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ABSTRACT
Dendritic cells (DCs), as the most important antigen-presenting cells, play a crucial role in T cell 
activation. The latest research showed that inhibition of the mammalian target of rapamycin (mTOR) 
could enhance DCs maturation, promoting antigen presentation. Matrine has been identified as one 
of the key alkaloids isolated from the roots of Sophora flavescens. In present study, we combined 
matrine and mTOR inhibitor KU0063794 to observe the DCs functions, especially the antigen pre-
sentation ability. DCs were activated by phosphate-buffered saline (PBS), lipopolysaccharide (LPS), LPS 
+KU0063794, LPS+Matrine, and LPS+KU0063794+Matrine. The surface markers in DCs, proliferation of 
T cells and cytokines were detected by flow cytometry, cell counting kit-8 (CCK-8) and enzyme-linked 
immunosorbent assay (ELISA), respectively. The lactate dehydrogenase (LDH) release test was used to 
detect the antitumor efficacy. The tumor growth curves were plotted by calculating tumor volume. 
The apoptosis was detected by Terminal-deoxynucleoitidyl Transferase-Mediated Nick End Labeling 
(TUNEL) method. Matrine combined with KU0063794 could enhance the maturity of DCs, T cells 
proliferation and cytokines secretion (P < 0.05). The cytotoxic T lymphocytes (CTL) killing efficacy of 
LPS+KU0063794+Matrine group was higher than other groups (P < 0.05). In vivo, the tumor weights 
and volumes in LPS+KU0063794+Matrine group were lower than other groups. The detections of 
tumor apoptosis were increased in LPS+KU0063794+Matrine group (P < 0.05). DC vaccine with mTOR 
inhibitor and matrine could significantly improve the efficacy of antitumor immunity in vitro and vivo. 
These findings illustrated that mTOR inhibitor and matrine, as two immunomodulators, could 
enhance DC activation and differentiation.
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1. Introduction

Dendritic cells (DCs) are key antigen-presenting 
cells, which could capture, process and present the 
‘foreign’ antigen to naive T cells. It is desired to 
improve the ability of antigen presentation in DCs 
for cancer immunotherapy [1]. The mammalian 

target of rapamycin (mTOR) network is important 
for numerous cellular processes. Several studies 
showed that mTOR signaling pathways took part 
in regulating DCs functions [2]. The inhibition of 
mTOR in mature DCs (mDCs) could enhance the 
antigen presentation ability. Moreover, traditional 
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Chinese medicine (TCM) also plays an important 
role in regulating immune responses [3–5]. 
Matrine is a kind of main alkaloid components, 
which were isolated from the classic TCM Sophora 
roots [6–9]. It has been recently reported that 
matrine is associated with activation of autophagy, 
apoptosis and numerous immune related signal 
pathways. To the best of our knowledge, our 
study was the first study to investigate the combi-
nation of matrine and mTOR inhibitor 
KU0063794 to improve the antigen presentation 
ability of DCs and the antitumor efficacy of DC 
vaccine for HCC patients. The aim and goals of 
this study are to combine matrine and mTOR 
inhibitor KU0063794 to observe the DCs’ func-
tions, especially the antigen presentation ability. 
Our hypothesis is that DC vaccine with mTOR 
inhibitor and matrine could significantly improve 
the efficacy of antitumor immunity in vitro and 
vivo. Compared to previous works by other 
researchers, our results indicated that the combi-
nation of matrine and KU could promote DC 
maturation and enhance T cell proliferation

2. Materials and methods

2.1 Preparation for dendritic cells and T cells

Peripheral blood mononuclear cells were isolated 
from blood samples of healthy donors by using lym-
phocytes as a separating solution (Solarbio, Beijing, 
China). Adherent cells were used to incubate and 
differentiate DCs. MD-STM-N medium (MD 
Pacific, Tianjing, China) and 10% fetal bovine 
serum (FBS) (GIBCO, Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) were used for cell culture. 
Meanwhile, differentiation of DCs was added to 
essential cytokines, such as GM-CSF (10 μg/ml, 
PeproTech, Annoron, Beijing, China) and IL-4 
(10 μg/ml, PeproTech, Annoron, Beijing, China). 
The non-adherent cells were collected for T cells 
incubation. IL-2 (50 U/ml, PeproTech, Annoron, 
Beijing, China) and IL-7 (10 ng/ml, PeproTech, 
Annoron, Beijing, China) were added to induce pro-
liferation of T cells. The system used for densitome-
try is Human Lymphocyte Separation Solution 
(Tianjin Haoyang Biological Products Technology 
Co., LTD.)

