
1 

Supplementary Materials 
 
Supplementary Materials and Methods 
An expanded materials and methods section with more detail. 
 5 

Supplementary figures include: 
Fig. S1. Development of the pre-metastatic niche (preMN), metastatic niche (MN), and synthetic diagnostic site. 
Fig. S2. Development of E0771 Lu.2 (Lu.2) cell line for studies in C57BL/6 
Fig. S3. Surgically biopsied and core needle-biopsied implants with associated total RNA extraction 
Fig. S4. Gating scheme for flow cytometry analysis of adoptive transferred cells. 10 

Fig. S5. Clustering of high-dimensional data from OpenArray™ analysis 
Fig. S6. Statistical box plots of gene expression for disease progression, Lu.2 model, lung, and lung studies 
Fig. S7. Additional scRNA-seq genes for 10 gene panel 
Fig. S8. Experimental and computational pipeline 
Fig. S9. Resection data Kaplan-Meier curve and statistical line plots for individual genes 15 

Fig. S10. Kaplan-Meier curves for breast cancer patients based 10-gene panel 
 
Supplementary Data Files (uploaded as individual files) include: 
Data File S1 NCBI GEO formatted submission for OpenArray™ RT-qPCR data including: ID_REF, Gene 
Symbol, Reference/Target use, Catalog Number, Assay Type, Gene Name, Alias, RefSeq Accession Number, 20 
GenBank mRNA Numbers, Target Species, Amplicon Length, Platform, Raw Non-Normalized Cq, Reference 
Gene Normalized ΔCq and ΔΔCq Fold Changes. 
Data File S2 RT-qPCR data including: Raw Non-Normalized Cq, Reference Gene Normalized ΔCq. Format 
similar to NCBI GEO template with ID_REF, Gene Symbol, Reference/Target use, Catalog Number, Assay Type, 
Gene Name, Alias, RefSeq Accession Number, GenBank mRNA Numbers, Target Species, Amplicon Length, 25 
and Platform. 
Data File S3 Annotated Matlab output for OpenArray™ and CFX gene expression analysis and signature 
development via singular value decomposition and bagged decision tree ensemble including raw figures from 
manuscript to correlate with associated code. 
Data File S4 Workbook organized into spreadsheets detailing statistical findings for the manuscript including all 30 
exact F and p values. Syntax for SPSS analysis is listed at the top of each sheet for subsequent statistical tests. 
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Supplementary Materials and Methods 
Microporous PCL scaffold fabrication 
Poly(ε-Caprolactone) (PCL) microspheres were prepared by emulsifying (homogenization at 10,000 rpm for 1 35 
minute) a 6% (w/w) solution of PCL (Lactel Absorbable Polymers) in dichloromethane in a 10% poly(vinyl 
alcohol) solution, which was then stirred in DI water for 3 hours. Particles were collected by centrifugation, 
serially washed with MilliQ filtered water, then lyophilized. Salt porogen (NaCl) with a size range of 250-425 
μm was selected through sieving. PCL microspheres and NaCl were then mixed in a 1:30 (w/w) ratio and pressed 
at 1,500 psi in a stainless-steel die (International Crystal Laboratories) for 45 seconds. The volume and die size 40 
used results in a PCL/NaCl disc that is 5 mm wide and 2 mm thick (Fig. 1a). PCL/NaCl discs were heated on 
disinfected glass slides to 135°C for 5 minutes per side. NaCl was then removed via leaching in MilliQ water for 
1.5 hours. The resulting microporous PCL scaffolds were disinfected in 70% ethanol then serially rinsed in sterile 
filtered MilliQ water. Scaffolds were dried on a sterile gauze and stored at -80°C until time of implantation.  
Animals and scaffold implantation 45 

Microporous PCL scaffolds were implanted in the subcutaneous space of female mice to facilitate cellular 
infiltration and development of a foreign body response for subsequent isolation and analysis. All animal studies 
were performed in accordance with institutional guidelines and protocols approved by the University of Michigan 
Institutional Animal Care and Use Committee. Female mice of the BALB/c and C57BL/6 strains were purchased 
from Jackson Laboratories at an age of 8 weeks. For implantation, mice were administered the analgesic 50 
Carprofen (5mg/kg) prior to and 24 hours after surgery. Mice were anesthetized under isoflurane (2.0-2.5%) and 
assessed by toe pinch reflex for level of sedation. The upper dorsal area above the scapula was then shaved and 
prepared using betadine and ethanol swabs. An incision (approximate 7-10 mm from anterior to posterior) was 
made in the upper dorsal area. A subcutaneous cutdown created a pocket in the lateral direction on the left and 
right sides of the mouse. A single scaffold was then inserted into each pocket. Two scaffolds were implanted for 55 
mice used to identify the initial gene expression changes and develop a signature. The incision line in these mice 
was closed with 7 mm stainless-steel wound clips (Roboz Surgical Instrument Co.). An array of eight scaffolds 
was implanted in mice used for longitudinal monitoring of disease course after therapy. Skin in these mice was 
closed with suture (MONOCRYL – poliglecaprone 25, Ethicon, Inc.). 
Metastatic tumor cell lines and animal inoculation 60 

