PFKFB3 acts as an oncogene in gastric cancer

Supplementary Material and Methods
Patients and tissue samples

The study was approved by the ethics committee of Zhejiang Cancer Hospital (Ethical certification No. zjzlyy [2013]-03-79 and zjzlyy [2015]-02-125), and signed informed consent was provided by patients and their families.

Inclusion criteria: (1) age 18-80 years old, (2) patients with GC diagnosed by histopathology; (3) GC patients without preoperative treatment, including chemotherapy, radiotherapy and all anti-tumor treatment; (4) volunteered to participate in the researcher. Exclusion criteria: (1) accompanied by other malignant tumors; (2) GC patients who have received chemotherapy, radiotherapy and all anti-tumor treatment; (3) with mental illness or cognitive impairment, unable to understand the protocol for the study and the protocol for the completion of the study and follow-up (systematic assessment must be made before entering the study). According to the inclusion/exclusion criteria of our study, we used convenient samples consisting of 319 GC patients from January 2008 to December 2017 in Zhejiang Cancer Hospital. Detailed case information is shown in Table 1. None of the patients received preoperative treatment. According to the eighth edition of the guidelines of the Union for International Cancer Control (UICC)/American Joint Committee on Cancer (AJCC), the pathological diagnosis was performed by at least two pathologists. To determine prognosis, we analyzed the clinical data concerning overall survival (OS), defined as the time from surgery to death. All recruited patients were followed-up periodically until the due date. Clinical follow-up results revealed a mean follow-up duration of 46 months, ranging from 2 to 105 months. A total of 19 patients were missing.

Gastric mucosal biopsy specimens from 88 non-cancer volunteers were randomly collected during the same period as controls, which included 54 males and 34 females with an average age of 52.9 years. Of these volunteers, 48 patients were diagnosed with chronic non-atrophic gastritis. All non-cancer volunteers provided written informed consent.

IHC analysis

IHC was performed as described previously (1). The avidin-biotin-peroxidase method was applied for IHC. All sections were deparaffinized with xylene and dehydrated with analytical pure ethanol followed by inactivating endogenous peroxidase by 0.5% H2O2 in methanol for 10 min. Non-specific binding was blocked by incubation with 10% normal goat serum in phosphate-buffered saline (PBS) for 1 h at room temperature. Then, slides were incubated with primary antibodies, including anti-PFKFB3 (Abcam, Cambridge, MA, USA), anti-Snail (Abgent Inc., San Diego, California, CA), anti-E-cadherin, anti-Vimentin, anti-HIF-1α, and anti-Ki-67 (Cell Signaling Technology, Danvers, MA, USA) at 4°C overnight, followed by biotinylated goat anti-mouse IgG (1:400; Sigma, St Louis, MO, USA) or goat anti-rabbit IgG (1:400; Sigma, St Louis, MO, USA) for 1 h at room temperature. Then, the streptavidin-biotin-peroxidase-complex method was performed. A brown color was indicative of positive protein expression. Peroxidase activity was developed by incubation with 0.1% 3,3-diaminobenzidine (Sigma, St Louis, MO, USA) in PBS with 0.05% H2O2 for 5 min at room temperature. IHC scoring was performed by three independent pathologists blinded to the clinical data based on combined staining frequency and intensity, as previously described (1): 0～4, low expression; 5～8, normal expression; 9～12, high expression.
Western blot analysis

Western blot was performed as previous described (1,2). The following reagents and antibodies were used: RIPA lysis buffer (Beyotime Institute of Biotechnology, Nantong, China), BCA Protein Assay Kit (Qcbio Science Technologies, Co., Ltd., Shanghai, China), polyvinylidene fluoride membrane (PVDF; Millipore, Billerica, MA, USA), TBST (Tris buffered saline and Tween, Beijing Solarbio Science & Technology Co. China), Tween-20 (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China), anti-PFKFB3 (Abcam), anti-Snail (Abgent Inc., San Diego, California, CA), anti-E-cadherin, anti-Vimentin, anti-HIF-1α, anti-Ki 67 (Cell Signaling Technology, Danvers, MA, USA), anti-MMP2, anti-MMP9, anti-MMP14 anti-NFκB p65 (Abcam), and goat anti-rabbit IgG (1:400; Sigma, St Louis, MO, USA). β-actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA) was used as an internal control. Band density was measured on a ChemiDoc-XPS Gel imaging system with Epson color image scanner and Image-Pro Plus software, normalized to β-actin.
RNA extraction, reverse transcription and Real-time RT-PCR

Total RNA is extracted according to the instructions using Trizol (Invitrogen, Carlsbad, CA, USA). The concentration and purity were determined by Nano Drop UV spectrophotometer (ND-1000, USA). Reverse transcriptase was performed with One Step PrimeScript cDNA Synthesis kit (Takara Bio Inc, Kusatsu, Shiga, Japan), and cDNA was obtained for subsequent Real time RT-PCR detection according to the instructions. Real time RT-PCR was used to detect the target gene expression on 7500 Real Time PCR System-ABI 7500 (Applied Biosystem) with SYBR Premix Ex TaqTM Perfect Real Time kit (Takara Bio Inc, Kusatsu, Shiga, Japan). The primer sequence for target genes was shown in Supplementary Table 1. GAPDH was used as an internal control. All experiments were repeated at least three times independently.
Lentivirus-mediated overexpression or knockdown of PFKFB3

