Suppl 1. Material and Methods


Produce of GantgBrca1 and GantgBrca2
MMTV-BRCA1 transgenic constructs: Diagram of the BRCA1 cDNAs used for the generation of transgenic animals. The expression of wild type BRCA1 is controlled by the MMTV-LTR promoter. The BRCA1 cDNAs were each inserted into the third exon of the rabbit ß-globin gene (β-g). The bar indicates the RING finger motif, the hatched region corresponds to the nuclear localization signals and the negative symbols (-) indicate the negatively charged C-terminal domain with transactivation function.

Generation and Maintenance of BRCA1 Transgenic Mice: The Xho I BRCA1 fragments were microinjected into the male pronucleus of (C57BL/6x DBA/2) F1 fertilized mouse embryos and implanted into pseudopregnant ICR surrogate mice by the Transgenic/ES Cell Shared Resource Facility. Founder mice were bred to C57BL/6J mice to establish transgenic lines. All animals used in these studies were handled in strict compliance with Shinshu University School of Medicine, Animal Care Committee regulations.

To identify transgenic animals by PCR, 1µL of genomic tail DNA was added to a 50µL reaction volume [1x PCR buffer II, 1.5mM MgCl2, 200nM each of rabbit ß-g forward 5'-GTCTCGGAT CCTCAGAAGGTGGTGGCTGGTGTGG-3' and rabbit ß-g reverse 5'-GAACTAGGTACCGGCAT ATGTTGCCAAACTCTAAACC-3' primers, 200µM each dNTP, and 2.5 units of AmpliTaq DNA polymerase (Perkin-Elmer)]. Cycling conditions consisted of 94oC for 6 min, followed by 25 cycles of 94oC for 30 sec, 64oC for 60 sec, and 72oC for 90 sec, and a final extension at 72oC for 3 min. The PCR product was a 260bp fragment of the rabbit ß-g exon 3 contained in the transgene construct.

The copy number of founder transgenic animals was estimated by determining the amounts of DNA equal to one copy of the integrated transgene. The approximate number of base pairs of the promoter and transgene injected (8400bp for MMTV-BRCA1) was divided by the approximate size of the mouse haploid genome (3 x 109 bp). Thus, 2.8pg of the promoter/transgene fragment is equal to approximately one copy of the integrated MMTV-BRCA1 transgenes per 1µg of genomic DNA, while 1.3pg is equal to approximately one copy of the integrated MMTV-BRCA1t340 transgene per 1µg of genomic DNA. The relative intensity of probe hybridization was compared using a Bio-Rad Model GS 670 Imaging Densitometer.

CMV-BRCA2 transgenic constructs: To construct p236BRCA2, the pcDNA3 vector was first modified by inserting a 236-bp fragment of the 5' untranslated region of BRCA2 between the KpnI and NotI sites. The assembled full-length BRCA2 cDNA was then inserted at the XhoI site of this plasmid. The 5' UTR of BRCA2 was obtained by RT-PCR using primers 5'-GGTACCGGTG GCGCGAGCTTCTGA-3' and 5'-GCGGCCGCAACTACGATATTCCTCCAAT-3'. The pcDNA3 236HSC WT (BRCA2) was a gift from Mien-Chie Hung (Addgene plasmid # 16246; http://n2t.net/addgene: 16246; RRID:Addgene_16246) (I)
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自動的に生成された説明]Generation and Maintenance of BRCA2 Transgenic Mice: The BRCA2 was generated using recombineering, and transgenic mice were generated as described previously (II). All animals used in these studies were handled in strict compliance with Shinshu University School of Medicine, Animal Care Committee regulations.

GantgBrca1 and GantgBrca2 mice were created by crossing C57BL/6JtgBrca1 or C57BL/6JtgBrca2 mice with Gan mice (provide from Dr. Oshima M, Kanazawa University School of Medicine, Kanazawa, Ishikawa, Japan). Gan mouse is a compound transgenic mouse created by crossing C2mE mouse and Wnt mouse. In Gan mice, both the COX-2/PGE2 pathway and Wnt signaling are activated in the gastric mucosa. Gan mice spontaneously develop ductal gastric cancer accompanied by an inflammatory response with 100% efficiency. Gan mice are considered to be a model similar to human gastric cancer, where tumors develop through the interaction of Wnt signal activation and inflammatory responses. All animals used in these studies were handled in strict compliance with Shinshu University School of Medicine, Animal Care Committee regulations (Approved number: Shinshu University 567-5).

