Combination of transcatheter arterial chemoembolization and anti-PD-L1 liposomes therapy suppressed hepatocellular carcinoma progression in mice
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Running title

Combination of TACE and anti-PD-L1 suppressed HCC

Abstract   
Background  To study the effects of combination TACE and anti-PD-L1 liposome drug in treating HCC in mice models. Methods  We constructed the liposome drug with lecithin and cholesterol and mannitol, etc. Besides, the HCC mice model was established through abdominal subcutaneous injection HepG2 cancer cells in SD mice, then the PE-10 polyethylene catheter was used for TACE therapy. The SD mice were separately received TACE treatment, avelumab liposome drug therapy, and TACE combined with avelumab liposome drug therapy. Results  The liposomes drug was successfully constructed with a diameter of 125.5 nm. After the mice received TACE and (or) immunotherapy, the combined liposome drug therapy significantly reduced the volume of hepatic carcinoma tissues, besides, the apoptotic rates of hepatic carcinoma cells in the combined liposome drug treatment group was increased obiviously compared with other groups. Moreover, the protein TGFβR2 located in the cellular membrane was obiviously down-regulated in the combined liposome drug therapy, whilst, the expression of SMAD7 and PTPN14 was up-regulated in the treatment groups compared with the mice without treatment, besides, the protein PTPN14 was mainly located in the nucleus. Additionally, the mRNA expression of genes SNAI1 and Vimentin was significantly down-regulated in the combined liposome drug therapy. Conclusion  Combination of transcatheter arterial chemoembolization and anti-PD-L1 liposome drug therapy significantly suppressed hepatocellular carcinoma proliferation and metastasis in mice models. 
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1.Introduction 

Hepatocellular carcinoma (HCC) had become a seriously life-threatened tumor worldwide for its high morbidity and mortality [1], the clinical treatments for HCC contained surgery, radiotherapy, chemotherapy, interventional therapy and immunotherapy [2], while, the interventional therapy of transcatheter arterial chemoembolization (TACE) was recognized as an effective therapy in patients at intermediate stage and advanced HCC. The delivery of embolic materials and chemotherapeutic drug into the artery caused ischemia necrosis of the tumor and facilitated the tumor cells apoptosis [3]. While, in recent years, with the progression of biopharmaceutical research, the immunotherapy of immune checkpoint targets, such as the programmed death-1 or programmed death-ligand 1 (PD-1or PD-L1) showed efficient benefits in tumor animal researches and clinical studies, hence, the immune checkpoint immunotherapy had gradually become the first line therapy in various tumors [4]. The anti-PD-L1 monoclonal antibodies (aPD-L1) directly blocked the PD-1 receptor in tumor cells to amplify effector T cells to eliminate the tumor cells [5]. However, the adverse effects of immunotherapy had constrained its widely utility, for example, affected the skin, gastrointestinal tract, liver, lung and endocrine systems [6-7] . So, there is a tremendous necessity to create an efficient immunotherapy approach to deliver immunoagents to the tumor targeted sites.    
The liposomes have been widely used to improve selective drug delivery, including molecular drugs, proteins, genes, etc [8]. The study of Yao Yao, et al [9] had identified that sorafenib and VEGF-siRNA liposomes was a promising approach for HCC therapy. The liposomes are assembled with phospholipid or cholesterol, their characteristics are low toxicity, convenient for loading hydrophobic, hydrophilic and amphipathic drugs [10]. While, the anti-PD-L1 drug, avelumab was widely used in Merkel cell carcinoma, renal carcinoma, bladder carcinoma [11-12]. In the study of Italia Grenga [13] identified that avelumab trapped the expression of fusion protein PD-L1/TGFβR2 in human urothelial carcinoma cell lines to inhibit the tumor immune evasion. Moreover, in clinical, the avelumab was also proved to be benefit for inhibiting the tumor growth and reducing its progression in HCC patients. Hence, to our knowledge, we constructed the avelumab liposome drug with lecithin, cholesterol, mannitol phosphate buffer in freezing-thawing method for HCC targeted therapy. Besides, we further investigated the combination of TACE and anti-PD-L1 liposomes therapy in modulating hepatocellular carcinoma progression in mice models. 
2. Materials and methods
2.1 Materials

