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Objective. To explore the efficacy of combined therapy of Regorafenib with detoxicating and stasis softening Chinese herbal spleen
tonics (DSS-splenic tonics) in mid-/late-stage hepatocellular carcinoma. Methods. Retrospective observational data of 120 patients
were obtained, 60 of which received combined therapy of DSS-splenic tonics and regorafenib. Adverse event, overall survival (OS),
and time-to-progress (TTP) were analyzed. Synergistic effect of DSS-spleen tonics was found and validated in human hepa-
tocellular carcinoma HCCLM3 cell line and xenograft mouse models. Results. Combination of regorafenib and DSS-splenic tonics
also slightly extended the TTP and OS compared with treatment of regorafenib alone, suggesting DSS-splenic tonics has
synergistic effect with regorafenib. Both Regorafenib and DSS-spleen tonics exerted inhibitory effect on cell viability and invasion
capability of HCCLM3 cells, and combining both could enhance the antitumor effect. At molecular level, we found that VEGF,
HIF-1a, MVD, and VEGF2 were all suppressed by regorafenib and DSS-splenic tonics. These results suggest that DSS-spleen
tonics function synergistically with regorafenib in HCC by enhancing the regulation of regorafenib on VEGF, MMP-2, HIF-1a,
and MVD, and may diminish angiogenesis during HCC progression. Conclusion. DSS-spleen tonics could exert synergistic

antitumor effect with regorafenib via targeting VEGF.

1. Introduction

Hepatocellular carcinoma (HCC) is a common malignancy
ranking in top five with regards to mortality [1, 2]. China is the
most inflicted country by HCC accounting for 55% incidence
and 45% death all over the world, and HCC becomes the
topmost killer for those younger than 60 years of age [3, 4].
HCC patients in China are often complicated with other he-
patic illness such as hepatitis and cirrhosis, or even presenting
slow lipiodol deposition and high tumor heterogeneity, which
undermines the efficacy of TACE [5, 6]. However, the access to
new technologies, such as Radio-Frequency Ablation (RFA),
Microwave Ablation (MWA), cryoablation, and radiotherapy,
is limited to certain indications, hindering the extensive ap-
plication of these approaches [7, 8].

Chemotherapy and target therapy are two of the few
effective systemic therapies of cancer, while liver cancer cells
are often insensitive to chemotherapeutic drugs which
usually bring about severe side effects, further decreasing the
patient adherence [9, 10]. Sorafenib demonstrated not only
relatively low objective remission rate (ORR) but also severe
adverse events, which yielded very limited clinical benefits
[11, 12]. However, its affordability and the lack of clinical
trial in Chinese population limit its accessibility. Therefore,
mid/late-stage HCC patients moderately benefit from
modern medical therapies.

The approach of Chinese traditional medicine has
unique characteristics different than the modern medicine,
which addresses the disease from holistic aspect and usually
focuses on improving the functionality of loci affected by the
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diseases [13]. There has been therapeutic paradigm in
Chinese traditional medicine hospital that integrates mod-
ern medicine and Chinese traditional medicine, treating the
cancer while nourishing and rejuvenating the organs or
tissues hampered by the disease or the treatment [14, 15].
Chinese traditional medicine proposed that spleen is an
organ that should be nourished when treating the cancer,
which has achieved desirable efficacy in combining both
traditional medicine with modern medicine to treat HCC
[16]. We formulate a prescription by mixing the water ex-
tracts of a series of Chinese traditional herbal medicines,
which was intended to nourish the spleen during cancer
treatment and thus was called detoxicating and stasis soft-
ening Chinese herbal spleen tonics (DSS-spleen tonics). This
study conducted a retrospective assessment of the efficacy of
combined therapy of DSS-spleen tonics with target therapy
in a multicenter cohort study and validated the underlying
effector in cell line and primary HCC xenograft mouse
models. The improved efficacy was observed in HCC xe-
nograft models administrated with Regorafenib and DSS-
spleen tonics combined than single therapy of Regorafenib.
Our study provides both evidence-based and mechanism for
combined therapy of tyrosine kinase inhibitor drugs in
HCC.

2. Material and Methods
2.1. Plan

2.1.1. Formula of DSS-Spleen Tonics. The DSS-spleen tonics
comprise of extracts of the following herbals: Radix pseu-
dostellariae, Radix Pearl Ginseng, fried Atractylodes rhi-
zome, Poria, orange peel, chicken gizzard lining, hawthorn,
Tianlong, Zedoary Curcuma, peach kernel, Thunberg Frit-
illary Bulb, cypress on stone, hibiscus leaf, Radix astragali,
Angelica.