Produce of Gan mouse:
Gan mice were created by crossing K19-Wnt1 transgenic mice with K19-C2mE mice (provide from Dr. Oshima M, Kanazawa University School of Medicine, Kanazawa, Ishikawa, Japan) (III). The K19 promoter with a synthetic intron and SV40poly(A) cassette were described previously.6 Although the K19 promoter used in the present study is transcriptionally active in the gastric epithelium, its expression spectrum in the whole body is slightly different from the endogenous K19 gene, possibly caused by the limited length of the promoter fragment (III). Wnt1 complementary DNA (cDNA) was excised from pUSEamp-Wnt1 (Upstate, Charlottesville, VA). These fragments were cloned into pBluescript (Stratagene, La Jolla, CA) to construct the pK19-Wnt1 transgenic vector. The expression vector was microinjected into the fertilized eggs of F1 (C3H and C57BL/6J) hybrid females crossed with C57BL/6 males to generate K19-Wnt1 transgenic mice. Expression of Wnt1 in the gastric mucosa was confirmed by reverse-transcription polymerase chain reaction (RT-PCR). Construction of K19-C2mE transgenic mice has been described previously. To minimize any genetic background differences, we used littermate mice for the experiments from the mating of N2-backcrossed K19-Wnt1 with N6-backcrossed K19-C2mE mice. Backcrossing was performed using wild-type C57BL/6 mice. Construction of Apc_716 mice has been previously described.2 All animal experiments were carried out according to the protocol approved by the Ethics Committees on Animal Experimentation of Shinshu University.

The expression vector was microinjected into the fertilized eggs of F1 (C3H and C57BL/6) hybrid females crossed with C57BL/6 males to generate K19- Wnt1 transgenic mice. Expression of Wnt1 in the gastric mucosa was confirmed by reverse-transcription polymerase chain reaction (RT-PCR). Construction of K19-C2mE transgenic mice has been described previously (III). A 2.1-kb promoter fragment K19 (GenBank, AF237661) amplified by genomic PCR, a 1.0-kb SV40 polyA cassette and a synthetic cliimerie intron excised from pCl (Promega, Madison, WI, USA) were cloned into pBluescript vector (Stratagene, La Jolla, CA, USA) to construct pK19. Full-length cDNAs for COX-2 and mPGES-1 were amplified by RT-PCR. After sequence confirmation, the eDNA fragments were subcloned into pK19 to construct pK19-COX-2 and pK19-mPGE5, respectively. Two expression vectors were co-micro- injected into fertilized eggs of the F, (C3 H and C57BL/6) hybrid females crossed with C57BL/6 male. Two of the six constructed transgenic lines, K19-C2mE-2 and K19-C2inE-8 showed high expression levels of COX-2 and mPGES-1, and N2-backcrossed mice with CS7BL/6 of these lines were used for further analysis. Wild-type litterniates were used as controls.

Immunostaining: We investigated the expression status of estrogen receptor a and BRCA2 in the mucosal layer of male and female normal stomach tissue. Each gastric mucosal tissue sample was fixed with buffered formalin for 12 hours. Afterward, each tissue sample was embedded in a plastic box with paraffin. Each paraffin-embedded tissue is microtome-assisted to create 5 μm thick sections, and then thin section slides are prepared. Save the thin-sectioned slides in the cryoprotection solution. Transfer slices from the cryoprotection solution to 0.1 M PBS at room temperature. Rinse three times for 10 min each, with 0.1 M PBS. Incubate slices for 30 min in endogenous peroxidase blocking solution to inactivate endogenous peroxidase. Rinse 3 times, 10 min each, with 0.1 M PBS. Optionally, perform antigen retrieval (see section 5). Incubate slices for 20 min with 2 N HCl at 37 °C. Rinse in 0.1 M borate buffer (8.5 pH) for 10 min. Rinse 3 times for 10 min each, with ice-cold 0.1 M PBS. Incubate slices for 2 h at room temperature with PBS++ (blocking solution). Incubate with anti- estrogen receptor a primary antibody (mouse host) (Cat. # 12255-1-AP, Proteintech Group, Inc, Rosemont, IL, USA) and anti-BRCA2 primary antibody (mouse host) (Cat. # 29450-1-AP, Proteintech Group, Inc, Rosemont, IL 60018, USA) at concentration of 1:250 in PBS+ overnight at 4 °C. On day 2, rinse the slices 3 times for 10 min each with 0.1 M PBS. Incubate with 1:250 HRP-conjugated secondary antibody (anti-mouse) (Cat # G-21234, Invitrogen, Thermo Fisher Scientific, Waltham, MA USA) in PBS+ for 2‒4 h at room temperature. Rinse 3 times for 10 min each with 0.1 M PBS. Transfer slices to DAB Peroxidase (HRP) Substrate solution and incubate for 2‒10 min. When slices become dark grey, visualize the tissue with a microscope. If positive cells are present, rinse 3 times (for 15 min each) with tap water (to reduce background). Wash 3 times for 10 min each with 0.1 M PBS. Carefully mount slices on gelatinized slides using a soft brush, air dry overnight at room temperature. Counterstain, add permanent mounting medium and place coverslips. Store at 4 °C for up to 6 months.

