Supplementary materials and methods

Plasmids, antibodies, and reagents
The cDNA constructs encoding human GRP78, GRP94, PERK and ATF6 were amplified by RT-PCR from the mRNA of 37CAF (CCDC85A) or 293T, and sequenced. Deletion mutant forms of PERK (PERK-N; aa 1-535, PERK-C; aa 536-1116) were generated by PCR-based techniques. For expression in mammalian cells, cDNAs were tagged with either hemagglutinin (HA) or Halo at the C-terminus, and cloned into pCS2+ (Addgene, Watertown, MA, USA) or pFC14K (Promega, Madison, WI, USA), respectively. Plasmid DNA encoding human ccdc85a (KIAA1912, corresponding to variant 2, 553 amino acids) was purchased from Kazusa Genome Technologies (Chiba, Japan). 
Purchased antibodies were as follows: CCDC85A (Aviva System Biology, San Diego, CA, USA), HA (BabCO, Richmond CA, USA), Halo (Promega), Rac1 (BD Biosciences Franklin Lakes, NJ USA), CDC42 (Proteintech, Rosemont IL, USA), -tubulin (Sigma Aldrich, St. Louis, MO, USA), p-PERK (Phospho-Thr 982, Signalway Antibody, Greenbelt, MD, USA), HIF1 (GeneTex, Irvine, CA, USA), E-cadherin (BD Bioscience, Chicago, IL, U.S.). Slug, Cleaved caspase-3, Phospho-eIF2 (Ser51) and eIF2 were from Cell Signaling (Danvers, MA, USA). Phospho-IRE1 (Ser724) was from CUSABIO (Houston, TX. U.S.). Antibodies against PERK, GRP78, IRE1, DnaJC3 and ATF-4 were from Santa Cruz (Dallas, TX, USA). 1,1’-dioctadecyl-3,3,3’,3’-tetramethyllindo-carbocyanine perchlorate (DiI) was purchased from Thermo Fisher Scientific (Waltham, MA USA). Thapsigargin, tunicamycin and cisplatin were purchased from FUJIFILM Wako pure chemical. Cell Proliferation ELISA, BrdU colorimetric detection kit was from Roche. miRIDIAN miR-224-3p (C-300734-05-0005) and miR-224-3p-hairpin inhibitor (IH-301304-01-0002) were purchased from Dharmacon (Lafayette, CO, USA). PERK inhibitor I was purchased from Sigma Aldrich (GSK2606414).

Gene targeting by CRISPR-Cas9 system
Cas9 mediated targeting of CCDC85A in Capan1 cells was performed. Human CCDC85A sgRNA sequences were chosen from predicted sequences by GeneArt CRISPR Search and design tool (Invitrogen, Waltham, MA, USA). T7 promoter and sgRNA template sequences were amplified with long liker primers by TksGflex (Takara, Shiga Japan). The purified T7-sgRNA template DNA was treated with proteinase K at 56 Cº for 3 hours, then purified with PCR purification kit (Takara, Shiga, Japan), and sgRNAs were transcribed using MEGA T7 transcription kit (Ambion, Austin, TX, USA). Prior to cellular genome editing, digestion of CCDC85A target genomic DNA was confirmed in vitro by mixing the amplified target DNA fragment, sgRNA and GeneArt Platinum Cas9 nuclease (Invitrogen, Waltham, MA USA) in restriction enzyme high buffer, and incubation at 37Cº. Cas9 protein and purified sgRNA was electroporated into Capan1 cell line (1000 V, 40 ms, 2 pulses; NEPAGENE, Chiba, Japan). The single cells were cultured by limited dilution method, and each clones were selected by Western blot analysis of CCDC85A. 
T7 promoter+1(C) target sequence +sgRNA:
TAATACGACTCACTATAGCctgtccaaagtgtcggacgGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTCTA

CCDC85A knockdown
A system for stable expression of miRNA was generated using the BLOCK-iT Pol II miR RNAi Expression Vector Kit (Invitrogen) according to the manufacturer’s instructions. To generate the miR RNAi vectors for CCDC85A and control, the following forward primers were used: 
CCDC85A miR1, 
5’TGCTGAACAGCAGAGGTCCCTCAGTTGTTTTGGCCACTGACTGACAACTGAGGCCTCTGCTGTT -3’ ; 
CCDC85A miR2,
5’TGCTGTCATCCAGGAAACAGCAGAGGGTTTTGGCCACTGACTGACCCTCTGCTTTCCTGGATGA -3’ ;
Control, 
[bookmark: _GoBack]5’TGCTGAAATCGCTGATTTGTGTAGTCGTTTTGGCCACTGTCTGACGACTACACATCAGCGATTT -3’.

