (PE)-
conjugated clone TEK4) (all from BioLegend, San Diego, CA, USA). Flow cytometry analysis was
performed using the Aria III �ow cytometer.

Cell migration assay

Cell migration assay was performed using the Transwell plates with a pore size of 8 µm (Corning,
Cambridge, NY, USA). The TEMs (2×105) were seeded into the upper chamber. The bottom chamber was
�lled with the following three culture media supplemented with 300 ng/mL ANG-2 (R&D systems,
Minneapolis, MN, USA) which divided into the following three groups: the control medium group (CM); the
blank serum-supplemented medium group (BSM), supplemented 10% serum derived from SD rats
belonging to the blank serum group; the FZJD serum-supplemented medium group (FSM), supplemented
10% serum derived from SD rats belonging to the FZJD group. After 24 h, the cells in the membrane were
�xed, stained, and counted using light microscopy.

Tube formation assay

Brie�y, Matrigel (BD Bioscience, San Diego, CA, USA) was added to the 24-well plates after thawing
overnight. All plates were incubated at 4 °C for 30 min and 37 °C for 30 min to allow gel polymerization.
The TEMs (2×105/well) and MAECs (5×104/well) were seeded on the gel. The cells were then incubated in
CM, BSM and FSM (containing 200 ng/mL ANG-2) for 6 h. Then stained with Calcein-AM (Solarbio,
Beijing, China), and the number of capillary-like structures was counted using a �uorescence microscope.

Quantitative real-time polymerase chain reaction (qRT-PCR) analysis
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The TEMs (2×105/well) were seeded in CM, BSM and FSM (containing 200 ng/mL ANG-2) for 30 min.
Total RNA was extracted from the cells using TRIzol reagent (TIANGEN, Beijing, China), following the
manufacturer’s instructions. The concentration and purity of the RNA were determined using a ultraviolet
(UV) spectrophotometer. The extracted RNA was reverse-transcribed into cDNA using the PrimeScript™ RT
reagent kit with gDNA Eraser (TaKaRa, Tokyo, Japan). The primers used for qRT-PCR analysis are listed in
Table 1. The expression levels of target genes were normalized to those of Gapdh. The fold changes in
gene expression were calculated using the 2-ΔΔCt method.

 

Table 1 Primers used for qRT-PCR

Primer name Primer sequence

Vegfa  

 Forward 5′-ACACATTGTTGGAAGAAGCAGCCC-3′

 Reverse 5′-AGGAAGGTCAACCACTCACACACA-3′

Mmp9  

 Forward 5′-TGGGGGTTAGGGACAGAAAT-3′

 Reverse 5′-GAACAATAACGCACAGACCC-3′

Cox2  

 Forward 5′-CCAGAGCAGAGAGATGAAA-3′

 Reverse 5′-GGTACAGTTCCATGACATC-3′

Gapdh  

 Forward 5′-TTCCTACCCCCAATGTATCCG-3′

 Reverse 5′-CCACCCTGTTGCTGTAGCCATA-3′

 

Immunohisto�uorescence (IHF) staining

IHF staining was performed using the 10-µm thick paraformaldehyde-�xed tumor tissue sections. The
sections were incubated with anti-TIE2 (rabbit anti-mouse, ab95722, 1:50; Abcam, Cambridge, UK) and
anti-CD31 (goat anti-mouse, AF3628-SP, 1:100) (R&D Systems, Minneapolis, MN, USA) primary
antibodies. Next, the sections were incubated with Alexa Fluor 488-conjugated goat anti-rabbit (A-11008)
and Alexa Fluor 555-conjugated donkey anti-goat antibodies (A-21432) (Thermo Fisher Scienti�c,
Waltham, MA, USA). The nuclei were stained with 4′,6-diamidino-2-phenylindole. Images were captured
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using a NIKON TE-2000U inverted �uorescence microscope. All images were processed identically using
Adobe Photoshop CC2019 software.

Statistical analysis

All statistical analyses were performed using SPSS 18.0. The data are presented as mean ± standard
deviation. One-way analysis of variance (ANOVA) was used for multiple comparisons. Student’s t test
was for analyzing unpaired data. The differences were considered signi�cant at P < 0.05.

Results
Composition of the FZJD preparation

As shown in Table 2 (see in the below of this article), sixteen bioactive components were identi�ed in the
eight herbs of FZJD. The concentration of each bioactive component ranged from 0.001 mg/g to 91.56
mg/g. Saccharides were the predominant component of FZJD. Additionally, FZJD contained high
amounts of gallic acid, 2,3,5,4′ tetrahydroxystilbene 2-O-β-D glucoside, betaine, and calycosin-7-glucoside.

