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Abstract
Purpose: To investigate the effects of triptolide (TP) on the proliferation of monocytes/macrophages,
secretion of vascular endothelial growth factor (VEGF) and vascular endothelial growth factor-C (VEGFC) in mildly acid microenvironment.
Methods: Human monocytes/macrophage system (THP-1 strains) was cultured under acid (pH 6.6 and
pH 6.8) microenvironment and normal microenvironment (pH 7.2) containing different concentrations of
TP (5, 10, 20 and 50 µg/mL) for 24, 48 and 72 h. The number of monocytes/macrophages under the
varying conditions was subsequently determined by methyl thiazolyl tetrazolium (MTT) assay. The
supernatants were collected after 24-h culture, and the content of VEGF and VEGF-C in each
supernatant measured by enzyme-linked immunosorbent assay (ELISA).
Results: The proliferation of monocytes/macrophages to some extent enhanced in mildly acid
microenvironment. The content of VEGF and VEGF-C declined gradually with increasing TP
concentration at the same pH value, and reached a minimum at 50 ug/mL and pH 6.6.
Conclusion:
In
mildly
acid
microenvironment,
TP
promotes
the
proliferation
of
monocytes/macrophages to some extent and can reduce their ability to secrete tumor growth promoting
factors.
Keywords: Monocytes, Macrophages, Triptolide, Vascular endothelial growth factor, Tumor growth,
Tripterygium wilfordii, Sub-acid microenvironment
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INTRODUCTION
Tumor growth is a complicated process, in which
many factors participate. The interaction between
tumor cells and tumor stroma has been reported
to play an important role in tumor growth [1].
Tripterygium wilfordii is a perennial vine
belonging to the Celastraceae family. Its active
ingredients exist mainly in the roots. It has been
used as a traditional Chinese medicine for nearly
2000 years. TP is one of the active ingredients of
Tripterygium wilfordii. It is suggested that TP has
biological activity such as immunosuppression,
anti-inflammatory effect, anti-fertility effect and

anti-tumor effect [2,3]. TP can suppress the
activities and induce apoptosis of many kinds of
tumor cells [2,3]. TP also has an inhibitory effect
on tumor angiogenesis [4] and a strong
immunomodulatory effect, including modulation
of the macrophagocyte function [5]. So far, no
studies have been carried out to investigate
whether TP has a modulation effect on
monocyte/macrophage
in
mildly
acid
microenvironment currently.
Mononuclear macrophages that infiltrate tumor
tissues are mainly M2 phenotype [6,7]. These
participate in the process of tumor infiltration,
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growth and metastasis by secreting many factors
which promote vascular and lymphatic growth
such as VEGF and VEGF-C [8-10].

o

In this study, the effect of TP on the proliferation
and function of monocytes/macrophages in
mildly acid microenvironment was investigated in
in vitro experiments, with a view to providing
more experimental data for developing anti-tumor
drugs from Tripterygium wilfordii Hook.

C, 5 % CO2 and saturated humidity in an
incubator for 24, 48 and 72 h. About 20 µL of 5
mg/mL MTT was added into each well 4 hours
before end of the incubation, and then the plate
was incubated at the same conditions. After
incubation, the culture was centrifuged at 6000 g
for 5 min, and the supernatant was carefully
discarded. DMSO was added into each well, and
the absorbance of each well was measured at
490 nm using a microplate reader.

EXPERIMENTAL

Detection of VEGF and VEGF-C

Specimen

One hundred microliters of the solution of resuspended THP-1 cells and 100 µL cell culture
medium at each pH value was added to each
well
to
make
the
concentration
of
monocytes/macrophages 2 × 106/mL. The
concentration gradients of TP were set as 0, 5,
10, 20 and 50 µg/mL. The plates were incubated
in the solutions with pH 6.6, 6.8 and 7.2 at 37 oC
in a 5 % CO2 incubator for 24 h. The supernatant
was collected and the amounts of VEGF and
VEGF-C in the supernatant were determined by
ELISA. Three wells were set for every single
concentration. The operations were performed
strictly according to the instructions of VEGF-C
ELISA Kit from the manufacturer (Eton
Bioscience, USA).