Western Blotting
The expression of estrogen receptor a and BRCA2 in gastric adenocarcinoma cells (AGS cells and MKN28 cells) was confirmed using SDS-PAGE and western blot analyses. Two types of gastric adenocarcinoma cells (AGS cells and MKN28 cells) (105 cells each) were seeded in a 10 cm chalet and cultured at 37°C for 12 hours. After 12 hours of culture, four different concentrations of estrogen (Cat. #056-04044, FUJIFILM Wako Chemicals, Osaka city, Osaka, Japan) and progesterone (Cat. # 160-24511, FUJIFILM Wako Chemicals, Osaka city, Osaka, Japan) were added to the culture medium to achieve final concentrations of 0, 5, 20, and 50 nM, and cultured for another 12 hours. Subsequently, each cultured cell was treated with a lysate solution (Cat. # R0278-50ML, Merck KGaA, Darmstadt, Germany). To examine the estrogen receptor a and BRCA2 expression status in each cultured cell in response to estrogen and progesterone stimulation, analysis was performed using a standard Western blot protocol.

Reverse Transcription-polymerase Chain Reaction Analysis (RT-PCR)
The expressions of BRCA2, estrogen receptor a and β-actin transcripts were examined using RT-PCR. Total RNA was prepared from human gastric adenocarcinoma cells (AGS cells and MKN28 cells), cultured breast cancer (MCF7) and cervical cancer (HeLa) cells using TRIzol reagent according to the manufacturer's protocol (Invitrogen Co., CA, USA). The RNA was reverse-transcribed with the Superscript II enzyme (Invitrogen Co.) and single stranded cDNA was used for amplification. BRCA2, estrogen receptor a and β-actin transcripts were subjected to PCR with the appropriate primer sets following a program of 35 cycles at 94°C for 30 s, 60°C for 30 s and 72°C for 1.5 min with an additional 5 min for the extension of transcripts15. The primers were used as follows: human BRCA2 (F 5′-GGCTTCAAAAAGCACTCCAGATG-3′, R 5′-GGATTCTGTATCTCTTGACGTTCC-3′), human estrogen receptor a (F 5′-CCACTATGGTGTGGCATCCTGT-3′, R 5′- GGTGATCTCACACTCGTTGGAG-3′), and β-Actin (F 5′-CACCATTGGCAATGAGCGGTTC-3′, R 5′-AGGTCTTTGCGGATGTCCACGT-3′). These experiments were conducted at Shinshu University in accordance with local guidelines (approval no. 4737, no. 150 and no. M192).

I. Wang SC, Shao R, Pao AY, Zhang S, Hung MC, Su LK. Inhibition of cancer cell growth by BRCA2.  Cancer Res. 2002 Mar 1. 62(5):1311-1314.
II. Swaminathan S, Ellis HM, Waters LS, et al. Rapid engineering of bacterial artificial chromosomes using oligonucleotides. Genesis 2001; 29: 14–21.
III. Oshima H. et al. “Carcinogenesis in mouse stomach by simultaneous activation of the Wnt signaling and prostaglandin E2 pathway”, Gastroenterology, 2006; 131: 1086-1095.
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FoundationOne1CDx workflow. CAP = College of American Pathologists; CDx = companion diagnostic; CLIA = Clinical Laboratory Improvement
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FoundationOne®CDx
FDA-approved tissue-based broad companion diagnostic for all solid tumors, indicated for more than 35 targeted therapies. FoundationOne®CDx is the first FDA-approved tissue-based broad companion diagnostic (CDx) clinically and analytically validated for all solid tumors. The test was designed to provide physicians with clinically actionable information, both to consider appropriate therapies for patients and understand results with evidence of resistance based on the individual genomic profile of each patient’s cancer.

Test results include microsatellite instability (MSI) and tumor mutational burden (TMB) to inform immunotherapy decisions and the HRD signature for all solid tumors. PD-L1 immunohistochemistry (IHC) testing# can be ordered as an optional add-on test. Foundation Medicine’s test portfolio enables easily reflex FoundationOne CDx, a tissue-based test, to FoundationOne®Liquid CDx, a blood-based test, or vice versa. 
For FoundationOne CDx samples, the basic procedure involves the pathologist preparing formalin-fixed paraffin-embedded (FFPE) tumor tissue blocks by macrodissection or other methods to meet the requirements for tumor content, section thickness, and number of sections and then submitting the blocks at room temperature along with a dedicated request form.