miRNA and mRNA microarray analysis
MiRNAs were purified from NF-37 and CAF-37 using miRNeasy mini kit (Quiagen Hilden, Germany), and were subjected to GeneChip miRNA 4.0 array (Filgen, Nagoya, Japan). RNAs extracted from NF-37 cells and CAF-37 cells using RNeasy Mini Kit (Quiagen) were subjected to Clariom S microarray analysis (Filgen, Japan). Data were analyzed using the Microarray Data Analysis Tool Ver3.2 (Filgen) and DAVID Bioinformatics Resources 6.8 (Laboratory of Human Retrovirology and Immunoinformatics). To analyze the miRNAs differentially expressed in NF-37 or CAF-37, miRNAs whose expression value was higher than 100.0 were selected. 

Transfection, immunoprecipitation, and pull-down assays
Transfection of the plasmid DNA was performed by FuGene HD (Promega) for COS1 cells, and Lipofectamine 2000 (Invitrogen) for other cell lines, according to the manufacturer’s instructions. Transfection of miRIDIAN miR-224-3p and miR-224-3p inhibitor was performed by RNAiMAX (Invitrogen). To immunoprecipitate the proteins, 1 µg of antibody was incubated with 500 µg of cell lysate for 2 h at 4°C, and then precipitated with protein-G-agarose for 1 h at 4°C. Immunoprecipitation of Halo-tagged proteins was performed using Magne HaloTag Beads (Promega). Immunoprecipitates were extensively washed with PLC buffer, separated by SDS-PAGE, and immunoblotted. In some experiments, HRP-conjugated protein G was used as a secondary antibody to reduce signals from denatured IgG. The activation of Rac1 or CDC42 was monitored by affinity precipitation of GTP-bound Rac1 or CDC42 with a GST-fusion of the p21-binding domain of PAK1 (GST-PBD), as described [1]. Briefly, cell lysates were prepared in lysis buffer [50mM HEPES (pH 7.5), 150mM NaCl, 10mM MgCl2, 10% glycerol, 100mM NaF, 1mM Na3VO4 and 1% Triton X-100], and then incubated for 45 min at 4°C with gluthathione-Sepharose beads containing GST-PBD. Precipitates were washed four times in the same buffer, and the precipitated GTP-bound Rac1 or CDC42 was detected by immunoblotting.

RT-PCR and TaqMan micro RNA assays
The expression of miRNAs were initially examined by detection of each miRNA precursor using Simple miRNA detection kit (BioDynamics Lab Inc. Tokyo, Japan). Briefly, miRNAs were ligated to an universal oligonucleotide tag, and tagged miRNAs were reverse-transcribed. The resulting cDNA was amplified with a miRNA specific forward primer and a universal reverse primer corresponding to the tag sequence. The PCR products were examined by polyacrylamide gel electrophoresis. Specific forward primers of representative miRNAs in Fig S1A are as follows: 
miR-224-Fw: 5’- TCAAGTCACTAGTGGTTCC-3’,
miR-383-Fw: 5’- CTCAGATCAGAAGGTGATT-3’,
miR-497-Fw: 5’- ACCCCGGTCCTGCTCC-3’,
miR-195-Fw: 5’- AGCTTCCCTGGCTCTAGCA-3’,
miR-708-Fw: 5’- TGCCCTCAAGGAGCTTACA-3’,
miR-137-Fw: 5’- GGTCCTCTGACTCTCTTCG-3’,
miR-218-Fw: 5’- AGCGAGATTTTCTGTTGTG-3’,
miR-10-Fw: 5’- TGTCTGTCTTCTGTATATA-3’,
miR-34-Fw: 5’- AGTTACTAGGCAGTGTAGT-3’,
miR-145-Fw: 5’- ACCTTGTCCTCACGGTCCA-3’,

The expression of human miR-224-3p was quantified using TaqMan microRNA assays using U47 as an internal control. Total RNAs were reverse transcribed to cDNAs using miRNAs specific primers using TaqMan MicroRNA Reverse Transcriptase kit (4366596, Applied Biosystem). In brief, 10 ng of total RNA was mixed with dNTPs, reverse transcription buffer, RNase inhibitor, and miRNA specific primer (4427975) and reverse transcribed to a final reaction mixture of 15 l. Thereafter, the reaction mixture was subjected to thermal cycle at 16°C for 30 min, 42°C for 30 min, and 85°C for 5 min. The PCR was then run at 95°C for 10 min, and for 40 cycles at 95°C for 15 s and 60°C for 1 min. Each sample was run in triplicate.