2.2 Preparation for liver tumor antigen and 
loaded on DCs

The Huh7-associated antigens were generated by 
thawed and refreezed circling. Then, they were 
added into the immature DC on the fifth day of 
culturation. The ratio between DCs and tumor 
antigen was 1:20. The imDCs were identified 
during the incubation on the fifth day. After 
loading the Huh7-associated antigens within 
48 hours, the DCs were incubated as semimature 
DC (semiDC). The mDCs were harvested after 
24 hours interventions by KU0063794 and/or 
matrine [5].

2.3 Pharmacological intervention

After 48 hours of semiDC incubation, the DCs were 
randomly divided into five groups: A, B, C, D and E 
(Group A: Untreated group, Group B: LPS, Group 
C: LPS+KU0063794, Group D: LPS+Matrine, 
Group E: LPS+KU0063794+Matrine. The untreated 
group was added 1 mL phosphate-buffered saline 
(PBS) only. The four DC groups were stimulated 
with 100 ng/mL LPS in the absence or presence of 
KU0063794 (100 nM) and/or matrine (1 mg/ml), 
respectively. The five groups were cultured in MD- 
STM-N medium at 37°C in a humidified incubator 
supplemented with 50 mL/L CO2 [6].

2.4 Induction of CTL cells and detection of CTL 
killing effects in vitro

Five DC groups described in part 2.3 were mixed 
with T cells for 7 days at a ratio of 1:10, cocultured 
in RPMI medium 1640 containing 10% FCS, 50 U/ 
ml IL-2 (PeproTech, Annoron, Beijing, China) and 
10 ng/ml IL-7 (PeproTech, Annoron, Beijing, 
China). Every 3 days, a new culture solution (at 
half volume) was replaced. On day 7, the activated 
CTL cells were collected for killing effect tests as 
the effector cells. Huh7 cells as the target cells, the 
ratios of the effector cells to the target cells were 
1:1, 5:1, 10:1, 50:1, 100:1, respectively. Co-cultured 
for 5 hours, then the supernatant was collected 
CTL killing effects by using LDH Kit (Promega 
corporation, Madison, USA) [7].
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2.5 Detection of biomarkers of DCs by flow 
cytometry

The maturation of DCs was detected by flow 
cytometry after 24 hours pharmacological inter-
vention by KU0063794 and matrine, using 
CD83 antibody, CD86 antibody and HLA-DR 
antibody (BD Biosciences, Franklin Lakes, NJ, 
USA) [8].

2.6 Proliferation of T cells

Proliferation of T cells was detected by CCK-8 
method. The DCs in each group were disposed 
with different pharmacological intervention 
mixed with T cells. A CCK-8 test kit (Dojindo, 
Shanghai, China) was used, and a specific opera-
tion was conducted according to the manufac-
turer’s instructions [9].

2.7 Cytokine measurement

When DCs in each group were disposed with 
different pharmacological interventions mixed 
with T cells, the supernatants were used to detect 
for IFN-γ, TNF-α and IL-10 by ELISA method 
(NeoBioscience company, Shenzhen, China) [10].

Study on mTOR inhibitor-induced maturation of 
human peripheral blood monocyte-derived DCs.