Table 2 The effective ingredients in FZJD ointment (n=3)
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Herbs/Saccharides Chemical constituents Chemical
formula

Content (mg/g) =(mean
± standard deviation)

Hedysarum multijugum
Maxim

calycosin-7-glucoside C22H22O10 0.23 ± 0.0015

astragaloside IV C41H68O14 /

Fallopia multi�ora
(Thunberg) Harald

Rhein C15H8O6 0.0012 ± 0.00

emodin C15H10O5 0.03 ± 0.0003

physcion C16H12O5 0.01 ± 0.0002

2,3,5,4 ′
tetrahydroxystilbene 2-O-
β-D glucoside

C20H22O9 0.73 ± 0.0161

Bistortae Rhizoma gallic acid C7H6O5 0.81 ± 0.0064

Actinidia arguta (Siebold &
Zucc,) Planch. ex Miq.B

epicatechin C15H14O6 0.05 ± 0.0025

Smilacis Glabrae Rhizoma astilbin C21H22O11 0.12 ± 0.0018

Codonopsis Radix lobetyolin C20H28O8 0.07 ± 0.0014

Fructus Lycii betaine C5H11NO2 0.06 ± 0.0477

Atractylodes macrocephala
Koidz

atractylenolide C15H18O2 0.001± 0.00

atractylenolide C15H20O2 0.0089 ± 0.0003

atractylenolide C15H20O3 0.0093 ± 0.0001

Saccharides fructose C6H12O6 91.56 ± 1.25

glucose C6H12O6 57.85 ± 0.45

sucrose C12H22O11 74.67 ± 0.76

BMDMs from tumor-bearing mice comprised a high proportion of TEMs

Forget et al. reported that M-CSF promotes TIE2 expression in the monocytes [17]. The BMDMs isolated
from different groups of mice were subjected to �ow cytometric analysis. The sequential gating strategy
for TEMs enumeration is presented in Figure 1a. At baseline, there was no signi�cant difference in the
proportion of CD45+F4/80+CD11b+ BMDMs between NR and TB. The percentage of
CD45+F4/80+CD11b+CD202b+ TEMs in the TB (35.82 ± 6.4%) was signi�cantly higher than that in the NR

https://pubchem.ncbi.nlm.nih.gov/search/#query=C22H22O10
https://pubchem.ncbi.nlm.nih.gov/search/#query=C41H68O14
https://pubchem.ncbi.nlm.nih.gov/search/#query=C15H8O6
https://pubchem.ncbi.nlm.nih.gov/search/#query=C15H10O5
https://pubchem.ncbi.nlm.nih.gov/search/#query=C16H12O5
https://pubchem.ncbi.nlm.nih.gov/search/#query=C20H22O9
https://pubchem.ncbi.nlm.nih.gov/search/#query=C7H6O5
https://pubchem.ncbi.nlm.nih.gov/search/#query=C6H12O6
https://pubchem.ncbi.nlm.nih.gov/search/#query=C21H22O11
https://pubchem.ncbi.nlm.nih.gov/search/#query=C20H28O8
https://pubchem.ncbi.nlm.nih.gov/search/#query=C5H11NO2
https://pubchem.ncbi.nlm.nih.gov/search/#query=C15H18O2
https://pubchem.ncbi.nlm.nih.gov/search/#query=C15H20O2
https://pubchem.ncbi.nlm.nih.gov/search/#query=C15H20O3
https://pubchem.ncbi.nlm.nih.gov/search/#query=C6H12O6
https://pubchem.ncbi.nlm.nih.gov/search/#query=C6H12O6
https://pubchem.ncbi.nlm.nih.gov/search/#query=C12H22O11
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(9.34 ± 0.34%) (P < 0.0001) (Figure 1b). The TEMs were sorted from the BMDMs of the TB for further
experiments.

FZJD inhibits the migration of TEMs in vitro

The effect of FZJD on the migration of TEMs was examined. As shown in Figures 2 a and b, the
migration of TEMs in FSM (73.7 ± 5.5) was signi�cantly lower than that in CM (110 ± 12) (P < 0.0001).
The migration of TEMs was not signi�cantly different between BSM and CM (99 ± 8) (P > 0.05). These
�ndings indicated that FZJD inhibits the migration of TEMs in vitro.