Monocytes/macrophages: THP-1 was purchased
from Key Laboratory of Transplant Engineering
and Immunology of Health Ministry of China,
West China Hospital, Sichuan University.
Reagents
Human VEGF (vascular endothelial growth
factor) (PeproTech, USA), VEGF-C ELISA Kit
(Eton Bioscience, USA), double antibody (Eton
Bioscience, USA), MTT (AMRESCO, USA), FBS
(hyclone, USA), RPMI-1640 medium (Life
Technologies, China), TP (Sigma, USA), and
dimethyl sulfoxide(DMSO) (Beijing reagent
factory) were used in this study.
Preparation of TP-containing Roswell Park
Memorial Institute (RPMI)-1640)
TP was dissolved in 10 ml DMSO to prepare 1
mg/mL stock solution. The mother liquor was
filtered and repackaged into 1 mL vial, and
stored under -20 oC for use. Before starting the
experiment, TP mother liquor was added to
RPMI-1640 complete media containing 2 % FBS
separately and the concentration was adjusted
into 0, 5, 10, 20 and 50 µg/mL, and pH was
adjusted to 6.6, 6.8 and 7.2 with 5.5 % NaHCO3
and 1 N HCl.

Statistical analysis
The contents of VEGF and VEGF-C in
supernatant are presented as means ± standard
deviation (SD). Data from MTT assays were
analyzed with analysis of variance of orthogonal
design, while the OD values were presented as
(means ± SD). Statistical analysis was performed
using SPSS 13.0. P < 0.05 was considered
statistically significant.

RESULTS
Effects of TP on the proliferation of THP-1
cells

Preparation of TP cell suspensions
THP-1 cells were cultured and passaged
according to the instructions from Key Laboratory
in Transplant Engineering and Immunology of
Chinese Health Ministry, and re-suspended in
RPMI-1640 containing 2 % FBS. The number of
5
cells was counted and adjusted to 2 × 10
cells/mL.
THP-1 cells were inoculated in a 96-well plate
(100 µL well), and 200 µL maintenance media
with TP at concentrations of 0, 5, 10, 20 and 50
µg/mL. Three wells were set for each TP
concentration. The plates were incubated at 37

As shown in Table 1, the number of THP-1 cells
had an increasing tendency with an increased TP
concentration at the same pH and action time,
and the number decreased at concentration of 50
µg/mL. Significant difference was found among
different concentrations (p < 0.05). Cell number
showed with prolonging culture time and
decreased significantly at 72 h (p < 0.01). With
the increase of pH, the number of cells increased
gradually (pH 6.6 and 6.8) and then declined,
and there was a statistical difference among
groups (p < 0.01). The cell number increased
markedly at 48 h (Table 1).
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many types of tumor [12]. With increase in tumor
size, blood supply to the inner part of tumors is
compromised, so local hypoxia and high lactic
acid microenvironment are common for many
tumors. Even in the condition with full oxygen
supply, tumor cells generate energy by glycolysis
and produce a lot of H+ and lactic acid.
Meanwhile, poor local blood supply induced by
the infinite proliferation of tumor cells also causes
the acid extracellular microenvironment of the
tumor tissues because of high lactic acid level
[13]. The extracellular pH (pHe) of tumor tissues
is often acidic, and acidic metabolites, e.g., lactic
acid caused by anaerobic glycolysis in hypoxia,
seem to be the main cause. In consequence, pH
6.6 and 6.8 were used as experimental group to
present the mildly acid microenvironment of
tumor tissues, and pH 7.2 was taken as control
group in our study.

Effect of TP concentration and pH on VEGF
and VEGF-C
The content of VEGF and VEGF-C declined
gradually with the increasing TP concentration at
the same pH value, and reached the minimum at
50 ug/mL and pH 6.6 (Table 2 and 3).

DISCUSSION
The extracellular microenvironment of solid
tumors is acidic (pH 6.5 - 6.9), which is lower
than the pH value for normal cells (7.2 - 7.5) [11].
The functional vasculature of tumors is often
inadequate to supply the nutritional needs of the
expanding population of tumor cells, leading to
deficiency of oxygen and many other nutrients.
The production of lactic acid under anaerobic
conditions and the hydrolysis of ATP in an
energy-deficient environment contribute to the
acidic microenvironment which has been found in

Table 1: Effect of TP concentration and time on the proliferation of THP-1 cells
Time (h)

24

48

72

pH
6.6
6.8
7.2
6.6
6.8
7.2
6.6
6.8
7.2

TP concentration (µg/mL)
0
0.23±0.01
0.33±0.00
0.55±0.00
0.21+0.03
0.99±0.00
1.98±0.04
0.53±0.00
0.24±0.00
0.23±0.00

5
0.27±0.06
0.33±0.0
0.57±0.00
0.57±0.00
0.25±0.01
2.45±0.00
0.57±0.00
1.33±0.00
0.22±0.00

10
0.41±0.03
0.36±0.01
0.60±0.02
0.69±0.01
0.34±0.00
2.46±0.00
0.50±0.02
1.36±0.01
0.23±0.00