Lecithin (catlog: Lipoid, Germany), cholesterol (catlog: 57-88-5, Sigma, USA), chloroform (catlog: Sigma, USA), mannitol phosphate buffer (catlog: Sigma, USA), vortex mixers (catlog:WH861, Nanjing notai scientific instrument co. LTD), rotary evaporators (catlog: JC-ZF-1L, Shanghai), freeze drier (catlog: FDP200, thermo Thermo Modulyo), avelumab drug (BAVENCIO, EMD Serono, Inc), 10-12 weeks old SD rats (Pengyue Laboratory Animal breeding Co., Ltd. (Shandong, China)), HepG2 cancer cells, 27 gauge needle (catlog: JG2705HPX, Thomas scientific), PE-10 polyethylene catheter (inner diameter 0.28 mm, outer diameter 0.61 mm, Smiths Medical, England).
2.2 Synthesis of cholesterol liposome
The synthesis of cholesterol liposome was performed like the method of Yang Du [14], the lecithin and cholesterol were mixed at the ratio of 2.5:1, and they were dissolved in 20 ml chloroform, then the chloroform was evaporated with vortex mixers, 55℃. Besides, the drug avelumab was dissolved in mannitol phosphate buffer (PH=6.7) and blended with rotary evaporators for 10min, then they were mixed together with lecithin and cholesterol, afterwards, the ultrasonic processed the mixtures in 4℃ for 20min, later, the suspension was placed in -20℃ overnight, then the cholesterol liposome was synthesized and visualized with scanning electron microscope (SEM). 
2.3 Constructed the HCC mice model and dealt with therapies 
The 10-12 weeks old SD male rats (362.7g ±24.2g), (n=60) were maintained in a germ-free environment and they were free access to food and water. All the animal experiments were followed to the NIH guidelines for care and use of animals research. After one week adapted cultivation, the mice were randomly divided into five groups, one group was as normal control, the other four groups were received abdominal subcutaneous injection HepG2 cancer cells to establish HCC mice models, afterwards, the HCC mice model groups were separately administered with TACE therapy, tail vein injection avelumab liposome therapy, TACE therapy combined with avelumab  liposome drug, besides, one HCC model mice were without treatment. In addition, the TACE therapy was performed like this [15]: the PE-10 polyethylene catheter was inserted retrogradely into the mice gastroduodenal artery, then, they were placed to the hepatic artery. The hydroxycamptothecin chemotherapeutic drug (3-5mg) and lipiodol (5ml) were delivered through the catheter to the hepatic artery, besides, the avelumab liposome drug was administrated via tail vein injection. After twenty one days treatment, we chose eight mice in each group and they were anethesized with 2% isopentane, besides, the hepatic cancer tissues and blood samples were collected immediately for experiments analysis. And the volume of the HCC tissues was calculated with the method: V [mm3]= 1/2 × LW2, while, L and W stands for the lengths and width of the tumors, respectively.