2.1.2. Patients and Treatment. The patients with advanced
HCC recurred after first-line treatment of sorafenib at eight
Chinese hospitals from August 2016 to August 2018 were
selected for this study. Their medical records were retrieved
from the hospital’s Health Information System. This study
was initiated in May 2019. As per the label of regorafenib
treatment, only the patients with normal renal and liver
function and bone marrow. The disease progression were
confirmed by experienced radiologist, and the sorafenib
tolerability was confirmed. The treatment cycle is composed
of 3 weeks of oral administration of regorafenib at starting
dose 160 mg, QD (once a day), and 1 week of no treatment.
Reduced starting dose may apply for some patients
depending on their clinical manifestation and adverse
events, and the recommendations for metastatic colorectal
cancer and gastrointestinal cancer was adopted. A subset of
patients received 300 ml DSS-spleen tonics 5 hours after
regorafenib administration, once a day for 4 days. Alpha-
fetoprotein (AFP), radiological assessment, Child-Pugh
class, Barcelona Clinic Liver Cancer (BCLC), Eastern Co-
operative Oncology Group performance status [ECOG-PS]
were collected for each patient.
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All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the Ethnic Committee of the Shanghai Xuhui District
Central Hospital. As this is a retrospective study, thus local
ethic committee approval was not required. All the patients
gave their written information consent.

2.1.3. HCCLM3 Cell Culture. The HCCLM3 cell line was
procured from Institute of Liver Cancer Research of Fudan
University Affiliated Zhongshan Hospital. High glucose
Dulbecco’s modified Eagle’s media (DMEM, Thermofisher
Scientific, Waltham, USA) supplemented with 10% fetal
bovine serum (Thermofisher Scientific, Waltham, USA) was
used to culture the cells. The incubator was maintained at
37°C, 5% CO,.

2.2. Data and Index

2.2.1. MTT Assay. The cell viability was measured with MTT
assay; 7 x 10> HCCLMS3 cells were seeded in each well of 96-
well plate (BD Falcon, Franklin Lakes, NJ). Cells were
allowed to be attached to the well wall overnight at 37°C 5%
CO’. A measure of 10yl MTT in phenol red-deficient
DMEM was added to each well, and the plates were incu-
bated at 37°C for 3 hours. The active enzymes of viable cells
catalyzed the yellow MTT into purple formazan crystals
during the incubation. After removal of the top medium, the
formazan crystals were dissolved in isopropanol. Absor-
bance at 570 nm was measured by SpectraMax fluorescence
multiwell plate reader (Molecular Devices, Sunnyvale, CA).

2.2.2. Western Blot. Radioimmunoprecipitation assay bufter
(RIPA) was used to extract proteins from cells, which were
separated by 10% sodium dodecylsulfate-polyaclylamidegel
electrophoresis (SDS-PAGE) and then transferred to poly-
vinylidene fluoride (PVDF) membranes. The membranes
were blocked with 5% skimmed milk resolved in PBS (pH
7.4, with 0.1% Tween 20) for 60 min. Afterward, primary
antibodies was added to the membrane which were incu-
bated at 37°C for 60 minutes. After removal of excess pri-
mary antibody, horseradish peroxidase (HRP)-linked
secondary antibody diluted in 0.01 M PBS was added to the
membrane and incubated at room temperature for 30 min,
and then washed with 0.01 M PBS for four times. Enhanced
BM chemiluminescence blotting substrate (Roche Diag-
nostics) was used to detect the antigens. The luminescence
intensity was quantified by Image J. mouse-anti-human
HIF-1a (1:250, Sigma-Aldrich), MMP-2 (1:1000, Sigma-
Aldrich), VEGF (1:1000, Sigma-Aldrich), and MVD (1:1000,
Sigma-Aldrich).