FZJD inhibits the pro-angiogenic activity of TEMs in vitro

Next, the effect of FZJD on the pro-angiogenic activity of TEMs was examined. As shown in Figures 3 a
and b, the number of capillary-like structures in FSM (15.6 ± 2.6) was signi�cantly lower than that in CM
(24.2 ± 3.7) (P < 0.001). In contrast, the number of capillary-like structures was not signi�cantly different
BSM (22.2 ± 3.42) and CM (P > 0.05). The qRT-PCR analysis revealed that the mRNA levels of Vegfa,
Mmp9, and Cox2 in the FSM were signi�cantly downregulated when compared with those in the CM. In
contrast, the mRNA levels of Vegfa, Mmp9, and Cox2 were not signi�cantly different between BSM and
CM (Figure 3c). These �ndings indicate that FZJD inhibits the pro-angiogenic activity of TEMs in vitro.

FZJD enhances the therapeutic e�cacy of 5-FU by inhibiting TEM-mediated angiogenesis in vivo

The anti-tumor activity of FZJD was examined using the tumor-bearing mouse model. As shown in
Figures 4 a and b, the average weight of tumors excised from the control group (1.32 ± 0.24 g) was
signi�cantly higher than that of tumors excised from the FZJD (0.87 ± 0.28 g; P < 0.01) and 5-FU groups
(0.73 ± 0.20 g; P < 0.0001). Compared with that in the FZJD (P < 0.01) and 5-FU (P < 0.05) groups, the
tumor growth was signi�cantly lower in the FZJD+5-FU group.

 TEMs are preferentially localized in the perivascular region of the tumor tissues to facilitate tumor
angiogenesis [18]. The tumor sections were immunostained with anti-TIE-2 and anti-CD31 antibodies,
which enables the identi�cation of TEMs and endothelial cells (ECs), respectively, to evaluate the role of
TEMs in the anti-tumor activity of FZJD. As shown in Figure 4 c, there was no signi�cant difference in the
number of in�ltrated TEMs between the control, 5-FU, FZJD, and FZJD+5-FU groups (P > 0.05). The FZJD
group did not exhibit a decreased EC population. In contrast, the EC population in FZJD+5-FU group was
signi�cantly smaller than that in the control, 5-FU, and FZJD groups (P < 0.0001) (Figure 4 d). This
suggested that FZJD alone does not inhibit the migration and pro-angiogenic activity of TEMs in vivo but
suppressed angiogenesis in combination with 5-FU. Thus, FZJD improved the therapeutic e�cacy of 5-FU
by inhibiting TEM-mediated angiogenesis.

Discussion
In 1971, Folkman �rst highlighted the signi�cance of vasculature in solid tumor growth [19]. TEMs, which
are considerate as the most pro-angiogenic subtypes of TAMs[20], provide therapeutic opportunity for GC.
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The strategies for targeting TEMs have been reviewed elsewhere [21], including selectively disrupts the
interaction between ANG-2 and TIE-2. For example, AMG 386 is a peptide that prevents the binding of
ANG-1 and ANG-2 to TIE-2 [22]. In a Phase I clinical trial [23], treatment with the combination of AMG 386
and chemotherapy drugs exhibited promising anti-tumor activity against advanced solid tumors.
However, the progression-free survival (PFS) and objective response rate (ORR) of patients with advanced
GC treated with the combination of AMG 386, cisplatin, and capecitabine were similar to those of the
placebo group in a Phase II clinical trial [24]. According to TRINOVA-3, AMG 386 plus carboplatin and
paclitaxel did not improve PFS in advanced ovarian cancer patients as �rst-line treatment [25]. Various
challenges remained to be addressed for clinical application of these strategies. Hence, there is a need to
develop complementary and alternative strategies. The anti-tumor effect of herbs used in traditional
Chinese medicine (TCM) is mediated through various mechanisms, including modulation of the tumor
microenvironment (TME) [26]. The herbs used in TCM are also reported to regulate TAMs [27-29].
However, there are limited studies on the effect of TCM herbs on TEMs.

Previous studies have isolated TEMs from the peripheral blood and/or tumor tissues of mice [17, 30]. In
this, the TEMs were obtained by culturing the BMDMs in M-CSF-supplemented medium. M-CSF is
essential for myeloid cell growth, survival, and differentiation [31]. The �ow cytometric analysis revealed
that the differentiation of BMDMs into TEMs in tumor-bearing mice was higher than that in wild-type
mice. It is estimated that there are approximately 60 × 106 bone marrow cells in each mouse from which
30 × 106 BMDMs are generated [32]. The method established in this study enables the isolation of a large
number of TEMs. In this study, FZJD inhibited the migration and pro-angiogenic activity of TEMs in vitro.
However, FZJD did not decrease the number of TEMs and ECs in the tumor tissues. The treatment
combination of FZJD and 5-FU did not inhibit the accumulation of TEMs in the tumor tissues. However,
the number of ECs was signi�cantly low in the tumor tissues of the FZJD+5-FU group, which suggested
that FZJD enhanced the therapeutic e�cacy of 5-FU through the regulation of TEMs.