2.4 Flow cytometry analyzed the cell apoptosis
The blood samples were collected from all the mice, the serum was obtained with 2500g/min centrifugation for 5 minutes, three times. Then they were sequentially suspended with FITC-Annexin V binding buffer (195μl) (Beyotime, Shanghai),  FITC-Annexin V staining buffer (5μl) and PI buffer (10μl), then rotated up and down, and kept them away from light for 15 min incubation with foil package, finally, they were analyzed with flow cytometry instrument (FACS Calibur, BD) for the analysis of cell apoptosis. 
2.5 Western blot 
The proteins were extracted from the hepatic carcinoma tissues with RIPA Lysis Buffer containing with PMSF (catlog: N8031, Solarbio), then the protein concentration were analyzed with BCA Protein Assay Kit (catlog:PA115-01, TIANGEN), later, the protein were denaturated with hot water (80℃-100℃) for 1 hour, afterwards, the protein (15μl) was added into each hole of the isolated gels for isolating the proteins, afterthat, the protein gels were transferred to the PVDF membrane (Millipore, USA), then they were incubated in skim milk for 1 hour, later, washed with TBST buffer for three times, subsequently, the primary antibodies, TGFβR2 (catlog: ab186838, Abcam), SMAD7 (catlog: ab216428, Abcam), PTPN14 (catlog: 56612T, CST) and β-Actin (catlog: ab179467, Abcam) were used for 

the protein bands incubation overnight, besides, the protein β-Actin was a reference control protein. Afterwards, the bands were incubated with second antibody anti-mouse IgG for 1 hour, later, the ECL chemiluminescence solution (A and B) (catlog: PE0010, solarbio) were dividedly added into the protein bands (100μl) for 15 minutes incubation away from light, finally, the protein bands were scanned with gel imager (catlog: BIO-BEST, USA), and the relative protein expression was analyzed with Image J software.
2.6 Immunofluorence 

The hepatic carcinoma tissues were made into paraffin section, after dewaxing, a series of ethanol concentration (70%-80%-90%-95%-100%) were used for tissues dehydration, then washed with PBS for three times and incubated with BSA (catlog: SW3015, Solarbio), afterwards, the primary antibodies TGFβR2 (catlog: ab186838, Abcam), PTPN14 (catlog: 56612T, CST) and DAPI (catlog: ab104139), Abcam) were diluted at 1:100 concentration with PBS and the tissues were incubated with the antibodies for overnight in 4℃ away from light, then the second antibody IgG were added for incubation 1 hour, thereafter, the tumor tissue sections were mounted with glycerol buffer for 1 hour, at last, the image were visualized with inverted fluorescence microscope (catlog: LEICA, Germany).
2.7 RNA isolation and Real-time PCR
The RNA was isolated from the hepatic carcinoma tissues with Trizol reagent (TAKARA), then the isolated total RNA was reversed into cDNA with the miScript II RT Kit (Qiagen) and amplified its expression with Prime Script RT Enzyme Mix (TaKaRa, Tokyo, Japan) , and it’s relative expression was calculated with the 2-ΔΔCt method. Besides, the mRNA primers of SNAI1 and Vimentin were designed with Vector NTI software and synthesized in Takara, which were listed below:
SNAI1: forward 5’-GACTGCTTCAGGGAGACACA-3’ 

reverse 5’-CAGGAGAATGGCTTCTCACC-3’;
Vimentin: forward 5’-CTCTTCCAAACTTTTCCTCCC-3’ 

reverse 5’-AGTTTCGTTGATAACCTGTCC-3’
β-actin: forward: 5’-GGCACCCAGCACAATGAAG-3’ 

reverse: 5’-GCCGATCCACACGGAGTACT-3’;
2.8 Statistical analysis
The differences of the data were analyzed with one-way ANOVA method for variance between groups in the SPSS 19.0 statistical software. The statistical significance is P<0.05. And, the differences showed in graphs were analyzed with Graphpad prism 6 software.

3. Results
Combination of TACE and anti-PD-L1 liposome drug therapy suppressed hepatocellular carcinoma proliferation and metastasis