Procedure for creating samples
Specimen Selection

Review the pathology report and slides, and select the block with the highest tumor volume.
Initial biopsy/surgical specimens are often recommended over reconstructed specimens (haigan.gr.jp) 

Tumor Area Marking

The pathologist marks the tumor area on the HE specimen.

Estimate the tumor content and confirm whether it meets the criteria (haigan.gr.jp)

Preparation of Unstained Sections

Prepare serial sections of the specified thickness and mount them on non-fluorescent slides.
Prepare the required number of sections plus spares, and clearly label them.

Macrodissection (if necessary)

If the tumor is scattered, collect only the tumor portion using a scraper or similar tool along the markings.

Tumor Content Implemented to increase the success rate.

Packaging and Submission

Order through the facility's designated testing request system.
Seal the sample in a container that can be transported at room temperature, along with copies of the dedicated request and consent forms.

Points to Note
Decalcified bone samples and samples with strong DNA degradation due to long-term storage may be deemed unsuitable (haigan.gr.jp)
As the mutation profile may change in samples after pre-treatment, check the recommended timing in the guidelines (haigan.gr.jp)
For specific required section counts, containers, and labeling methods, be sure to refer to each facility's "Primary Sample Collection Manual" and the testing center's testing guide. 

FoundationOne®Liquid CDx
FDA-approved blood-based companion diagnostic for all solid tumors, indicated for more than 15 targeted therapies. FoundationOne®Liquid CDx is an FDA-approved companion diagnostic that analyzes guideline-recommended genes from a simple blood draw. It is the only FDA-approved blood-based test that analyzes over 300 genes**, making it the most comprehensive FDA-approved liquid biopsy commercially available. In addition, as a professional service that has not been reviewed or approved by the FDA, this test reports blood tumor mutational burden (bTMB), high microsatellite instability (MSI-H), and tumor fraction values1.

With targeted therapy options, comprehensive genomic profiling using Foundation One Liquid CDx can help guide treatment strategies and predict patient benefits across multiple cancer indications. Foundation Medicine’s test portfolio enables easy reflex of FoundationOne Liquid CDx, a blood-based test, to FoundationOne®CDx, a tissue-based test, or vice versa.

Measure estrogen levels
How to measure estrogen levels in blood: For a blood test: A health care professional will take a blood sample from a vein in your arm, using a small needle. After the needle is inserted, a small amount of blood will be collected into a test tube or vial. Asuka Pharmaceutical Medical Co., Ltd.(Fujisawa-city, Kanagawa, Japan) has developed numerous steroid measurement methods using LC-MS/MS. In particular, our methods feature high-sensitivity measurement achieved through purification operations that remove impurities that reduce detection sensitivity in derivatization and mass spectrometry. This technology has enabled ultra-high-sensitivity measurement of estradiol (E2) and estrone (E1).

Ethical Considerations and Registration
The study protocol complied with the Declaration of Helsinki and the Ethics Guidelines for Clinical Research published by the Ministry of Health, Labor, and Welfare of Japan. We obtained approval for this study from the institutional review board of Kyoto University Hospital on June 23, 2011. The protocol and informed consent forms were approved by the ethics committee.

Survival curves of gastric cancer patients with low and high BRCA2 expression, separated by gender
Kaplan-Meier plots summarize results from analysis of correlation between mRNA expression level and patient survival. Patients were divided based on level of expression into one of the two groups "low" (under cut off) or "high" (over cut off). X-axis shows time for survival (years) and y-axis shows the probability of survival, where 1.0 corresponds to 100 percent.

	
	Alive
	Dead
	Female
	Male
	X log

	cases
	N=203
	N=143
	N=123
	N=223
	




	
	n/a
	Stage I
	Stage IA
	Stage IB
	Stage II

	Cases
	N=14
	N=1
	N=12
	N=32
	N=27

	
	Stage IIA
	Stage IIB
	Stage III
	Stage IIIA
	Stage IIIB

	Cases
	N=34
	N=49
	N=3
	N=57
	N=51

	
	Stage IIIC
	Stage IV
	
	
	

	
	N=32
	N=34
	
	
	



	Survival analysis

	Current cut off
	2.35
	P score
	0.032

	Best expression cut off
	2.35
	5-year survival high
	41%

	Median expression
	1.61
	5-year survival low
	33%

	Median follow up time
	1.3
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	Group
	F/M/Total cases
	Median Time
	5-years Rate

	BRCA2 Low 
	87/148/235 cases
	2.1 yrs (95% CI, 2.05 to 2,14)
	34.2% (32.6% to 35.1%)

	BRCA2 high
	36/75/111 cases
	3,7 yrs (95% CI, 3.5 to 3.94)
	41.2% (40.2% to 43.3%)



Please refer to Supplementary Material 7 for details regarding the gastric cancer stage and other information for each patient who participated in this clinical study.