The monocytes were isolated from the periph-
eral blood of healthy volunteers by density gradi-
ent centrifugation method. The monocytes were 
induced to differentiate into DCs under the action 
of GM-CSF and IL-4 by adherent culture method. 
The DCs were sensitized with Huh7 cell lysates. 
Group B: Lipopolysaccharide (LPS); Group C: LPS 
+KU0063794 (mTOR inhibitor); Group D: LPS+ 
Matrine; Group E: LPS+KU0063794+Matrine sti-
mulated DC maturation, and finally prepared as 
liver cancer DC vaccine in each group. PBS stimu-
lated group (group A) was used as blank control 
group. The expression of surface markers CD83, 
HLA-DR and CD86 were detected by flow cyto-
metry at different culture time points.

Experimental study on T cell proliferation 
induced by mTOR inhibitor. The prepared 
HEPATocellular carcinoma DC vaccines were co- 
cultured with the initial T cells in a ratio of 1:10 for 

72 h, and the PROLIFERATION of T cells was 
detected by CCK-8 method.

Study on the ability of mTOR inhibitor to induce 
CTL cells to secrete cytokines.

Hepatocellular carcinoma DC vaccine in each 
group was co-cultured with primary T cells to 
activate the primary T cells into cytotoxic T lym-
phocytes (CTL). The secretion of IFN-γ, TNF-α 
and IL-10 at different time points during CTL 
induction was detected by ELISA.

Study on specific killing efficiency of CTL to 
hepatocellular carcinoma cells in vitro and in vivo.

CTL cells were used as effector cells and Huh7 
cells as target cells after 21 days of induction for 
5 h in the ratios of 1:1, 5:1, 10:1, 50:1 and 100:1, 
respectively. LDH release assay was used to detect 
in vitro specific killing efficacy of hepatocellular 
carcinoma DC vaccine induced by LPS and LPS 
+mTOR inhibitor.

Hepatocellular carcinoma huH7-bearing nude 
mice model was established and randomly divided 
into group A: blank control group. Group B: LPS- 
MDC-CTL; Group C: LPS+ KU0063794-MDC- 
CTL group; Group D was LPS+MATRine-MDC- 
CTL. Group E: LPS+KU0063794+MATRine-MDC 
-CTL group was used for immunotherapy, once a 
week, 3 times in total. Tumor volume and weight 
were measured, tumor growth curve was drawn, 
and apoptosis was detected by TUNEL method.

2.8 Tumor challenge experiments

The nude mice were purchased from Slake 
Laboratory Animal Company (Shanghai, China) 
and subcutaneously inoculated with 2 × 107 

human Huh7 cells under the right forelimb sub-
axillary. When the tumor grew to 5–7 mm (about 
80–100 mm3), the mice were randomly divided 
into five groups: A, B, C, D and E (Group A: 
blank control group, Group B: LPS-mDC-CTL. 
Group C: LPS+KU0063794-mDC-CTL group, 
Group D: LPS+Matrine-mDC-CTL group; Group 
E: LPS+KU0063794+Matrine-mDC-CTL group). 
The mice were injected with 0.2 ml PBS in 
Group A (blank control group). For the four inter-
vention groups, they were injected with human 
CTLs described in part 2.4, respectively. The 
doses of autologous CTLs were 2 × 107 in each 
group. The intervention was performed once a 
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week, 3 times in total. Mice were monitored for 
tumor growth periodically, and tumor sizes were 
measured with digital calipers (Fisher Scientific). 
The tumor tissues were harvested after 7 days for 
the last immunization. The mice were sacrificed 
and the tumor tissues with final tumor volumes 
and weights were measured. Apoptosis of tumor 
tissues was detected by TUNEL (Roche, 
Switzerland) staining [11]. After resuscitation, 
the CONCENTRATION of CTL cells was adjusted 
to 108/ml, and the nude mice with tumor size of 
5–7 mm were selected and successfully inoculated 
for 3 weeks, once a week for 3 times in total. 
Group A (blank control group) was injected with 
0.2 ml PBS, and GROUP B–E was hepatocellular 
carcinoma – DC vaccine prepared after different 
interventions stimulated DC maturity, and CTL 
cells prepared by 2.4 steps: group B–E was injected 
with 0.2 ml CTL cells (2 × 107 cells/mouse). The 
treatment was peritumoral multipoint injection.