We conducted the combination of TACE and anti-PD-L1 liposome drug therapy

in HCC, besides, the liposome drug delivery particle was successfully constructed with a diameter of 125.5 nm (figure 1). After the mice received TACE along with (or without) immunotherapy, results showed that TACE therapy and avelumab liposome drug therapy had significant effects in HCC, while, the effects were boosted in the combination of TACE and liposome drug therapy. Data revealed that the volume of the HCC tissues were reduced with therapies. And this effect is the most obivious with the combined therapy TACE along with avelumab liposome drug, P<0.05 (figure 2 A, B). Besides, the apoptotic rates of hepatic carcinoma cells in the therapy groups were increased. And there is significant difference of the cell apoptosis in the combined liposome drug treatment group compared with other groups except for the avelumab liposome drug injection group, P<0.05 (figure 3 A, B). Moreover, the protein TGFβR2 was obiviously down-regulated with the combined therapy of TACE and avelumab liposome drug (figure 4 A, B), whilst, the expression of SMAD7 and PTPN14 was up-regulated in the treatment groups compared with the mice without  treatment (figure 4 A, B), besides, the therapy effect was the most evident in the combinated therapy of TACE and avelumab liposome drug, P<0.05 (figure 4 A, B). Furthermore, with immunofluorence analysis, we identified the protein TGFβR2 located in the cellular membrane and protein PTPN14 located in the nucleus, besides, the fluorescence intensity of the proteins was changed after received treatments, the 
mean fluorescence intensity of protein TGFβR2 in the normal control mice compared with the HCC model groups with or without treatments were of significance, P<0.05, 

while, the mean fluorescence intensity of protein PTPN14 in HCC model groups with liposome drug treatment compared with other groups were of significance, P<0.05 (figure 5 A, B). Additionally, the mRNA expression of genes SNAI1 and Vimentin was down-regulated in the combined liposome drug therapy group compared with the HCC model group along with or without TACE group, P<0.05 (figure 6). 
4. Discussion

In this study, we found that combining TACE with immunotherapy of checkpoint inhibitors has showed synergistic effects in mice hepatic cancer therapy. The volume of the hepatic tissues were obiviously reduced with the combined therapy. Besides, the combined therapy facilitated the tumor cell apoptosis. These effects were associated with the mechanism that the expression of protein TGFβR2 was reduced, whilst, the expression of proteins SMAD7 and PTPN14 was up-regulated. Meanwhile, the mRNA expression of the epithelial-mesenchymal transition (EMT) biomarker, SNAI1 and Vimentin was down-regulated with the combined therapy. The protein TGFβR2 played important roles in cell proliferation, differentiation, migration, survival, wound healing, angiogenesis, and immunosurveillance [16-17]. It exerted a dichotomous role in carcinogenesis, it acted as a potent growth inhibitor in physiological conditions, whilst, in cancer progression process, it promoted tumor development through induction of epithelial-mesenchymal transition [18-19]. Therefore, this is in line with our study that the combined immunotherapy of drug avelumab not only suppressed the proliferation, differentiation and survival of hepatic carcinoma cells, but also trapped the expression of fusion protein PD-L1/TGFβR2 in hepatic carcinoma, thus inhibited the expression of EMT biomarker, SNAI1 and Vimentin. Moreover, in canonical Smad dependent pathway, TGF-β was found binding to TGF-β receptors type II (TβRII) to recruit and activate the type I receptors TβRI/ALK-5 by phosphorylation, thus, leading to downstream C terminal phosphorylation of receptor (R)-Smad proteins [20]. In the study of Park YN [21], et al, showed that the levels of Smad7 was elevated in hepatocellular carcinoma. Whilst, in the study of Feng T, et al [22] identified that SMAD7 was positively related to better clinical outcome in human hepatocellular carcinoma. This opposite conclusion may be the reason that the conflicting roles of Smad7 in human HCC with tumour-suppressive or oncogenic potential [23]. However, in our study, our finding is in agreement with the study of Feng T [22] that SMAD7 is a tumor suppressor in HCC. In addition, the study of H Sun, et al [24] presented that KLF4 protein interacted with Smad7 promoter to activate its transcription, which thus blocked TGF-β signal transduction to inhibit the progression of hepatocellular carcinoma, hence, the combined therapy may also mediate the function of KLF4 protein in our study. While, the protein non-receptor protein tyrosine phosphatase 14 (PTPN14, also known as PEZ) is a ubiquitous phosphatase with nuclear and cytosolic localization, which is consistent with our finding [25]. Meanwhile, studies also showed that PTPN14 was implicated in modulating transforming growth factor β (TGFβ) signaling through the TGFβ receptor and the induction of epithelial-mesenchymal transition [25-27]. This conclusion is in agreement with our results that the protein expression of PTPN14 was up-regulated after receiving therapies. Therefore, the combined therapy of TACE with immunotherapy of checkpoint inhibitors (avelumab) liposome drug suppressed hepatocellular carcinoma progression through regulating the transforming growth factor β (TGFβ) signaling activity. 
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Figure legends