20
0.46±0.02
0.32±0.00
0.60±0.01
0.95±0.01
0.35±0.04
2.50±0.01
0.58±0.01
0.88±0.00
0.25±0.00

50
0.36±0.06
0.25±0.05
0.44±0.01
1.16±0.00
0.37±0.01
1.13±0.00
0.68±0.01
0.76±0.01
0.16±0.00

TP = triptolide; values are mean ± SD (n = 3)
Table 2: Content of VEGF (ug/mL) at different TP concentrations and pH
Time (h)

24

pH

TP concentration (µg/mL)
0

5

10

20

50

6.6

47.71±0.01

47.34±0.02

46.04±0.01

45.42±0.03

40.25±0.02

6.8

47.79±0.02

46.42±0.03

45.96±0.01

44.79±0.02

44.58±0.02

7.2

54.58±0.00

52.85±0.02

49.17±0.02

46.42±0.01

45.88±0.02

VEGF: vascular endothelial growth factor; TP: triptolide; Values are mean ± SD (n=3)
Table 3: Content of VEGF-C (ug/ml) at different TP concentrations and pH values
Time (h)

24

pH

TP concentration (µg/mL)
0

5

10

20

50

6.6

172.77±0.01

171.75±0.03

171.30±0.02

170.98±0.02

139.36±0.01

6.8

179.79±0.01

175.21±0.01

174.47±0.03

173.92±0.02

170.00±0.02

7.2

181.60±0.02

180.43±0.04

178.75±0.01

178.51±0.02

175.43±0.02

VEGF = vascular endothelial growth factor; TP = triptolide; values are mean ± SD (n = 3)
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Acid conditions may contribute to cell death and
necrosis within solid tumors. Many cells,
however, are known to survive under marginal
conditions, and these cells may be an important
cause for failure of conventional therapies. In the
studies of solid tumor, monocyte/macrophage is
found to be a type of host cell existing in large
quantities [14]. Significant infiltration of the
monocyte/macrophages is found in solid tumors
such as oral cancer, and was related with the
development and metastasis of tumor [15].
Studies have shown that they exist mainly in low
oxygen areas with fewer capillaries, which is also
corroborated by our studies of oral cancer
[16,17].

increase in TP concentration at the same pH,
and peaked at pH 6.6. These results
demonstrate that even in mildly acid
microenvironment, the proliferation and function
of monocytes/macrophages were changed at
some level after TP intervention. This may be
due to the conversion of the monocytes/
macrophages from tumor-promoting type (M2) to
t antitumor type (M1). Under mildly acid
microenvironment, TP promotes the proliferation
of monocytes/macrophages to some extent and
can reduce their ability to secrete tumor growth
promoting factors.

Monocytes/macrophages have a broad spectrum
of biological activities, highly complex and
changing phenotypes. They present different
phenotypes and functions under the effect of
different microenvironment factors, including
classically activated macrophages (M1) and
alternatively activated macrophages (M2).
Recent studies showed that mononuclear
macrophages infiltrated in tumor tissues are
mainly M2 phenotype [6,7], which can produce
enzymes promoting degradation of extracellular
matrix and participating in tumor apoptosis and
necrocytosis [18]. They can also participate in
the process of tumor infiltration, growth and
metastasis by secreting many factors that
promote vascular and lymphatic growth such as
VEGF, VEGF-C [8-10]. It has been suggested
that the function of monocytes/macrophages may
change the local micro environment of tumor
tissues (such as anoxia and acidity), thus
decreasing their phagocytosis of tumor cells and
strengthening their effect in tumor growth and
metastasis [17,19,20]. Monocytes/macrophages
also have heterogeneity and play important roles
in the biotherapy of tumors [21,22]. Therefore, it
is of significance to modulate the function of
these cells in mildly acid microenvironment in the
biotherapy of tumors.

The results obtained in this study indicate that
the function of monocytes/macrophages can be
changed after TP intervention in the mildly acid
microenvironment of tumor, thus reducing
secretion of tumor growth promoting factors.

In this study, the number of cells increased with
increase in concentration of TP after incubation
of monocytes/macrophages with 0 - 20 µg/mL TP
under all pH values in this study, and the number
of cells significantly decreased with 50 µg/mL
TP. Cell numbers increased over time during
incubation for 24 - 48 h, but decreased at 72 h.
The contents of VEGF and VEGF-C decreased
as the TP concentration increased, which
suggest that TP can promote proliferation of
monocytes/macrophages at a low concentration
(0 - 20 µg/mL) and suppress the proliferation at a
high concentration (50 µg/mL). The inhibitory
effect of secretion of VEGF and VEGF-C by
monocytes/macrophage was enhanced with

and angiogenesis of human pancreatic cancer cells

CONCLUSION
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