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Aim: Angiogenesis plays an important role in the initiation, development, and metastasis of malignant tumors. Antiangiogenic drugs combined with immune therapy are considered to have a synergistic effect on anti-tumor strategy. Weichang’an formula (WCAF) is a prescription of traditional Chinese medicine (TCM) based on pharmaceutical screening and clinical experience. The aim of this study is to examine the effect of WCAF and its combined action with Bevacizumab (BEV) in colorectal cancer, and to identify the possible mechanism of action.
Methods: A human colon cancer cell (HCT 116) subcutaneous xenograft model was established in BALB/c-nu/nu mice. Tumor-bearing mice were randomized into each of four groups: control, WCAF treated, BEV treated, and WCAF plus BEV treated. Apoptosis was detected by TUNEL assay. Western blot was used to assess the protein levels of Leptin-R, STAT3, p-STAT3, BCL-2, and VEGFR-1. Immunohistochemistry was used to detect the micro-vessel density (MVD) and AKT1. Leptin and Vascular endothelial growth factor A (VEGF-A) mRNA expression were detected by Real-time PCR (RT-PCR). A network pharmacology study and validation assay were carried out to find the underlying molecular targets of WCAF related to immune regulation.
Results: Compared with the control group, WCAF reduced tumor weight and volume, as well as promoted tumor cell apoptosis. WCAF treatment decreased the mRNA expression of Leptin and VEGF-A, while the protein levels of CD31, LEP-R, VEGFR-1, STAT3, and p-STAT3 were decreased in tumor tissues. In addition, VEGFR-1 protein expression was decreased in the WCAF group and the WCAF plus BEV group but not in the BEV group. The combination of WCAF and BEV demonstrated a partial additive anti-tumor effect in vivo. The pharmacological network also found there are 26 WCAF target proteins related to cancer immune and 12 cancer immune related pathways. The AKT1 protein expression in the WCAF and WCAF + BEV groups were significantly lower than the that in the control group (p < 0.01).
Conclusion: WCAF can inhibit tumor growth and promote apoptosis and inhibit tumor angiogenesis in subcutaneous xenografts of human colon cancer HCT-116 in nude mice. WCAF also makes up for the deficiency of BEV by inhibiting VEGFR-1. The VEGFR-1 expression between the combination group and BEV alone achieved statistically significant difference (p < 0.01). Combined with BEV, WCAF showed a partial additive anti-tumor effect. The mechanism may be related to Leptin/STAT3 signal transduction, VEGF-A, VEGFR-1 and WCAF target proteins related to cancer immune such as leptin and AKT1.
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INTRODUCTION
Colorectal cancer is one of the most common malignant tumors of the digestive system. It is the third most common cancer globally in men and the second most common cancer in women. Its mortality ranks fourth globally in men and third in women. Angiogenesis plays an important role in the initiation, development, and metastasis of malignant tumors (Voest and D'Amore, 2001). Inhibition of angiogenesis has been shown to be beneficial in colon cancer (Gerger et al., 2011). Vascular endothelial growth factor A (VEGF-A) is one of the major regulatory factors of tumor angiogenesis. Circulating VEGF-A binds to VEGF-receptors 1 and 2 (VEGFR-1 and VEGFR-2), stimulating the recruitment and proliferation of endothelial cells. Drugs that can inhibit VEGF production or block signaling of its receptor have shown a significant inhibitory effect on tumor growth, (Kim et al., 1993; Benjamin et al., 1999; Malonne et al., 1999). Bevacizumab (BEV), a recombinant human monoclonal antibody that binds and neutralizes circulating VEGF, has shown positive results when used in conjunction with other therapies in advanced colorectal cancer patients (Wolpin and Mayer, 2008). Combined with the first-line oxaliplatin chemotherapy, BEV significantly prolonged median progression-free survival (PFS) from 8.0 to 9.4 months in metastatic colorectal cancer. The median overall survival (OS) was also 1.4 months longer in the BEV group than in the placebo group (Saltz et al., 2008). In China, it is quite common that many colorectal cancer patients applied traditional Chinese medicine (TCM) when they are prescribed by anti-angiogenic therapy, but there are few studies on the combined application of anti-angiogenesis and TCM. According to TCM theory, Spleen Deficiency and heat-toxicity always exist in patients with digestive tract tumors (Lu and Shen, 2015). Weichang’an formula (WCAF) is a Chinese herbal formula prescribed by practitioners of TCM based on pharmaceutical screening and clinical experience. WCAF is mainly composed of some heat-clearing and toxicity-removing herbs and a classical formula (SiJunZiTang), which can nourish the Spleen. Previous clinical studies have shown that WCAF can reduce the recurrence and metastatic rate of colorectal and gastric cancer (Gu et al., 2006; Shen and Pan 2007). Studies have also shown that WCAF can inhibit the growth and liver metastasis of human colorectal cancer in nude mice, suppress tumor angiogenesis, and downregulate phosphorylation of signal transducer and activator of transcription 3 (STAT3) in gastric cancer cells (Zhao et al., 2007; Pan et al., 2009; Zhou and Shen, 2009; Tao et al., 2013).
In our previous study, we used subcutaneous models to investigate the effects of WCAF on gastric cancer, and we demonstrated that WCAF could inhibit colon cancer growth and liver metastasis in nude mice (Shen et al., 2012). Our in vitro study showed WCAF could inhibit leptin-stimulated proliferation and VEGF secretion of colon cancer HT-29 cells (Kong et al., 2019). In this study, we addressed the effects of WCAF on the growth, apoptosis, and angiogenesis of colorectal cancer by establishing a xenograft model of human colorectal cancer HCT-116 in nude mice. A network pharmacology study and validation assay were carried out to find the underlying molecular targets of WCAF related to immune regulation. We illustrated the mechanism of WCAF and discovered that its anti-tumor activity in colorectal cancer is mediated by Leptin/STAT3/VEGF signaling and its interaction with the anti-angiogenic agent BEV.