Luciferase reporter assay 
The 3′UTR of CCDC85A mRNA containing miR-224 binding sites (1-1,487) was PCR-amplified and inserted down-stream of a fire fly luciferase reporter gene in the pGL4.5 vector containing CMV promoter (Promega). Renilla luciferase reporter gene was used as a control. 293T cells were co-transfected with miR-224-3p mimics or the control mimics and the luciferase reporter constructs using Lipofectamine 3000 transfection reagent. At 24 h after transfection, cell lysates were collected and luciferase intensity was determined using the Dual-Luciferase Reporter Assay System (Promega) according to the manufacturer’s instructions. Luciferase activity was measured by the luminometer (GL-200, Microtec Chiba, Japan). The raw values of relative light unit (firefly)/relative light unit (Renilla) (F/R ratio) were calculated.

3D gel invasion assay
The assay was performed as described previously [2]. Briefly, 200 μL of serum-free gel containing 2.25 mg/mL type-I collagen and 2.5 mg/mL Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) was laid onto the upper chambers of Transwells in 24-well plates. Cells were labeled with DiI in accordance with the manufacturer's instructions. Fixed gels were observed under a confocal microscope (LSM780, Zeiss, Oberkochen, Germany). The area of invading cells was quantified using the ImageJ software (NIH) as demonstrated in Figure S2. The invasion index (I) was calculated as the area ratio of the objective cells to the control cells.

Transwell assay
Migration assays were performed using transwell chambers with a polycarbonate nucleopore membrane (8 m pore size, BD Falcon). Test cells (2 × 104) in medium containing 0.2% FBS were seeded into the upper chambers of the transwells. The lower compartments were filled with the same medium supplemented with 10% FBS.　Migrating cells on the lower surface of the filter were fixed and stained with Giemsa’s stain solution. The total number of migrating cells was determined by counting cells in five microscopic fields per well, and the extent of migration was expressed as the average number of cells per well. The assays were performed three times.

Immunoblotting
Cell lysates were prepared in PLC buffer [50mM HEPES (pH 7.5), 150mM NaCl, 1.5mM MgCl2, 1mM EGTA, 10% glycerol, 100mM NaF, 1mM Na3VO4, and 1% Triton X-100] containing protease inhibitors. Cell lysates were separated by SDS-PAGE, and immunoblotted. In some experiments, intensities were quantified using the ImageJ software.

5-Bromo-2’-Deoxyuridine (BrdU) incorporation 
Cell proliferation was quantified by Cell proliferation ELISA kit, BrdU colorimetric (Roche, Basel. Switzerland) according to the manufacturer’s instructions. In brief, cells were plated onto 96-well plates (1 x 104 cells/well) 48 hs before the addition of BrdU. Cells were reincubated for 6 hs and incorporated BrdU was detected with peroxidase-labeled anti-BrdU antibody and developed with tetramethyl-benzidine as a chromogenic substrate. The absorbance of the samples was measured at the wavelength of 450 nm using a microplate reader (Multiskan Fc, Thermo).

Patients and tissue samples
Patients with gastric cancer or pancreatic ductal adenocarcinoma who underwent surgery at Akita University between April 2007 and March 2017, for whom sufficient clinical information was available and accurate prognostic follow-up was possible, were included in the study. The study was approved by the Akita University Ethics Committee (approval number 1662, 2190 Akita, Japan). All specimens were handled and made anonymous according to the ethical and legal standards.

Immunohistochemical analysis
Paraffin blocks were sectioned and subjected to immunohistochemical staining using the Envision reagent (Dako, Santa Clara, CA, USA). Antigen retrieval was performed by placing sections in Target retrieval solution (Dako) and heating to 95°C in a water bath, according to the manufacturer’s instructions. In co-immunostaining experiments, sections were sequentially stained with each antibody using an OpalTM four-color IHC Kit and fluorescently conjugated tyramide according to the manufacturer’s instructions (PerkinElmer, Waltham, MA, U.S.). Horseradish peroxidase (HRP)-conjugated secondary antibody (GE Healthcare, Chicago, IL, USA) was added for 10 minutes, and incubated with Opal kit working solution including the desired fluorophore. Tissues underwent the microwave treatment for removal of primary and secondary antibodies before another round of staining according to the Opal Multiplex IHC Assay Development Guide and Image Acquisition Information (Akoya Biosciences, Tokyo, Japan).

Statistical analysis
Data are expressed as the mean ± standard deviation. Statistical significance was calculated using the Student’s t-test. P values <0.1 were considered statistically significant.
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