2.9 Statistical analysis

Data were presented as percentages, means with 
standard deviation (mean ± SD). One-way analysis 
of variance (ANOVA) was used for the compar-
ison of mean values among 5 groups. LSD test was 
used for comparison between groups. P < 0.05 was 
considered statistically significant. All statistical 
analyses were performed using SPSS23.0 for 
Windows (SPSS, Chicago, IL, USA).

3 Results

In the present study, we combined matrine and 
mTOR inhibitor KU0063794 to observe the DCs 
functions, especially the antigen presentation abil-
ity. The activations of DC were stimulated by PBS, 
LPS, LPS+KU0063794, LPS+Matrine, and LPS 
+KU0063794+Matrine. The surface markers in 
DCs, proliferation of T cells and cytokines were 
detected by flow cytometry, CCK-8 and ELISA, 
respectively. The LDH release test was used to 
detect the antitumor efficacy. The tumor growth 
curves were plotted by calculating tumor volume. 
The apoptosis was detected by the TUNEL 
method. The results showed that matrine com-
bined with KU0063794 could enhance the matur-
ity of DCs, T cells proliferation and cytokines 

secretion (P < 0.05), compared with other groups. 
The CTL killing efficacy of LPS+KU0063794 
+Matrine group was higher than other groups 
(P < 0.05). In vivo, the tumor weights and volumes 
in LPS+KU0063794+Matrine group were lower 
than other groups. The detections of tumor apop-
tosis were increased in LPS+KU0063794+Matrine 
group than other groups (P < 0.05). DC vaccine 
with mTOR inhibitor and matrine could signifi-
cantly improve the efficacy of antitumor immunity 
in vitro and vivo. These findings illustrated that 
mTOR inhibitor and matrine, as two immunomo-
dulators, could enhance DC activation and 
differentiation.

3.1 Matrine combined with mTOR inhibitor 
KU0063794 could enhance the maturity 
phenotypes of DCs

After pharmacological intervention with 
KU0063794 and/or matrine, the expression of 
CD83, CD86 and HLA-DR of DCs were increased. 
The expression of CD83, CD86 and HLA-DR in 
KU0063794 combined with matrine group showed 
the highest level among all intervention groups (P 
< 0.05). These results suggested that matrine or 
KU0063794 could promote DCs maturation, and 
the combined effect of the two drugs was greater 
(Figure 1).

3.2 Matrine combined with mTOR inhibitor 
KU0063794 could potentiate the capacity of DCs 
to induce T-cell proliferation

Compared with the LPS group, the efficacy of 
KU0063794 and matrine could significantly 
enhance the T cells’ proliferation (P < 0.05). And 
the combination of KU0063794 and matrine had 
the strongest effect (Figure 2).

3.3 Matrine combined with mTOR inhibitor 
KU0063794 could induce CTLs to secrete IFN-γ 
and TNF-α, whereas suppress IL-10

IFN-γ and TNF-α in the mixed system were 
increased after pharmacological intervention with 
KU0063794 and/or matrine, the groups of combi-
nation drugs expressed more IFN-γ and TNF-α 
than the groups used a drug alone or no drug 
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Figure 2. Proliferation index of T cells co-cultured with different groups of DCs was detected by CCK-8 method. aP<0.05 vs. LPS 
group; bP<0.05 vs. LPS+KU+Matrine group.

Figure 1. Matrine combined with KU0063794 could enhance the maturity phenotype of DCs.
(A) The expressions of CD83, CD86 and HLA-DR on mDCs tested by flow cytometry after pharmacological intervention for 24 h in 
different groups. (B) The comparisons of CD83, CD86 and HLA-DR expressions among five groups. aP<0.05 vs. LPS group; bP<0.05 vs. 
LPS+KU+Matrine group. 

9278 N. ZHOU ET AL.



intervention. At the same time, for IL-10, results 
were on the contrary, combination drug groups 
expressed less IL-10 than the LPS group. But the 
LPS+KU0063794 group had higher IL-10 secretion 
than LPS group (P < 0.05) (Figure 3).