MATERIALS AND METHODS
Materials
Fetal bovine serum, Dulbecco’s modified Eagle’s medium, penicillin, and streptomycin were purchased from Gibco (Shanghai, China). The following antibodies were used: STAT3 (79D7) Rabbit mAb (4904s), Phospho-STAT3 (Tyr705) antibody (Cell Signaling Technology, Shanghai, China, 9132s), anti-VEGF Receptor 1 antibody (ab32152), mouse VEGF-A Platinum ELISA Kit (BMS619/2), mouse Leptin ELISA Kit (ab100718), anti-Leptin Receptor antibody (Abcam, ab177469), anti-BCL-2 antibody (ab182858), and anti-CD31 antibody (Abcam, Shanghai, China, ab124432), anti-AKT1 antibody(Abcam, b59380). anti-FGF2 antibody(sc-74412). Methanol and acetonitrile (HPLC grade) were supplied by Fisher Scientific Co. (Santa Clara, United States). HPLC grade water (418 mΩ) was purified by a Milli-Q water purification system (Millipore, Milford, MA, United States). BEV was purchased from the Fudan University Affiliated Tumor Hospital. Tumor-bearing nude mice were treated with a dose of 10 mg/kg/m2. The concentration of BEV was adjusted to 1 mg/ml using 90% physiological saline.
Preparation of Weichang’An Formula
WCAF is composed of Taizishen (Pseudostellaria heterophylla (Miq.) Pax), Baishu (Atractylodes macrocephala Koidz), Fuling (Wolfiporia cocos), Daxueteng (Sargentodoxa cuneata (Oliv.) Rehder and E.H.Wilson), Tengligen (Actinidia arguta (Siebold and Zucc.) Planch. ex Miq. [Actinidiaceae]), Baqia (Smilax china L), Chenpi (Citrus × aurantium L), and Xiakucao (Prunella vulgaris L). These herbs were purchased from the Longhua Hospital Affiliated Shanghai University of TCM (Shanghai, China). All of them were identified by Dr. Tao Yang, according to the Pharmacopoeia of the People’s Republic of China (2015). Their voucher specimens were deposited at Longhua Hospital (Shanghai, China). The following components were combined as follows: Taizishen (Pseudostellariae Radix) 24 g, Baishu (Atractylodis macrocephala rhizome) 24 g, Fuling (Poria) 60 g, Daxueteng (Sargentodoxae caulis) 60 g, Baqia (Smilax china rhizoma) 60 g, Xiakucao (Prunella spica) 18 g, and Chenpi (Citri reticulatae pericarpium) and other crude herbs 155 g. Ten volumes of water were then added to the herb mix and soaked for 60 min. This mixture was decocted twice, once for 3 h, and then again for 2 h. The decoctions were then combined and concentrated under reduced pressure at 60 ± 2°C (1 g extract contained 6.79 g of herbal mixtures). Quality control analysis of WCAF was carried out using ultra-high performance liquid chromatography-mass spectrometry (UHPLC-Q/Exactive). The analyses were carried out with a UHPLC-Q/Exactive system (Thermo Fisher, San Jose, CA, United States) coupled with an autosampler, a quaternary gradient pump, and a quadrupole/electrostatic field orbitrap high-resolution mass spectrometry detector. The components were eluted using a gradient system consisting of aqueous 0.1% formic acid (I) and acetonitrile (II) (0–2 min, 2% II; 2–12 min, 2–45% II). Other components, including rosmarinic acid, hesperidin, chlorogenic acid, salidroside, and gallic acid, were also detected using UHPLC-Q/Exactive mass spectrometry and were present in the extracts in the amounts of 0.6824, 1.9084, 7.3586, 0.1884, and 0.1000 µg/g, respectively (Figure 1). The chromatographic proﬁle of the extracts and the compounds of the chromatographic profile of WCAF extracts were shown in Supplementary Data Sheet 1.
[image: Figure 1]FIGURE 1 | Total-ion chromatograms of standard and sample by UHPLC- Q/Exactive. (A) The mix standard solution. (B) The chromatographic profile of WCAF extracts [Stationary phase: Waters Acquity HSS T3 (100 × 2.1 mm, 1.8 μm); mobile phase: aqueous 0.1% formic acid (I) and acetonitrile (II) (0–2 min, 2%II; 2–12 min, 2–-45%II)].
Animal Models
Cell Culture
The human colon adenocarcinoma cell line HCT-116 was purchased from the Chinese Academy of Sciences cell bank and cultured in Dulbecco’s modified Eagle’s medium supplemented with 10% Fetal bovine serum and 1% penicillin/streptomycin. Cells were cultured in a humidified incubator with 5% CO2 at 37°C. Cells in the logarithmic growth phase were used for experiments, and the cell concentration was adjusted with PBS to 1.5 × 107 cells/ml.