3. Results

3.1. Clinical Characteristics of Recruited Patients.
Retrospective clinical data of 120 patients were collected
from the database of Shanghai Longhua Hospital. The age of
recruited patients fell between 28 and 70, and median is 48
years of age. There are 92 male patients and 28 female
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patients, and 70% of them were type hepatitis B, 10% were
hepatitis C, and the remaining were undetermined hepatitis.
BCLC staging differentiate 15% as B (mid) stage and 85% as
C (late) stage. Around 62% patients manifested with vascular
invasion, and 30% presented extrahepatic metastasis. Those
120 patients were stratified based on baseline characteristics
and allocated into three study groups randomly, ensuring
each clinical characteristic were evenly distributed within the
same group. There were 40 patients receiving single treat-
ment of regorafenib (REG) as second-line treatment and the
other 40 received combined therapies of regorafenib and
DSS-spleen tonics (REG-DSS). BCLC staging, ECOG per-
formance status, Child-Pugh class, histological, and radio-
logical assessments were used to characterize tumor status.
Tumor biomarker AFP, AFP-L3, a-L fucosidase, and ab-
normal prothrombin were collected to assist the definition of
tumor progression or recession. Survival time and follow up
were documented to analyze the survival rate. Overall
survival was used to measure the efficacy, which was defined
as the date of diagnosis as B/C stage HCC and the end date of
follow up or death. Baseline characteristics were summa-
rized in Table 1, and the adverse events during the treatment
cycles were recorded in Table 2.

Most patients had Child-Pugh class A cirrhosis, and 63%
of the patients were classified as BCLC staged B, and rest of
them were stage C at baseline. Diarrhea, fatigue, palmar-
plantar erythrodysesthesia, elevated aspartate aminotrans-
ferase, decreased appetite, and hypertension were the most
common adverse events (AE) (Table 2). In REG group, 32
patients required dose modifications, with manifestation of
palmar-plantar erythrodysesthesia, decreased appetite, fa-
tigue, and elevated AST (Aspartate aminotransferase). In
REG-DSS group, 34 patients had reduced dose of both REG
and DSS, the most common clinical manifestation for dose
modification are fatigue, decreased appetite, palmar-plantar
erythrodysesthesia, and elevated AST.

During treatment cycles, both groups did not show
significant difference in occurrence of AE, nor did they
present difference in the distribution of AEs, indicating that
DSS may not alter the safety profile of regorafenib (Table 2).
Note worthily, the incidence of palmar-plantar eryth-
rodysesthesia is slightly reduced in DSS group, implying
protective effect of DSS.

Overall, the median Time to Progression (TTP; time
from randomization to objective tumor progression), pro-
gression-free survival (PFS; time from randomization to first
occurrence of disease progression or death from any cause)
and overall survival in the totally 120 patients were 7.1
months (95% CI 3.5-9.8), 7.1 months (95% CI 3.5-9.8), and
17.6 months (95% CI 11.5-22.8), respectively. We next
sought to examine how the treatment duration would im-
pact the efficacy. Each treatment group was further divided
into two groups based on treatment duration, respectively.
The cutoff treatment duration was 4.2 months. The patients
with treatment duration longer than 4.2 months had sig-
nificantly longer TTP and PFS than those with treatment
duration below 4.2 months, 7.6 months (95% CI 6.6-8.5) vs.
4.3 months (95% CI 2.0-6.5) (Table 3). Within REG group,
patients with treatment duration longer than 4.2 months had

TaBLE 1: Baseline characteristics of patients with hepatocellular
carcinoma (n =120).

Characteristics # of patients
Gender

Female 28

Male 92
Age, median, years (range) 48 (28-70)
HBV-positive 84 (70%)
HCV-positive 12 (10%)
Alcohol abuse 18 (15%)
ECOG-PS, <1 120 (100%)
Child-pugh score

5 56 (46.7%)

6 42 (35%)

7 15 (12.5%)
Vascular invasion 74 (62%)
Extrahepatic metastasis 36 (30%)
BCLC stage

B 18 (15%)

C 102 (85%)
AFP

<400 ng/mL 93 (77.5)

>400 ng/mL 27 (22.5%)

Safety of regorafenib and combined therapy with DSS.

TaBLE 2: Adverse events.

REG IEZSC; p-value
Diarrhea 28 30
Fatigue 30 33
Palmar-plantar erythrodysesthesia 40 32
Eleyated serum aspartate )8 27
aminotransferase
Elevated serum blood bilirubin 8 9 0.9983
Elevated serum amylase 9 10 ’
Hypoalbuminemia 18 16
Hypertension 25 28
Erythema multiforme 19 21
Anemia 16 17
Decreased platelet count 10 11

Combined therapy of Regorafenib with DSS-spleen tonics achieved better
efficacy in mid-/late-stage HCC.