3.4 Matrine combined with mTOR inhibitor 
KU0063794 could heighten the CTL killing 
effect in vitro

The CytoTox-96 assay (Promega corporation, 
Madison, USA) evaluated cytotoxicity by assessing 
the total release of LDH into culture medium as a 
consequence of damaged cell membranes. LPS+KU, 
LPS+Marine, LPS+KU+Matrine groups expressed 
more LDH than untreated and LPS groups (P 
< 0.05). The LPS+KU+Matrine group was the best 
one, indicating that combination of matrine and 
KU0063794 on DCs induced stronger CTL killing 
effect than any drug alone or LPS group. At the 
same time, the killing effect increased with the 
increase of effector:target cell ratio (Figure 4).

3.5 Matrine and KU enhanced the ability of 
HCC-DC vaccine therapeutic antitumor 
immunity in vivo

After CTL immunotherapy, tumor weight and 
volume of nude mice in LPS+KU0063794 
+Matrine group were significantly lower than 
those in the LPS group, with significant tumor 
inhibition effect (P < 0.05) (Figures 5a–5c). 
Compared with the LPS group, the degree of 
tumor apoptosis in the LPS+mTOR inhibitor 
+matrine group was significantly increased (P 
< 0.05) (Figure 5d–5e).

4. Discussion

DC is a full-time antigen-presenting cells, which 
can effectively induce T cell immune response. 
The autologous DC vaccine plays a critical role 
in antitumor immunotherapy. However, the effi-
cacy of DC vaccine is still unsatisfactory in clinical 
applications. It has been found that the efficacy of 
DC vaccine mostly relies on the degree of mature 
DCs. As is well known, mTOR is one of the 
serine–threonine kinases [10]. Its network plays 
an important role in integrating intra- and extra-
cellular nutrient to control basic cellular processes, 
such as metabolism and protein synthesis [12]. In 
the present study, we found that inhibition of 
mTOR in incubation of mature DCs could 
enhance the presentation of endogenous self- 
antigens on MHCII molecules [11]. Traditional 
Chinese medicines (TCMs) are garnering increas-
ing attention in immune therapy. Accumulating 
evidence indicated that some TCMs affect the 
functions of immune cells, such as DCs [13,14]. 
Jing et al. reported that astragalus polysaccharide 

Figure 3. The HCC-DC vaccine induced by KU and matrine could influence the cytokine secreting ability of CTL cells.
(A) The expression of IFN-γ was detected by ELISA. aP<0.05 vs. LPS group; bP<0.05 vs. LPS+ KU+Matrine group. (B) The expression of 
TNF-α was detected by ELISA. aP<0.05 vs. LPS group; bP<0.05 vs. LPS+KU+Matrine group. (C) The expression of IL-10 was detected 
by ELISA. aP<0.05 vs. LPS group. 

Figure 4. The specific killing effects of KU combined matrine 
induced HCC DC vaccine in vitro. The killing effects of DC 
vaccine increased with the increased E:T ratio.
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could promote the maturity of DC cells and 
enhance the ability of antigen presentation [15]. 
Lin et al. reported that the treatment of DCs with 
ganoderma lucidum polysaccharides resulted in 
improving cell surface of CD80, CD86, CD83 
expression; increasing the secretions of IL-12p70/ 
p40; and enhancing T cell-stimulatory capacity 
[16]. Matrine (C15H24N2O) is one of the key tetra-
cyclo-quinolizindine alkaloids isolated from the 
roots of Sophora flavescens Aiton [17]. The anti-
tumor effect of matrine has been well documented, 
but the effects on DCs maturation and antigen 
presentation were not be reported before [18,19].