Tumor Xenograft in Nude Mice
This study was conducted in accordance with the principles of the Basel Declaration and guidelines developed by the Canadian Council on Animal Care. All of the protocols were approved by the Animal Care and Use Committee of the Shanghai University of TCM (Grant no. PZSHUTCM18111401). Four-week-old (weight: 9–13 g) male BALB/c nude mice were kept under pathogen-free conditions and a 12 h light-dark cycle. Mice were given free access to sterile food and water. HCT-116 cells (1.5 × 107 cells/ml) were injected subcutaneously (s.c.) into the right forelimb near the axillary posterior scapular. Tumors became palpable 10 days after implantation. Animals with estimated mean tumor volumes of 80 to 200 mm3 were allocated to the control (n = 11), WCAF (n = 12), BEV (n = 12), and combination (n = 12) groups with almost equal mean tumor sizes and standard error. The experimenters were blinded to the details of an investigational treatment, data processing, and exclusionary decisions. The control group was treated with 0.2 ml of distilled water daily (by oral gavage) and 0.2 ml of physiological saline weekly intraperitoneally (i.p.). The WCAF group was treated daily with 0.368 g/ml WCAF by oral gavage, while the BEV group was treated weekly with 0.2 mg BEV (i.p.). The combination group received 0.368 g/ml of WCAF daily (by oral gavage) and 0.2 mg of BEV weekly (i.p.). Physiological saline (90%) was used as a diluent. After 6 weeks of treatment, when tumors reached ≥10% of their total body weight, all of the mice were euthanized by CO2 asphyxiation, and the tumors were excised. Tumors were then portioned for formalin fixation and paraffin embedment, and also for flash freezing and storage at −70°C.
Tumor Measurement and Observation
The maximum diameter (a) and width (b) of the tumors in each group were measured with a Vernier caliper every seven days. Tumor volume (V) was calculated according to the formula, V = ab2/2. Tumor growth inhibition by drug treatment was estimated according to the following formula: tumor inhibition rate (%) = (1—mean tumor weight in treatment group/mean tumor weight in control group) × 100%. After 6 weeks of treatment, the animals were euthanized by cervical spine dislocation, and the tumors were weighed using an electronic platform scale.
Detection of in situ Cell Death by Terminal Deoxynucleotidyl Transferase-Mediated dUTP Nick-End Labeling
Apoptotic cells in paraffin sections of HCT-116 xenograft tumors were identified by the Terminal Deoxynucleotidyl Transferase-Mediated dUTP Nick-End Labeling (TUNEL) assay with the use of an apoptosis detection kit (In Situ Cell apoptosis Detection Kit, iPod; Boster, MK1020) according to the manufacturer’s instructions. The apoptotic cells were observed under a high power microscope. Five fields were randomly selected to count the number of apoptotic cells. Apoptosis rate = (TUNEL–positive cells/total cells) × 100%.
Immunohistochemistry
Excised tumors were fixed, embedded, sectioned, and dewaxed. Antigen retrieval was then carried out using citric acid at high temperature. The sections were washed with PBS, incubated with an anti-CD31 antibody(1:400) anti-AKT1 antibody (1:25)and anti-FGF2 antibody (1:50)overnight, and they were then washed and incubated with a corresponding HRP-labelled secondary antibody at 37°C for 20–30 min. The sections were then rinsed with PBS, developed using DAB, and counterstained with hematoxylin and dehydrated. The CD31 protein expression in tissue sections was then evaluated using an optical inversion microscope (×400). Microvessels were evaluated by counting any positively stained endothelial cells or endothelial cell clusters in five areas with the highest vascular density. The mean number of microvessels in each field was regarded as the level of microvascular density (MVD). The expression levels of Protein kinase B(AKT1) and fibroblast growth factor 2(FGF-2) was semi quantitatively analyzed by image J.
Immunoblot Analysis
The protein levels of Leptin-R, VEGFR-1, STAT3, p-STAT3, and BCL-2 after drug treatments were evaluated using Western immunoblotting. The total protein was extracted from the tumor tissues, and the total protein concentration was detected by the BCA Protein Concentration Assay Kit. Proteins were separated using SDS-PAGE and transferred to PVDF membranes. The membranes were blocked in 5% bovine serum albumin (BSA) for 2 h and then washed with TBST three times, each for 5 min on a shaker. The primary antibodies used were Leptin-R (Abcam 1:2000), STAT3 (CST 1:2,000), p-STAT3 (CST 1:1,000), BCL-2 (Abcam 1:2,000), VEGFR-1 (Abcam 1:2,000), and β-actin (Abcam 1:2,000). After incubation overnight at 4°C with primary antibodies, the membranes were washed with TBST and then incubated with one of the following secondary antibodies at room temperature for 1 h: HRP-labeled goat anti-rabbit secondary antibody (Jackson 1: 2,000) or HRP-labeled goat anti-mouse secondary antibody (Jackson 1:2,000). The immunoblots were then visualized using enhanced chemiluminescence (ECL) reagents and exposed to X-ray film. The membranes were subsequently re-probed with anti-β-actin antibody. Western blots were performed according to the manufacturer’s instructions with standards run in triplicate. The gray values of the immunoblots were semi-quantitatively determined by image analysis.
Real-Time PCR
At the end of treatment, the mice were euthanized, and tumor samples were frozen in liquid nitrogen and stored at −80°C. The gene levels of Leptin and VEGF-A after drug treatments were evaluated using RT-PCR. RNA was isolated using TRIzol, and then the concentration and RNA quality were measured. Based on the sequence of the target gene in the Gene Bank database, the primers were designed using Primer Express Software v2.0 and synthesized by the Beijing Genomics institution. The sequences of the primers used for PCR were Leptin GGA​TGA​CAC​CAA​AAC​CCT​CA (FP), Leptin CAG​GAA​TGA​AGT​CCA​AGC​CA (RP), VEGF-A ATC​TTC​AAG​CCG​TCC​TGT​GT (FP), VEGF-A AGG​TTT​GAT​CCG​CAT​GAT​CT (RP), mGAPDH GGC​AAA​TTC​AAC​GGC​ACA​GT (FP), and mGAPDH ACG​ACA​TAC​TCA​GCA​CCG​GC (RP). RT-PCRs were performed in triplicate for each sample.