Figure 1 TEM image visualized the constructed liposome drug particles with a diameter of 125.5 nm, the arrows pointed the liposomes.
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Figure 2 The isolated hepatic carcinoma tissues in HCC mice model, the volume of the tumors were reduced in the single therapy TACE group, the Avelumab liposome drug group, and the combined therapy of TACE and Avelumab liposome drug group (A), &P<0.01 compared with the hepatoma mice model groups with treatments; 

**P<0.05 compared with the hepatoma mice model group with TACE and avelumab liposome drug therapy; #P<0.01 compared with the hepatoma mice model groups with TACE or with TACE combined with liposome drug treatment, (B); data were expressed as means ± SD (n = 8), statistical significances were calculated with one way ANOVA method.
[image: image2.png]- hepatoma
@ hepatoma+TACE

@ Hepatomar+Avelumab liposome drug

3 Hepatoma+TACE+Avelumab liposome drug

501y
ot

tumor volume
N
&
*

N
8

Oy
e
D,
1,
£
K a
oy, '
4,
%’%1‘7
405'1
7%
%





Figure 3 Flow cytometry analyzed the hepatoma carcinoma cell apoptosis with Annexin V-FITC kits, TACE therapy along with avelumab liposome drug significantly increased the cell apoptotic rates (A), #P<0.01 compared with the hepatoma mice model groups with or without treatment; &P<0.01 compared with the hepatoma mice model groups with treatment; ** P<0.05 compared with the hepatoma mice model group with TACE and avelumab liposome drug therapy; data were expressed as means ± SD, statistical significances were calculated with one way ANOVA method (B).
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Figure 4 Western blot detected the expression of proteins TGFβR2, SMAD7 and PTPN14 (A); TACE therapy and avelumab liposome drug therapy reduced the expression of TGFβR2 protein and up-regulated the expression of SMAD7 and PTPN14, ** P<0.05 of TGFβR2 protein in the TACE along with avelumab liposome drug therapy group compared with the other groups; * P<0.05 of SMAD7 protein compared with the hepatoma mice model group with TACE along with avelumab liposome drug therapy group; *** P<0.05 of PTPN14 protein compared with the hepatoma mice model group with TACE therapy or along with avelumab liposome drug therapy; #P<0.05 of PTPN14 protein compared with the hepatoma mice model group with TACE and avelumab liposome drug therapy. Data were expressed as means ± SD (B).
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Figure 5 The protein TGFβR2 located in the cellular membrane, while, the protein PTPN14 was mainly located in the nucleus (A). The mean fluorescence intensity of protein TGFβR2 in the normal control mice compared with the HCC model groups with or without treatments, &P<0.01 (B); the mean fluorescence intensity of protein PTPN14 in HCC model groups with liposome drug treatment compared with other

groups, #P<0.05 (B), data were expressed as means ± SD, statistical significances were analyzed with one way ANOVA method.
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Figure 6 RT-PCR analyzed the mRNA expression of SNAI1 and Vimentin, their expressions were reduced in the therapeutic groups, &P<0.01 in hepatoma mice group VS other experiments groups, #P<0.05 compared with the hepatoma mice model group with TACE and avelumab liposome drug therapy; ** P<0.05 compared with the normal control mice groups, data were expressed as means ± SD, statistical significances were analyzed with one way ANOVA method.
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