Lentivirus-mediated PFKFB3 overexpression and knockdown, respectively, or respective control lentiviruses were purchased from Shanghai GeneChem Co. Ltd. (China). The information of lentivirus-mediated PFKFB3 overexpression is as follows: Gene name: PFKFB3 (NM_004566); Species: Human; Vector name: GV358; Element sequence: Ubi-MCS-3FLAG-SV40-EGFP-IRES-puromycin; Vector map: http://www. genechem.com.cn/service/index.php?ac=gene&at=vector_search&keyword=GV358. The information of lentivirus-mediated PFKFB3 knockdown is as follows: Target Seq in siRNA design: ctCCAATATCATGGAAGTTAA; GC%: 31.58%; Vector name: GV115; Element sequence: hU6-MCS-CMV-EGFP; Vector map: http://www. genechem.com.cn/service/index.php?ac=gene&at=vector_search&keyword=GV115. The synthetic oligo information for PFKFB3 siRNA was shown in Supplementary Table 2. Lentiviral transduction was performed as described previously (3,4).

Cell proliferation analysis

Cell proliferation was analyzed with CCK-8 Kit (Dojindo Molecular Technologies, Inc., Tokyo, Japan), following the manufacturer’s instructions. We selected 5 time points to assess proliferation, including 24, 48, 72, 96 and 120 hours after subculture. Absorbance was read at 450 nm on a microplate reader. All experiments were repeated at least three times independently.

Colony formation assay

The cells were washed with phosphate buffered saline (PBS), trypsinized and seeded into 6 wells at 1000 cells per well. The cells were then cultured for 7 days, and colonies were stained with 0.5% crystal violet (Beyotime, Nanjing, China).

Migration assay

Cells (5×104) were seeded into chambers with 8-μm pores (Corning Inc., Corning, NY, USA). After 24 h, the cells that migrated through the membrane into the bottom chamber were fixed and stained with crystal violet. The migrating cells were counted by randomly selecting nine fields of view.

Invasion assay

Cells were seeded at a density of 1×106 per well in the 24-well BD BioCoat Matrigel Invasion Chamber (BD Biosciences Discovery Labware, Bedford, MA). Serum (10%) was used as a chemoattractant. After incubation for 22 h, the membrane of the upper chamber was fixed and stained with the Diff-Quik reagent (Sysmex, Kobe, Japan). Invaded cells were counted in four randomly selected fields per membrane.

Wound healing assay

The wound-healing migration assay was performed in AGS and SGC7901 cells after lentiviral transduction, with the wound produced by scratching using a 200-µl pipette tip, as previously described (1,5).

Detection of intracellular ATP concentration

Detection of intracellular ATP concentration was performed with commercial ATP colorimetric assay kit (Sigma Aldrich), according to reagent instructions. The cells on the culture dish were digested and centrifuged, and 1×106 cells were taken to detect the intracellular ATP concentration. The absorption peaks of each sample at 570 nm wavelength were measured by enzyme labeling instrument, and the concentration of ATP in the sample was calculated by comparing with the standard curve obtained by ATP standard. All sample tests are repeated three times.

Apoptosis detection
The positive rates of FITC Annexin and propidium iodode (PI) were detected by commercial FITC Annexin V apoptosis detection kit (BD Pharmingen) combined with flow cytometry (BD AccuriTM C6), according to the instructions of the kit. All sample tests were repeated three times.

Nude mouse xenograft model

All animals were maintained and handled in accordance with the guidelines of the Institutional Animal Care and Use Committee of Zhejiang Cancer Hospital. Cells in the logarithmic phase of growth were collected, centrifuged and rinsed with PBS twice. Nude mice (5 weeks old, female) were injected subcutaneously with AGS cells (6×108 cells) on the forelegs. When the tumors were about 5~6 mm in diameter, the nude mice were randomly divided into 4 groups: control, cisplatin (DDP) (Sigma-Aldrich), PFK15 (Sigma-Aldrich) and cisplatin-PFK15 combination treatment groups. Cisplatin at 5 mg/kg body weight was administered intraperitoneally at one-week intervals. PKFKB3 inhibitor PFK15 is a specific inhibitor of key regulatory enzyme PFKFB3 in glycolysis pathway. PFKFB3 inhibitor PKF15 was administered at 25 mg/kg body weight, intraperitoneally every three days. Xenograft tumor weights were measured upon mouse euthanasia after 30 days of treatment, and tumors were extracted. Tumor sizes were analyzed by measuring two perpendicular diameters with digital calibers and volumes were calculated according to the formula: 0.5 × length × width2. The tumors were weighed and snap frozen in liquid nitrogen for other use.

Statistical Analysis
SPSS 22.0 (IBM, Armonk, NY, USA) was used for data analysis. Categorical data were analyzed by the chi-square test or Fisher’s exact test, as appropriate. Survival analysis was computed by the Kaplan-Meier method, and differences were assessed by the log-rank test. Univariate analysis with the Cox regression model was used to determine prognostic factors, and multivariate analysis with the Cox regression model was used to determine independent prognostic factors. Pearson’s correlation analysis was used to assess the associations of PFKFB3 expression with other proteins such as EMT-related markers. Two-sided P<0.05 was considered statistically significant.
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