Network Pharmacology
The compounds of the herbs identified in WCAF were obtained from the TCM systems pharmacology database and analysis platform (TCMSP, http://lsp.nwu.edu.cn/browse.php?qc=herbs). ADME (absorption, distribution, metabolism, and excretion) parameters were used to screen out the possible drug molecules, and ADME data came from tcmsp database. The common screening crite-ria are oral bioavailability (OB) ≥30% and drug-likeness (DL) ≥0.18. The TCMSP and BATMAN (http://bionet.ncpsb.org/batman-tcm/) databases were selected to predict the target proteins for WCAF. bioactive ingredients.
In order to search the genes related to clone cancer in the Comparative Toxicogenomics Database (CTD) (http://ctdbase.org/), the “clone cancer” “Colonic Neoplasms” were used as key words, and ranking was conducted based on the inference score (Barabasi and Albert, 1999; Hua and Shoudan, 2009).Target proteins with scores >20,which were also target proteins predicted in the previous step, were identified in order to narrow the range of target proteins.Inference scores were calculated using the logarithmic transformation products of two common neighborhood statistics and then used to evaluate the functional correlation.between proteins in protein-protein interaction (PPI) networks.
Go (Gene ontology) function network analysis of target protein was performed using Cytoscape plugins cluego + cluepedia (Bindea et al., 2009), the significance threshold is set as p.adjust ≤0.01. Each cluster selects more than 10 genes, and uses Cytoscape as the target function network diagram.
KEGG (Encyclopedia of Genes and Genomes) signaling pathway enrichment analysis of the target protein was carried out based on the R-package clusterprofiler The significance threshold was set as p ≤ 0.01, and the bubble chart was made for visualization.
We used string (version: 10.0, http://www.string-db.org/）database to analyze the PPI of mRNA. Select required confidence (combined score) > 0.4 as the threshold value of PPI relationship. Based on herbal medicine component target protein pathway data generated by previous steps, screening WCAF and cancer immune related pathway to build pharmacology network. pharmacological network was constructed by using Cytoscape.
Statistical Analysis
The collected data were analyzed using SPSS v.17 (SPSS Inc., Chicago, IL, United States). In this study, the data were continuously measured using a 2 × 2 factorial design. If there were interactions, we analyzed individual effects. If there were no interactions, we analyzed the main effect. Data with normal distribution are presented as mean ± standard deviation (mean ± SD), using one-way analysis of variance (ANOVA) followed by a post-hoc least significant difference (LSD) to compare the effect of the mean difference. Prior to analyses, variables were tested for normality using the Shapiro-Wilk test for homogeneity of variances with Levene’s test. Data without normal distribution are presented as mean ± (lower quartile – upper quartile), and the mean difference in the effects was compared using the Kruskal-Wallis method. p < 0.05 was considered to be statistically significant.
RESULTS
Mice Body Weight
Mice body weight were monitored every 7 days. Mice body weight of treated groups showed a growth pattern that did not deviate significantly from those of the control group (Figure 2). There was a slight decline in the body weight of mice group treated with WCAF + BEV from week 1 to week 2; however, their body weight increased gradually from Week 2 to week 6. Those treated with WCAF alone demonstrated a slight decline in body weight from week 3 to week 4, then increased gradually from Week 4 to week 6.
[image: Figure 2]FIGURE 2 | mice body weight curve.
Effect of Weichang’an Formula on the Growth of Human Colon Cancer HCT-116 Xenografts in Nude Mice
Implanted tumors were monitored by gross observation and measurement of tumor volume every 7 days. The growth curves of tumor-bearing mice in each of the four groups showed that the tumor volume increased with time and that the tumor volumes were as follows: Control > WCAF > BEV > WCAF + BEV (Figure 3).
At the end of treatment, the tumor volume and tumor weight inhibition rate were calculated as follows: tumor volume inhibition rate = (control group tumor volume – drug group tumor volume)/control group tumor volume × 100%, and tumor weight inhibition rate = (control group tumor weight–drug group tumor weight)/control group tumor mass × 100%. The number of mice included in the statistical analysis was seven in the control group, 11 in the WCAF group, 11 in the BEV group, and 12 in the combination group. Four mice in the control group and one in the WCAF and BEV groups were excluded from the analysis due to tumor ulceration. The average volume and average weight of tumors in the WCAF, BEV, and combination groups were lower than those in the control group. The results showed enhanced tumor control with the combined application of TCM (WCAF) and western medicine (BEV). At week 6, The mean tumor volume in the control group was significantly different from the mean tumor volume in both the BEV (p < 0.05) and WCAF + BEV groups (p < 0.01),. The tumor weights of the BEV, WCAF, and the combination group were all significantly lower than that of the control group (p < 0.01). (Figures 4) The tumor inhibition rate of each group was 25.48% in the WCAF group, 28.06% in the BEV group, and 37.77% in the combination group (Table 1).
TABLE 1 | Tumor weight, volume, and inhibition rate based on drug treatment (mean ± SD).
[image: Table 1]Effect of Weichang’an Formula on Apoptosis and Angiogenesis of Human Colon Carcinoma HCT-116 Xenografts
TUNEL staining was used to detect the level of apoptosis in the control (3.4 ± 0.55%), WACF (8.8 ± 0.84%), BEV (8 ± 0.71%), and combination (9.2 ± 0.84%) groups. Statistical analysis showed that there was significantly more apoptosis in the WCAF, BEV, and combination groups in comparison to the control group (p < 0.01). The difference between the combination group and BEV alone was statistically significant (p < 0.05) (Figures 5A,C).
[image: Figure 3]FIGURE 3 | Tumor growth curves based on different treatments.*p < 0.05 vs. control group, **p < 0.01 vs. control group.