There were several limitations in our present study. At �rst, we did not explore the effect of FZJD to
hypoxia in tumor as hypoxia may explain the inconsistent �ndings between our in vitro and in vivo
results. Hypoxia is a myeloid cell recruiting signal and reported to promote TIE-2 receptor expression in
the myeloid cells [33]. Chen et al. demonstrated that TIE-2 expression was markedly upregulated in the
mouse circulatory CD11b+Ly6C+ cells under hypoxic conditions in vitro [34]. Additionally, treatment with
doxorubicin signi�cantly upregulated HIF-1α expression in the tumor tissues. HIF-1α promoted the
recruitment of TIE-2-expressing CD11b+Ly6C+ cells to the tumors, which enhanced vascular regrowth and
tumor relapse. Moreover, ANG-2 is the target gene of HIF-1α [35]. Thus, it can be speculated that FZJD
regulates the function of TEMs through the attenuation of 5-FU-induced hypoxia. Several studies have
reported a correlation between FZJD components and hypoxia. Kim et al. demonstrated that betaine, a
phytochemical component of FZJD, attenuated VEGF and HIF-1α expression through the suppression of
the AKT pathway [36]. Rhein, another phytochemical component of FZJD, inhibits VEGF and HIF-1α
expression in the human breast cells under normoxic or hypoxic conditions [37]. Another shortcoming of
our work is that we did not investigate the effect of FZJD to the downstream signal pathways of
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Ang2/Tie2, such as PI3K/AKT pathway[38]. Further studies are needed to elucidate the mechanism
underlying the anti-cancer activity of FZJD.

Conclusions
This study presented a new method to obtain TEMs from mice. The synergistic therapeutic effect of
FZJD and 5-FU may be related to the inhibition of TEM-mediated angiogenesis.
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Figure 1

High proportion of TEMs was detected in the BMDMs derived from tumor-bearing mice. Percentage of
CD45+F4/80+CD11b+CD202b+ TEMs in the BMDMs derived from TB and NR. (a) The sequential gating
strategy for TEM enumeration. (b) The quanti�cation of the proportion of TEMs in the BMDMs. ***P <
0.0001; TB group vs. NR group (n=6).
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Figure 2

FZJD inhibits the migration of TEMs. The effect of FZJD on the migration of TEMs was examined using
the Transwell assay. (a) The cells in each group were �xed and imaged. The number of migrated cells
counted in �ve random �elds of each well was averaged (n=6). (b) Quanti�cation of the migration assay
results. ***P < 0.0001, FSM vs. CM; #P > 0.05, BSM vs. CM. Three independent experiments were
performed.



Page 19/21

Figure 3

FZJD inhibits the pro-angiogenic activity of TEMs. The effect of FZJD on the pro-angiogenic activity of
TEMs was evaluated using the tube formation and qRT-PCR assays. (a) TEMs and MAECs were co-
cultured on the gel for 6 h, stained, and imaged. The number of capillary-like structures in �ve random
�elds of each well was averaged (n=6). Scale bar, 50 µm. (b) Quanti�cation of the tube formation assay
results. **P < 0.01, FSM vs. BSM; #P > 0.05, BSM vs. CM. (c) Quanti�cation of the qRT-PCR assays
results. ***P < 0.0001, FSM vs. CM; **P < 0.01, FSM vs. BSM; #P > 0.05, BSM vs. CM. Three independent
experiments were performed.
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Figure 4

FZJD improves the therapeutic effect of 5-FU by inhibiting TEMs-mediated angiogenesis. To investigate
the effect of FZJD on the pro-angiogenic activity of TEMs in vivo, MFC-bearing mouse model was
established. (a) The mice were sacri�ced and the tumors were collected, weighed, and imaged. (b)
Quanti�cation of the average tumor weight. △P < 0.05, FZJD+5-FU group vs. FZJD group and 5-FU group;
***P < 0.0001 5-FU group vs. control group; **P < 0.01, FZJD group vs. control group. (c) The tumor
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sections were immunostained with anti-TIE2 or anti-CD31 antibodies to evaluate the role of TEMs in the
anti-tumor effect of FZJD. The population of TEMs and CD31+ ECs was quanti�ed from six high-powered
�elds for each tumor section. Scale bar, 20 µm. (d) Quanti�cation of the population of TEMs and ECs. &P
> 0.05, FZJD+5-FU group vs. FZJD, 5-FU, and control groups and 5-FU group vs. FZJD and control groups;
***P < 0.0001, FZJD+5-FU group vs. FZJD, 5-FU, and control groups.