significantly longer TTP and PFS than those with treatment
duration below 4.2 months, 7.1 (95% CI 5.8-8.6) vs. 3.7
months (95% CI 2.5-4.8); Within REG-DSS group, patients
with treatment duration longer than 4.2 months had sig-
nificantly longer TTP and PFES than those with treatment
duration below 4.2 months, 7.9 (95% CI 6.8-8.9) vs. 4.6
months (95% CI 3.2-6.2). Compared with REG group, REG-
DSS group has slightly longer TTP (6.8 vs. 7.3, Table 3),
indicating that DSS might potentiate the antitumor effect of
regorafenib. During the observation period, 18 patients died
and the median overall survival (OS; time from randomi-
zation to death from any cause) for the total 120 patients
were 18.8 (95% CI 12.6-20.5) months. DSS group demon-
strated slightly longer median OS than REG group, sug-
gesting DSS may enhance the efficacy of regorafenib
(Table 3).
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TaBLE 3: PFS, TTP, and OS of REG and REG-DSS group patients.

Group TTP (95% CI) PES (95% CI) OS (95% CI)
REG 6.8 (3.5-9.7) 6.8 (3.5-9.7)

Treatment >4.2 m 7.1 (5.8-8.6) 7.1 (5.8-8.6) 17.2 (11.5-22.8)
Treatment <4.2m 3.7 (2.5-4.8) 3.7 (2.5-4.8)

REG-DSS 7.3 (4.2-9.9) 7.3 (4.2-9.9)

Treatment >4.2m 7.9 (6.8-8.9) 7.9 (6.8-8.9) 18.2 (12.6-23.4)
Treatment <4.2m 4.6 (3.2-6.2) 4.6 (3.2-6.2)

Overall 7.1 (3.9-9.8) 7.1 (3.9-9.8)

Treatment >4.2 m 7.6 (6.6-8.5) 7.6 (6.6-8.5) 17.6 (11.5-22.8)
Treatment <4.2m 4.3 (2.0-6.5) 4.3 (2.0-6.5)

DSS-spleen tonics had synergistic antitumor efficacy with Regorafenib in HCCLM3 cell line.

Given the retrospective results of above observation, we
next sought to examine the effect of DSS-spleen tonics in
human hepatocellular carcinoma cell line. HCCLM3 was
employed for cellular study by the courtesy of Institute of
Cancer Research, Fudan University Affiliated Zhongshan
Hospital. HCCLM3 cell lines were cultured in regorafenib
and/or DSS-spleen tonics. Cell proliferation was evaluated
by MTT assay at 24, 48, and 72 hours posttreatment. As
shown in Figure 1(a), the overall cell count began to dif-
ferentiate after 24 hours, where combined use of DSS and
regorafenib showed inhibited cell growth than regorafenib
alone. All treatments have slower cell proliferation than
control. In Transwell assay, the inhibitory effect of regor-
afenib presents correlation with the administrated con-
centration, and control has the most infiltrated cells
(Figure 1(b)). Similarly, cotreatment of DSS-spleen tonics
showed enhanced antitumor effect on cell invasion
(Figure 1(b)).

DSS-spleen tonics had synergistic antitumor efficacy
with regorafenib in human HCCLM3 xenograft nude mice
model.

We established an HCC model by injecting HCCLM3
cells into healthy male athymic BALB/c (nu/nu) nude mice
and transplanting the developed tumor into the liver of a
new nude mice. A total of 40 xenograft nude mice model
were evenly randomized into four groups and treated with
the following drugs: DSS-spleen tonics (group A), regor-
afenib (group B), DSS-spleen tonics + Reorafenib (group C),
and saline control (group D). The weight of mice and the size
of subcutaneous tumor were measured daily to assess the
efficacy of treatments. Before treatment, the mean body
weight of group A, group B, group C and control were
178+0.79g, 17.9+0.88g, 17.8+0.79g, and 18.7+0.74g.
After treatment, the mean body weight of group A, group B,
group C, and control were 21.94+1.11g, 21.63+1.00g,
25.67 £0.87 g and 20.64 + 1.07 g (Tables 4 and 5). The body
weight increase of group C is more significant than group A
and group B (Figure 2(a)).