CD31 protein expression in tumor tissues was examined by Immunohistochemistry (IHC). CD31 protein positive expression was mainly located in the cytoplasm of vascular endothelial cells. CD31-positive vascular endothelial cells were counted to calculate the MVD. The MVD in each group was 66.4 ± 6.80 (control group), 36 ± 9.49 (WCAF group), 31.8 ± 3.35 (BEV group), and 20.4 ± 2.30 (WCAF + BEV group). The MVD in the WCAF, BEV, and WCAF + BEV groups was significantly lower than the MVD in the control group (p < 0.01). The difference on MVD between the combination group and BEV alone was statistically significant (p < 0.05) (Figures 5B,D).
Effect of Weichang’an Formula on Leptin, Leptin-R, STAT3, and p-STAT3 Expression in HCT-116 Xenografts in Nude Mice
RT-PCR was used to detect the transcription level of Leptin in the implanted tumors. All of the values were first compared to the internal parameter of ΔCt, and then the first sample in the BEV group was used to do the relative content = 2−ΔΔCt analysis. The relative content of Leptin mRNA in each group was as follows: 19.14 ± 11.12 (control group), 13.22 ± 9.52 (WCAF group), 7.13 ± 5.97 (BEV group), and 6.64 ± 5.36 (combination group). Leptin mRNA levels were significantly lower in the WCAF, BEV, and combination groups than in the control group (p < 0.05). There was no statistically difference on Leptin mRNA expression between the combination group and BEV alone (Figures 6A).
[image: Figure 4]FIGURE 4 | Tumor weight, volume, based on drug treatment at week 6. *p < 0.05 vs. control group, **p < 0.01 vs. control group.
The expression of Leptin-R, STAT3, and p-STAT3 in tumors was detected by Western blot analysis. Tumor Leptin-R levels were lower in the WCAF, BEV, and combination groups than in the control group. The ratio of Leptin-R to β-actin in the control group was 0.90 ± 0.12, 0.14 ± 0.10 in the WCAF group, 0.50 ± 0.38 in the BEV group, and 0.16 ± 0.07 in the combination group. Therefore, the ratio of Leptin-R/β-actin was significantly lower in the BEV, WCAF, and combination groups in comparison to the control group (p < 0.01). The ratio of Leptin-R/β-actin between the combination group and BEV alone achieved statistically significant difference (p < 0.01) (Figures 6B,C).
STAT3 and p-STAT3 levels in tumors from nude mice in the WCAF, BEV, and combination groups were significantly lower than the levels in the control group. The ratio of STAT3 to β-actin was 0.95 ± 0.25 in the control group, 0.51 ± 0.17 in the WCAF group, 0.65 ± 0.24 in the BEV group, and 0.18 ± 0.12 in the combination group. Therefore, the ratio of STAT3 to β-actin was significantly lower in the WCAF, BEV, and combination groups than in the control group (p < 0.01). The ratio of STAT3/β-actin between the combination group and BEV alone achieved statistically significant difference (p < 0.01).The ratio of p-STAT3 to β-actin was 0.71 ± 0.38 in the control group, 0.22 ± 0.10 in the WCAF group, 0.46 ± 0.29 in the BEV group, and 0.14 ± 0.09 in the combination group. Therefore, the ratio of p-STAT3 to β-actin was significantly lower in the WCAF, BEV, and combination groups than in the control group (p < 0.01). There was statistically difference on p-STAT3 protein expression between the combination group and BEV alone (p < 0.05).The ratio of p-STAT3/STAT3 was 0.86 ± 0.22 in the control group, 0.58 ± 0.35 in the WCAF group, 0.55 ± 0.39 in the BEV group, and 0.39 ± 0.29 in the combination group. Therefore, the ratio of p-STAT3/STAT3 was significantly lower in the combination group than in the control group (p < 0.05) (Figures 6B,D).
Effect of Weichang’an Formula on the Expression of VEGF-A, VEGFR-1, and BCL-2 in HCT-116 Xenografts in Nude Mice
RT-PCR method was used to detect the gene transcription level of VEGF-A in subcutaneous xenografts of nude mice. All of the values were first compared to the internal parameter of ΔCt, and then the first sample in the BEV group was used to do the relative content = 2−ΔΔCt analysis. The relative level of VEGF-A mRNA in each group was as follows: 1.32 ± 0.34 (control group), 0.86 ± 0.12 (WCAF group), 0.66 ± 0.68 (BEV group), and 0.64 ± 0.31 (combination group). The expression of VEGF-A mRNA was significantly lower in the WCAF, BEV, and WCAF + BEV groups than in the control group (p < 0.01). But there was no statistically difference on VEGF-A mRNA expression between the combination group and BEV alone (Figures 7A).
[image: Figure 5]FIGURE 5 | Effect of WCAF on apoptosis and angiogenesis in colon carcinoma. (A,C) Tumor apoptosis was assessed by TUNEL assay (×400), **p < 0.01 vs. control group. △P< 0.05 vs BEV group (B,D) Expression of CD31 protein in four subcutaneous xenografts in nude mice (immunohistochemical staining, ×400), **p < 0.01 vs. control group. △P< 0.05 vs BEV group.
The expression of BCL-2 and VEGFR-1 in the implanted tumors was detected by Western blot analysis. VEGFR-1 was significantly lower in the WCAF and the combination group in comparison to the control group. The ratio of VEGFR-1 to β-ACTIN in the control group was 0.50 ± 0.27, 0.26 ± 0.18 in the WCAF group, 0.91 ± 0.35 in the BEV group, and 0.12 ± 0.14 in the combination group. The results showed that the ratio of VEGFR-1 to β-ACTIN in the combination group was significantly lower than that in the control group (p < 0.01). The ratio of VEGFR-1/β-actin between the combination group and BEV alone achieved statistically significant difference (p < 0.01) (Figures 7B,C).