Our results indicated that the combination of 
matrine and KU could promote DC maturation 
and enhance T cell proliferation (P < 0.05). DC 

regulates cytokines to influence the development 
of different T helper cells [20]. With the devel-
opment of research, the heterogeneity of DC has 
been identified, such as DC1, DC2 and DC17 
[21]. DC1 induces polarization of Th1. Th1 
cells secrete high levels of IFN-γ and TNF-α, 
which is associated with antitumor immunity. 
Th2 cells secrete high levels of IL-4 and IL-10. 
It is suggested that Th2 cytokine dominance is 
one of the mechanisms of tumor immune escape. 
From our study, the expression levels of IFN-γ 
and TNF-α were significantly increased by using 
KU0063794 and Matrine, meanwhile interleukin- 
10 (IL-10) was decreased (P < 0.05). Matrine 
combined with mTOR inhibitor can induce and 
stimulate the phenotype and functional maturity 

Figure 5. Matrine and KU enhanced the ability of HCC-DC vaccine therapeutic antitumor immunity in vivo.
(A) Images of xenograft nude mice models. (B) Transplantation tumor specimens of nude mouse. (C) Images of tumor growth curve. 
(D) The apoptosis rates in different groups (*P < 0.05). (E) TUNEL staining of the tumor apoptosis in different groups (×200). 
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of DC, which is more likely to induce Th1 and/or 
Th17 type immune response. The mature DCs 
induced by induction may be more DC1 pheno-
type pedigree, providing a way to optimize the 
selection of DC phenotype in the preparation of 
DC vaccine. According to previous reports, 
mTOR inhibitors positively affected the produc-
tion of proinflammatory cytokines such as TNF- 
α, and inhibited IL-10 production [22–24]. 
Activating mTOR could help strongly translate 
IL-10 Hence, inhibition of mTOR decreased pro-
duction of IL-10 in DCs. However, in this study, 
we found that the LPS+KU group had signifi-
cantly higher IL-10 secretion than LPS group 
[25–27]. mTOR plays an inhibitory role in reg-
ulating IL-10, which is different from the above 
studies, but the specific mechanism needs further 
research. After pharmacological intervention, 
LPS+KU, LPS+Matrine and LPS+KU+Matrine 
groups expressed more LDH than untreated and 
LPS groups. Moreover, compared with any sin-
gle-drug group, the combined drug groups 
showed stronger killing power (P < 0.05). To 
further verify whether KU combined with 
matrine can enhance antitumor efficacy in vivo, 
we conducted animal experiments [28]. Both 
tumor volume and tumor weight in LPS+KU 
+Matrine group were smaller than those in LPS, 
LPS+KU0063794 and LPS+matrine groups. The 
apoptosis rates of tumor cells were significantly 
higher in LPS+ mTOR inhibitor+matrine than 
that in other groups, indicating that CTL 
induced by LPS+mTOR inhibitor +Matrine 
group had the strongest killing ability in vivo, 
which was consistent with the results in vitro.

The ability of antigen presentation of DCs was 
related to autophagy levels in activated DCs, more 
active of autophagy, more stronger of antigen 
presentation ability. Matrine could induce autop-
hagy was well documented. According to our 
results, we speculated that matrine promoted 
antigen presentation of DCs might be related 
with autophagy [29–32]. mTOR inhibits autop-
hagy through its recruitment into the Atg1/ 
ULK1–mAtg13–FIP200 autophagy initiation 
complex and subsequent Ser757 phos – phoryla-
tion of ULK1 [33]. Therefore, the combination of 
matrine and mTOR inhibitor might further 
enhance autophagy, and then improve the ability 

of antigen presentation in DC cells. The signifi-
cance of this study is that we found mTOR inhi-
bitor and matrine could enhance DC activation 
and differentiation. LPS+mTOR inhibitor 
+Matrine could induce DC maturation in the 
preparation of DC vaccine. The combination of 
matrine and mTOR inhibitor might further 
enhance autophagy.

5. Conclusions

The combination of mTOR inhibitor and matine 
could enhance the efficacy of HCC-DC vaccine. It 
was suggested that LPS+mTOR inhibitor+Matrine 
could be used as a new mixture to induce DC 
maturation in the preparation of DC vaccine. 
The combination of matrine and mTOR inhibitor 
might further enhance autophagy.

Highlights

● mTOR inhibitor and matrine could enhance 
DC activation and differentiation.

● LPS+mTOR inhibitor+Matrine could induce 
DC maturation in the preparation of DC 
vaccine.

● The combination of matrine and mTOR inhi-
bitor might further enhance autophagy
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