Mice in the experimental groups presented better mental
status than the control. One week posttreatment, each group
has a mouse displaying subcutaneous metastatic mass, in
which the group C mouse undergone decreasing size of
metastatic mass and the mass disappeared. The other groups
undergone decreasing size of tumor as well, and the tumor
size were eventually maintained at a small level but never

disappeared (Figure 2(b)). As shown in Table 4, the tumor
weight of groups A, B, C, and D (control) were 2.66 + 0.32 g,
2.54+0.41g, 0.95+0.61g, and 3.69+0.34g Lung tissue
were obtained to evaluate the lung metastasis of HCC mice
model. We found that group C demonstrated markedly less
mass in the lung (Figure 2(c)).

Lung tissues were obtained from the mice model. His-
tological assay showed that all experimental groups did not
have metastasis compared to lung metastasis in control
group (Figure 2(d)). Taken together, these results suggest
that combined use of DSS-spleen tonics and regorafenib
could significantly improve the efficacy of regorafenib.

After cell line and in vivo validation of the antitumor
effect of DSS-spleen tonics, we next investigate the under-
lying molecular mechanism. We performed immuno-
chemistry histology assay of the tumors obtained from
xenograft. Interestingly, the vascular endothelial growth
factor (VEGF), HIF-1a (Hypoxia Inducible Factor-1), mi-
crovascular decompression (MVD), and vascular endothe-
lial growth factor-2 (VEGF-2) were all underexpressed in
group A, B, and C, compared with control suggesting that
DSS-spleen tonics and Regorafenib share the same target in
HCC xenograft model (Figure 3(a)). RT-qPCR and Western
blot were then used to validate the regulation of DSS-spleen
tonics on expression of VEGF, HIF-1a, VEGF2, and MVD.
As shown in Figure 3(b), the expression of these molecules
were significantly reduced in the experimental groups, and
combined use of DSS-spleen tonics and Regorafenib dem-
onstrated the most significant decrease at both transcrip-
tional and translational levels, suggesting that DSS-spleen
tonics has synergistic anti-tumor effect with Regorafenib.

4. Discussion

Liver cancer ranks fourth in the most common causes of
cancer-related death and have high incidence worldwide.
World Health Organization estimates the mortality due to
liver cancer will reached 1 million in 2030 as per the current
annual projections [17]. Hepatocellular carcinoma (HCC) is
a major type of liver cancer that originates from hepatitis B
or C virus (HBV or HCV) infection, alcohol abuse, or even
NAFLD [18]. Mid/late stage HCC are not subject to or recur
from resection, ablation or any other forms of surgery, and
systemic therapies are recommended for these patients [19].
Surgery approaches, such as radiofrequency ablation, liver
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FIGURE 1: Cell viability and Transwell assay of HCCLM3 cells treated with regorafenib and/or DSS-splenic tonics. (a) MTT assay result,
absorbance at 570 nm at 24 h, 48 h and 72 h posttreatment; (b) Transwell invasion assay were subjected to detect the migration and invasion

capacity of HCCLM3 cells treated with regorafenib and/or DSS.

TaBLE 4: Weight changes of 40 HCCLM3 xenograft nude mice model.

Litter
Group

1 2 3 4 5 6 7 8 9 10

DSS Week 0 18 17 18 17 18 17 19 19 17 18
Week 4 22.5 21.2 22 20.5 22.2 21.8 23.5 23.1 20 22.6

REG Week 0 17 17 18 17 19 18 19 19 17 18
Week 4 20.6 21 21.7 20.5 22.8 21.5 23 22.9 20.5 21.8

Week 0 17 17 17 17 18 18 18 19 18 19

REG-DSS Week 4 24.5 25 25.2 24.6 25.9 25.8 25.6 27 26.2 26.9

Blank Week 0 18 18 18 17 19 17 19 19 18 18
Week 4 21 20.2 20.5 19.2 22 19 21.5 22 20 20.8
TABLE 5: Mean weight at Week 4. paradigms [20]. HCC progresses fast and is often refractory
- to many chemotherapeutic drugs. Sorafenib has been rec-
Group Mean SD 95% CI ommended as the standard of care first line therapy in
DSS 22.06 0.11 21.84-22.83 China, with its safety and modest efficacy been validated in
e 21.63 0.11 21.41-21.85 Asian-Pacific populations [12, 21]. Among many other failed
REG-DSS 25.79 0.11 25.57-26.01 attempts to achieve better survival, such as erlotinib, ever-