The expression of the BCL-2 protein was lower in the subcutaneous xenografts of the nude mice in the WCAF, BEV, and combination groups than in the control group. The ratio of BCL-2 to β-ACTIN was 0.42 ± 0.30 in the control group, 0.37 ± 0.18 in the WCAF group, 0.31 ± 0.14 in the BEV group, and 0.28 ± 0.05 in the combination group. While the differences were not statistically significant (p > 0.05), there was a decreasing trend in comparison to the control group (Figures 7B,D).
Gene Ontology and KEGG Pathway Analyses
GO functional analysis showed that a total of 67 GO function items were enriched, and that the GO function was divided into 12 categories based on the kappa coefficient (Figure 8). The GO functional net-work indicated that the 73 target proteins were enriched in 67 biological processes (Figure 9). The cross target gene was enriched by cluster profiler, and there were 134 significant pathways. Bubble chart shows pathways with p < 0.01 and number of enriched genes ≥0.05 (Figure 10). The enriched pathways include colorectal cancer pathway, human immunodeficiency virus 1 infection pathway, nonalcoholic fatty liver, proteoglycan in cancer and other pathways; immune related pathways include JAK-STAT signaling pathway, apoptosis, PI3K Akt signaling pathway and MAPK signaling pathway NF kappa B signaling pathway, T cell receptor signaling pathway and B cell receptor signaling pathway
[image: Figure 6]FIGURE 6 | Effect of WCAF on Leptin, Leptin-R, STAT3, and p-STAT3 expression. (A) RT-PCR analysis of Leptin mRNA expression. Data are presented as mean. *p < 0.05, △p < 0.01 compared with the control group. (B) Western blot analysis of the protein expression of LeptinR-1, STAT3, and p-STAT3. (C) Quantification of band intensities of Leptin-R. **p < 0.01 vs. control group. △△p < 0.01 vs. BEV group. (D) Quantification of band intensities of STAT3, p-STAT3, and p-STAT3/STAT3. *p < 0.05 vs. control group, **p < 0.01vs. control group. △P< 0.05 vs BEV group.△△p < 0.01 vs. BEV group.
[image: Figure 7]FIGURE 7 | Effect of WCAF on the expression of VEGF-A, VEGFR-1, and BCL-2. (A) RT-PCR analysis of VEGF-A mRNA expression. **p < 0.01 vs. control group. (B) Western blot analysis of the protein expression of VEGFR-1 and BCL-2. (C) Quantification of band intensities of VEGFR-1 expression.**p < 0.01 vs. control group. △△p < 0.01 vs. BEV group.(D) Quantification of band intensities of BCL-2 expression. **p < 0.01 vs. control group.
[image: Figure 8]FIGURE 8 | The results of gene ontology (GO) functional analyses: (A) histogram; (B) pie chart.∗∗p < 0.01*p < 0.05.
Protein-Protein Interaction Network Analysis
74 proteins and 551 relation pairs were found in the PPI network (Figure 11). The top 10 proteins with higher degrees were AKT1 (degree = 50), TNF (degree = 35), PPARG (degree = 39), PTGS2 (degree = 37), IGF1 (degree = 33), LEP (degree = 32), ESR1 (degree = 32), IL1B(degree = 31), FGF2(degree = 29), and CAT (degree = 28) (Table 2)
[image: Figure 9]FIGURE 9 | GO functional network for 73 target proteins. Nodes:GO terms; bigger nodes indicated smaller p values;the two-point line represents the correlation between functions, and the larger the kappa coefficient, the thicker the line.
TABLE 2 | Top 10 genes of WCAF-Colorectal cancer PPI network according to degree.
[image: Table 2]Construction of Pharmacological Network
Based on the herbal medicine-component-target protein pathway, the network pharmacology network was constructed by screening cancer immune related pathways. Finally, 12 related paths are selected to build the network as shown in Figure 12. There are 128 nodes and 372 relation pairs in the network, including eight herbal nodes, 33 chemical composition nodes (including beta sitosterol and sitosterol), 76 target protein nodes, and 26 pathway related target protein nodes.
[image: Figure 10]FIGURE 10 | Bubble Diagram of target protein pathway enrichment. Te longitudinal axis: the pathway name; the transverse axis: the number of enriched genes; the size of the dot represents the proportion of the number of enriched genes to the total number of genes, and the larger the proportion is, the larger the dot is; the redder the dot color, the more significant the p value.
Effect of Weichang’an Formula on AKT1 Expression of Human Colon Carcinoma HCT-116 Xenografts
According to the prediction of the network pharmacology molecular target of WCAF for regulating the immunity of colorectal cancer, we chose AKT1 for verification.AKT1 protein expression in tumor tissues was examined by IHC. AKT1 is mainly expressed in necrotic tumor tissue and located in nucleus. The staining area of AKT1/field (%) in each group was 6.22 ± 0.57 (control group), 1.74 ± 0.21 (WCAF group), 5.95 ± 0.50 (BEV group), and 0.81 ± 0.30 (WCAF + BEV group). The AKT1 protein expression in the WCAF and WCAF + BEV groups was significantly lower than the that in the control group (p < 0.01). The difference on AKT1 protein expression between the combination group and BEV alone was statistically significant (p < 0.01) (Figure 13).
[image: Figure 11]FIGURE 11 | Interactive PPI network of WCAF and colorectal cancer. with 71 nodes and 551 edges: nodes indicate target proteins or genes; edges represent correlations between targets; the size of the nodes indicates the value of degree.
[image: Figure 12]FIGURE 12 | The pharmacological network. Red hombus:herbal medicine; blue square:components; light blue dots: pathway related targets; green dot: non pathway related targets;red hexagon:pathways.
[image: Figure 13]FIGURE 13 | Effect of WCAF on AKT1 expression in colon carcinoma. **p < 0.01 vs. control group. △△p < 0.05 vs BEV group.