Data Availability Statement: The details of the materials and methods are indicated in the online supplementary file. The data is stored and available within the repository-external to the journal's homepage-and has been made public. 

Statistical Analyses: The differences between low-BRCA2 (235 cases) and high-BRCA2 expression (111 cases), as shown in the figure, were evaluated using the Mann‒Whitney U test for continuous variables and Fisher's exact test for categorical variables. A significance level of p<0.05 was used. Statistical analysis was performed using R version 4.0.2 and GraphPad Prism v.9.0
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Suppl   1 .   M aterial and Methods       P roduce   of   Gan tgB rca 1   and  Gan tgB rca 2   MMTV - BRCA1 transgenic constructs :   Diagram of the  BRCA1   cDNAs used for the generation of  transgenic animals. The expression of wild type  BRCA1   is   controlled by the MMTV - LTR promoter.  The  BRCA1   cDNAs were each inserted into the third exon of the rabbit  ß - globin   gene ( β - g ). The bar  indicates the RING finger motif, the hatched region corresponds to the nuclear localization signals  and the negative symbols ( - ) indicate the negatively charged C - terminal domain with transactivation  function.     Generation and Maintenance of BRCA1 Transgenic Mice :  The   Xho   I BRCA1 fragments were  microinjected into the male pronucleus of (C57BL/6x DBA/2) F1 fertilized mouse embryos and  implanted into pseudopregnant   ICR surrogate mice by the Transgenic/ES Cell Shared Resource  Facility. Founder mice were bred to C57BL/6 J   mice to establish transgenic lines. All animals used in  these studies were handled in strict compliance with  Shinshu  University   School of Medicine,   Animal  Care Committee regulations.     To identify transgenic animals by PCR, 1µ L   of genomic tail DNA was added to a 50µ L   reaction  volume [1x PCR buffer II, 1.5mM MgCl 2 , 200nM each of rabbit  ß - g   forward 5' - GTCTCGGAT  CCTCAGAAGGTGGTGGCTGGTGTGG - 3' and rabbit  ß - g   reverse 5' - GAACTAGGTACCGGCAT   ATGTTGCCAAACTCTAAACC - 3' primers, 200µM each dNTP, and 2.5 units of AmpliTaq DNA  polymerase (Perkin - Elmer)]. Cycling conditions consisted of 94 o C for 6 min, followed by 25 cycles  of 94 o C for 30 sec, 64 o C for 60 sec, and 72 o C for 90 sec, and a final extension at 72 o C for 3 min. The  PCR product was a 260bp fragment of the rabbit  ß - g   exon 3 contained in the transgene construct.     The copy number of founder transgenic animals was estimated by determining the amounts of DNA  equal to one copy of the integrated transgene. The approximate number of base pairs of the promoter  and transgene injected (8400bp for MMTV - BRCA1) was divided by  the approximate size of the  mouse haploid genome (3 x 10 9   bp). Thus, 2.8pg of the promoter/transgene fragment is equal to  approximately one copy of the integrated MMTV - BRCA1 transgenes per 1µg of genomic DNA,  while 1.3pg is equal to approximately one copy of the integrated MMTV - BRCA1t340 transgene per  1µg of geno mic DNA. The relative intensity of probe hybridization was compared using a Bio - Rad  Model GS 670 Imaging Densitometer.     CMV - BRCA2 transgenic constructs:  To construct p236BRCA2, the pcDNA3 vector was first  modified by inserting a 236 - bp fragment of the 5' untranslated region of BRCA2 between the KpnI  and NotI sites. The assembled full - length BRCA2 cDNA was then inserted at the XhoI site of this  plasmid. The   5' UTR of BRCA2 was obtained by RT - PCR using primers 5' - GGTACCGGTG  GCGCGAGCTTCTGA - 3' and 5' - GCGGCCGCAACTACGATATTCCTCCAAT - 3'.   The pcDNA3  236HSC WT (BRCA2) was a gift from Mien - Chie Hung (Addgene plasmid # 16246;  http://n2t.net/addgene :   16246; RRID:Addgene_16246)   ( I )           Generation and Maintenance of BRCA 2   Transgenic Mice :   The  BRCA2   was generated using 