Blank 20.38 0.11 20.16-20.61 P ’ ’

transplantation, and resection are only effective for non-
metastatic patients with tumor node less than 3 cm, and the
recurrence reached 70%, which entails multiple therapeutic

olimus, brivanib, sunitinib, and doxorubicin. Regorafenib
was shown to extend the survivals from 7.8 to 10.6 months
for patients tolerant with sorafenib, and thus becomes FDA-
approved second-line treatment [22, 23]. However, the
benefit of regorafenib in HCC is still limited, and long-term
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FIGURE 2: Synergistic effect of combining regorafenib and DSS-splenic tonics. (a). Weight change of HCCLM3 xenograft nude mice model
treated with regorafenib (a), DSS-splenic tonics (b), Regorafenib + DSS-splenic tonics (c) and control; (b). Changes of subcutaneous tumor
of HCCLM3 xenograft nude mice model treated with regorafenib and/or DSS-splenic tonics; (c). Size of primary tumor of HCCLM3
xenograft nude mice model treated with regorafenib and/or DSS-splenic tonics; (d) Lung metastasis of HCCLM3 xenograft nude mice
model treated with regorafenib (REG), DSS-splenic tonics (DSS), Regorafenib + DSS-splenic tonics (REG-DSS) and control. DSS-spleen

tonics downregulates VEGF, HIF-1a, VEGF-2 and MVD.

exposure to regorafenib or sorafenib could lead to drug
tolerance and subsequent progression.

Recently, various cancer therapies have been developed
and testing in human and number of studies of Traditional
Chinese medicine (TCM) in cancer has increased rapidly.
Traditional Chinese herbal medicines demonstrated antag-
onistic effect against various cancers, such as colorectal
cancer, gastric cancer, and HCC [24-27]. The most sought-
after extract of TCM is resveratrol derived from mulberries,
peanuts, and grapes, which exhibit inhibitory effect on
cancer stem cells of HCC [28]. Gao et al. revealed that
resveratrol suppresses human HCC via HGF-c-Met

signaling pathway [29]. Marquardt et al. identified that
curcumin, an extract from ginger, impaired the oncogenic
NF-«B signaling and suppress stemness of liver cancer [30].
Chung et al. showed that curcumin and epigallocatechin
gallate could restrain STAT3-NFxB signaling pathway
thereby hampering the development of cancer stem cell
phenotypes [31]. However, the combined therapy inte-
grating TCM and target therapeutic drugs in HCC pop-
ulation is still lacking.

This study evaluates the effect of DSS-spleen tonics in
mid/late-stage HCC patients treated with regorafenib. In the
120 recruited patients, we did not observe significant
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FIGURE 3: Immunohistochemistry staining (a), western blot (b) and mRNA quantification (c) of tumors obtained from xenograft mice

model treated with regorafenib, DSS-splenic tonics, Regorafenib + DSS-splenic tonics and control.

alteration in safety profile in the group coadministered with
DSS-spleen tonics, yet it slightly reduced the incidence of
palmar-plantar erythrodysesthesia, the major AE of regor-
afenib. Regarding the efficacy of DSS-spleen tonics, the TTP
was extended slightly but significantly in patients coad-
ministered with regorafenib and DSS-spleen tonics. Com-
pared with patients treated with regorafenib, the median
overall survival in DSS group is also longer than REG group.
We further validated the antitumor effect of DSS-spleen
tonics in HCC cell line HCCLM3 cells and HCCLM3 xe-
nograft mouse model as well. We observed the cell prolif-
eration and invasion were both inhibited by DSS-spleen
tonics, and the tumor volume and weight of the mouse
model treated with DSS-spleen tonics were decreased. To-
gether, these results demonstrated that DSS-spleen tonics
could exert moderate suppressive effect on HCC.

Hypoxia-inducible factor-loe was reported to trans-
activate the VEGF and matrix metalloproteinase-2 (MMP-
2), both of which are usually upregulated in a variety of
cancers and are key regulator in angiogenesis [32]. The
expression of VEGF is highly correlated with Hypoxia-In-
ducible Factor-1 « (HIF-la), MMP-2 and microvessel
density (MVD) [33].

At molecular level, we discovered that VEGF, HIF-1a,
VEGE-2, and MVD were both downregulated by DSS-spleen

tonics and regorafenib in HCCLM3 cell line, and cotreat-
ment of both could enhance the effect of single treatment.
These results suggest that DSS-spleen tonics function syn-
ergistically with regorafenib in HCC by enhancing the
regulation of regorafenib on VEGF, MMP-2, HIF-1a, and
MVD, and may diminish angiogenesis during HCC pro-
gression. In the future, we will pay more attention to ex-
ploring the mechanism of inhibiting tumor growth [34, 35].
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