[image: Figure 14]FIGURE 14 | Effect of WCAF on FGF-2 expression in colon carcinoma. **p < 0.01 vs. control group. △△P< 0.05 vs BEV group.
Effect of Weichang’an Formula on FGF-2 Expression of Human Colon Carcinoma HCT-116 Xenografts
According to the prediction of the top 10 network pharmacology molecular target of WCAF for regulating the immunity of colorectal cancer, we chose FGF-2 for verification. FGF-2 protein expression in tumor tissues was examined by IHC. The staining area of FGF-2/field (%) in each group was 40.26 ± 4.75 (control group), 12.71 ± 1.23 (WCAF group), 42.83 ± 4.95 (BEV group), and 20.60 ± 3.94 (WCAF + BEV group). The FGF-2 protein expression in the WCAF and WCAF + BEV groups was significantly lower than the that in the control group (p < 0.01). The FGF-2 protein expression in the BEV group was higher than the that in the control group (p < 0.05). The difference on FGF-2 protein expression between the combination group and BEV alone was statistically significant (p < 0.01) (Figure 14).
DISCUSSION
TCM plays an active role in the treatment of colorectal cancer. It can be used to supplement surgical treatment, radiation therapy, chemotherapy, immunotherapy, targeted therapy, and other western medicine treatments of colorectal cancer. It can also be used as a monotherapy treatment option for patients with colorectal cancer. TCM has several treatment advantages, including stabilizing the condition, improving the immune function and the quality of life of patients, and extending patient survival. WCAF was developed by Professor Qiu Jiaxin, a renowned Chinese medicine practitioner in Shanghai, and his team based on their vast clinical and pharmaceutical research experience. WCAF is mainly composed of heat-clearing and toxicity-removing herbs and the active ingredient sijunzifang, which can nourish the spleen. Sijunzifang can inhibit SGC-7901 cell proliferation by G1/G0 phase arrest and induce apoptosis by upregulating BAX and downregulating BCL-2 (Qian et al., 2016). Radix Actinidiae Chinensis is one of the heat-clearing and toxicity-removing herbs that can reduce HCC cell viability, and which has been shown to have anti-tumor activity (He et al., 2017). The combination of WCAF and 5-FU significantly inhibited colon tumor growth and hepatic metastases (Tao et al., 2015).In this study, our results indicate that WCAF can inhibit the tumor growth of human colon cancer HCT-116 nude mouse subcutaneous xenografts. WCAF in combination with the anti-angiogenic targeted agent BEV had a partial additive inhibitory effect on the growth of human colon cancer HCT-116 xenografts in nude mice. In this study, we found that on day 52 after tumor implantation, four of the 11 mice in the control group developed ulceration, suggesting that we should shorten the treatment window in the future.
In 1971, Judah Folkman first proposed that tumor growth and metastasis required new blood vessel formation (Folkman, 1971). Tumor cells and blood vessels can form a highly integrated ecosystem that allows tumor cells to escape a hypoxic environment and pass through the blood circulation to new tissue environments. VEGF is currently known as the most potent growth factor in vascular endothelial cells. It can induce vascular endothelial cells proliferation and migration and enhance the permeability of blood vessels. It is an indispensable growth factor in angiogenesis. VEGF-A is a key member of VEGF family, which also includes VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, and placental growth factor (PGF). Studies have shown that VEGF is overexpressed in many tumors and downregulation of VEGF expression can inhibit tumor growth, invasion, and metastasis (Pavlidis and Pavlidis, 2013). VEGF can bind to the Vascular endothelial growth factor receptor (VEGF-R), causing abnormal changes in normal vascular endothelial cells, and promote tumor angiogenesis. VEGF-R can also activate tyrosine-protein kinase signaling to promote tumor cell proliferation and differentiation. VEGF receptors include VEGFR-1, VEGFR-2, and VEGFR-3, all of which have tyrosine kinase activity. Hirashima and others have found that VEGFR-1 and VEGFR-2 can be independent predictors of poor prognosis of tumor development (Hirashima et al., 2009). BEV is a VEGF-targeting monoclonal antibody and was the first drug to be approved for anti-tumor angiogenesis by the US Food and Drug Administration (FDA). It has become a first-line clinical treatment for patients with metastatic colorectal cancer. CD31 is highly expressed at the junction of vascular endothelial cells and is a marker molecule for tumor vascular endothelial cells and microvessels. The results of this study showed that CD31 protein was significantly lower in the subcutaneous xenograft tumors of the BEV, WCAF, and combination groups than in the control group (p < 0.05). The results suggest that WCAF can downregulate the expression of CD31 in vivo and produce synergistic anti-tumor activity in combination with BEV. In this study, we demonstrated that WCAF can inhibit the angiogenesis of human colon cancer HCT-116 xenografts and downregulate the expression of VEGF-A and VEGFR-1 protein. We also found that BEV treatment resulted in a decrease in the expression of VEGF-A in xenografts of human colon cancer HCT-116, but the expression of VEGFR-1 was unchanged. This observation may be because BEV targets the VEGF ligand instead of the tyrosine kinase VEGF receptor. In addition, Minjian et al. have found that BEV-treated colon cancer cells have increased expression of VEGF and bFGF in vitro. These cells also have reduced levels of ANG1, suggesting that BEV treatment may activate a feedback inhibition loop to regulate the expression of VEGF. This may account for the limited therapeutic efficacy of BEV in patients with advanced colon cancer (Zhao et al., 2017). Atsushi M et al. revealed that the expression of FGF2,FGFR2 was upregulated in the bevacizumab-treated tumor stroma. and this is related to acquired resistance to anti-angiogenic therapy with bevacizumab (Mitsuhashi et al., 2015). Our network pharmacology study indicated that FGF-2 was one of the top 10 genes that WCAF can regulate in clone cancer, the validation assay showed that the expression of FGF-2 were statistically significantly lower in the WCAF group and combination treatment group in comparison to the control group and BEV monotherapy group. Finally, we found that the expression of VEGFR-1 was statistically significantly lower in the combination treatment group in comparison to the BEV monotherapy group, suggesting that WCAF may be able to enhance the limited anti-angiogenic effects of BEV at the VEGF receptor level.
Obesity is an important risk factor for colorectal cancer (Bishehsari et al., 2014). Beccari et al. have found that Leptin signaling can serve as a new target for cancer therapy, especially for obese patients (Beccari et al., 2013). Studies have shown that Leptin can promote tumor cell proliferation, inhibit tumor cell apoptosis, and promote tumor angiogenesis (Ratke et al., 2010). Leptin is also closely related to VEGF and can upregulate VEGF expression and promote angiogenesis. In this study, we found that WCAF can downregulate the gene expression of Leptin and also Leptin-R protein in xenografts of HCT-116.
STATs are signal transducers and transcriptional activators, which are the focal points of a number of carcinogenic tyrosine kinases, such as growth factors, cytokines, and non-receptor tyrosine kinases. The over-activation of the signaling pathway can result in the aberrant expression of the downstream target genes, leading to the occurrence, development, and metastasis of colorectal cancer. STAT3 is an important member of the STATs family and can regulate a variety of key tumor factors, including the anti-apoptotic gene BCL-2 and the cell cycle control gene c-MYC. These genes are downstream targets of the STAT3 signaling pathway and can promote cell proliferation, inhibit apoptosis, and promote tumor development and progression. STAT3 can also regulate angiogenesis in a variety of tumors and can also inhibit tumor invasion and metastasis. Baral et al. have found that activated STAT3 is associated with the occurrence of early colorectal cancer and can inhibit the apoptosis of colorectal cancer epithelial cells (Baral et al., 2009). Kusaba et al. have found that high expression of phosphorylated STAT3 (p-STAT3) can promote the invasion and metastasis of colorectal cancer, and the mechanism may be related to p-STAT3 regulation of tumor invasion, vascular invasion, and lymph node metastasis (Kusaba et al., 2005). Wei et al. have found that STAT3 can bind to the VEGF promoter, upregulate the expression of VEGF, and promote tumor metastasis (Wei et al., 2003). In this study, we found that WCAF can downregulate the expression of STAT3 and p-STAT3 proteins in xenografts of HCT-116 in nude mice, inhibit the STAT3 signaling pathway in colorectal cancer, and effectively inhibit tumor growth in combination with the anti-angiogenic agent BEV. BCL-2 is a factor that promotes tumor cell proliferation and inhibits tumor cell apoptosis and may be a downstream target gene for the STAT3 signaling pathway. The results of this study showed that there was no statistically significant difference in BCL-2 expression in tumors from mice treated with vehicle, WCAF, BEV, and the combination of WCAF and BEV (p > 0.05). However, the expression of BCL-2 protein in each of the three treatment groups showed a decreasing trend in comparison to the control group. Our previous study has shown that Sijunzi Decoction, a component of Weichang’an can inhibit SGC-7901 cell proliferation by induce apoptosis by downregulating BCL-2 (Qian et al., 2016). In this study we observed that WCAF had a certain trend of inhibiting the expression of BCL-2 in colon cancer, which could be further studied in the future.
Antiangiogenic drugs combined with immune therapy are considered to have a synergistic effect on anti-tumor strategy. Simultaneous blockade of programmed death 1 and vascular endothelial growth factor receptor 2 (VEGFR2) induces synergistic anti-tumour effect in vivo. Our network pharmacology study indicated that WCAF can regulate immune related pathways include JAK-STAT signaling pathway, apoptosis, PI3K Akt signaling pathway and MAPK signaling pathway NF kappa B signaling pathway, T cell receptor signaling pathway and B cell receptor signaling pathway. Gato-Caas et al. (2015) and other studies have found that inhibition of AKT can limit in vitro MDSC differentiation, and Abu-Eid et al. (2014) discovered Treg is more susceptible to be inhibited after using AkT inhibitors, thus increasing CD8 + T cell number in tumor tissue to improve the control of tumor focus. In our study, we found WCAF can inhibited AKT1 expression in necrotic clone cancer tissue. leptin act as a negative regulator of NK cell functions and relate to increased cancer susceptibility in obesity in vivo experiment (Delort et al., 2015). leptin is involved in-obesity-induced carcinogenesis, tumor angiogenensis, cell proliferation and immune dysfunction. (Martí et al., 2001). In our study, WCAF treatment decreased the mRNA expression of Leptin and the protein level of LEP-R, in tumor tissues. Combined with BEV, WCAF showed a partial additive anti-tumor effect. The mechanism may also partitial related to immue regulation effection of WCAF targeting leptin signaling and AKT1.
CONCLUSION
In summary, the JAK/STAT signaling pathway of Leptin can exert a critical role in tumor proliferation, apoptosis, and angiogenesis. WCAF inhibits HCT-116 tumor growth through inhibiting tumor angiogenesis and promoting tumor cell apoptosis. The mechanism may be related to Leptin/STAT3 signal transduction, VEGF-A, and VEGFR-1. In addition, WCAF makes up for the deficiency of BEV by inhibiting VEGFR-1and regulating tumor immunity. WCAF combined with BEV showed a partial additive anti-tumor effect in colon cancer in vivo. This may provide an experimental basis for the clinical application of the combination of TCM and anti-angiogenic therapy. There are also some limitations of our study. VEGFR2 is a very important receptor related to angiogenesis, the effect of WCAF on VEGFR2 needs further study. For a clear understanding of the underlying mechanism, we will perform an in vitro assay in the future. The critical ingredients also need to be studied and confirmed in a future study.
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