Orthotopic inoculation of tumor cells was performed 2 weeks after scaffold implantation. 4T1-luc2-tdTomato 
cells were obtained from Perkin Elmer which had been authenticated previously via short tandem repeat (STR) 
and comparison with ATCC STR database. E0771 GFP+ cells were a kind gift from the Laboratory of Gary and 
Kathryn Luker at the University of Michigan Center for Molecular Imaging. To develop a more aggressive 
metastatic cell line, we employed a serial inoculation strategy that began when a C57BL/6 mouse inoculated with 65 
the parental line exhibited secondary metastatic growths at many sites including: lung, brain, mesentery, and 
diaphragm. Cells derived from the original lung (Lu.1) and brain (Br.1) metastases were then inoculated via 
intracardiac injection, which resulted in brain and lung metastases that were again isolated as Lu.2 and Br.2. Both 
Lu.1 and Lu.2 showed a stronger inclination for metastatic colonization of the lung (Fig. S2e), similar to reports 
on 4T1 phenotype. 4T1-luc2-tdTomato (BALB/c) or E0771 Lu.2 (C57BL/6) syngeneic tumor cells were 70 
orthotopically inoculated at a density of 40,000 cells/μL for a total of 800,000 in 20 μL of sterile Dulbecco’s 
phosphate buffer saline (DPBS; Gibco). Inoculation was performed by making a small incision (5mm dorsal to 
ventral) above the 4th right mammary fat pad. The mammary fat pad was exposed, injected, then the skin was 
closed with tissue adhesive (3M Vetbond™). Tumor measurements were taken daily, starting at Day 7, and 
calculated with the conventional ellipsoid equation ((width^2)*length)/2. 75 

Biopsies tissue of scaffold, blood, and lung tissue 
Biopsies of tissue from microporous scaffolds, leukocytes from blood, and lung tissue were isolated to study gene 
expression changes due to disease progression. Microporous scaffolds that had been implanted for either 7, 14, 
or 21 days following inoculation of primary tumors (as indicated in figures) were surgically biopsied following 
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isoflurane (2.0-2.5%) sedation by making an incision adjacent to the implant site and removing the implant 80 
without taking surrounding tissue. Using this surgical biopsy ensure we sampled the implant and eliminated 
caveats associated with biopsies of regenerated tissue in the implant, yet this aspect would need to be analyzed 
for translation. For core-needle biopsy (CNB) of the implant, a disposable CNB tool (Bard® Mission® Disposable 
Core Biopsy Instrument) was inserted through the skin and used to isolate a portion of the implant and infiltrating 
tissue (Fig. S3b), which enables minimally invasive retrieval of samples. Leukocytes were isolated from blood 85 
via an intracardiac blood draw stabilized by EDTA. Erythrocyte lysis in EDTA-treated blood samples was 
performed with Ammonium-Chloride-Potassium (ACK) Lysing Buffer (Gibco) with serial washes in DPBS. 
Lung tissue from time-matched healthy control and tumor-bearing mice at Day 21 were isolated for endpoint 
comparative analysis following euthanasia. 
Surgical resection of primary tumor and longitudinal tracking 90 

To test the responsiveness of the tissue biopsied from implants to therapeutic treatment mammary gland removal 
was performed on the 4T1 primary tumor that had been inoculated in the 4th right mammary fat pad of BALB/c 
mice. In this model, the primary tumor was resected 14 days after inoculation, which aligns with the time point 
for the initial set of experiments to study the progressive changes in the tissue within implants as a function of 
disease course. The skin above the primary tumor was prepared by swabbing with betadine and ethanol. A dermal 95 
incision was made adjacent to the primary tumor for the length of the primary tumor and mammary fat pad 
(approximately 1 cm). Large vessels surrounding the primary tumor were cauterized using a Gemini Cautery 
System (Roboz Surgical Instrument Co.). Iris scissors were used to cut connective tissue to separate the mammary 
fat pad and contained primary tumor from the superficial dermal and underlying body cavity wall. The dermal 
incision was closed using suture (MONOCRYL – poliglecaprone 25, Ethicon, Inc.). Following tumor resection 100 
and mammary gland removal, animal health was monitored daily for activity and responsiveness, including 
posture, mobility, body weight, grooming behavior, and respiratory conditions. Animals were euthanized if found 
in a moribund condition or when a primary tumor regrowth was positively identified. 
RNA isolation, purity, integrity, and cDNA synthesis 
Total RNA was isolated from tissue biopsied from implants, lung tissue, and leukocytes from blood. Frozen (-105 
80°C), surgically biopsied scaffolds were immersed in monophasic solution of phenol and guanidine 
isothiocyanate (TRIzol® reagent, Thermo Fisher Scientific, Waltham, MA) at 4°C, then homogenized with a 
rotor stator homogenizer (T25, S25N-8G-ST dispersing element, IKA® Works, Inc.). Samples were then 
centrifuged at 10,000g to remove particulate, and the TRIzol® containing genomic content from the scaffold was 
then processed in a silica-based matrix spin column (Direct-zol™ RNA Miniprep Plus, Zymo Research Corp., 110 
Irvine, CA) with DNase I treatment to isolate total RNA. Concentration (modified Beer-Lambert at 260nm) and 
purity (260nm/280nm absorbance ratio) of the RNA isolation was assessed by light absorbance via a NanoDrop 
2000c (Thermo Fisher Scientific). Additionally, RNA integrity number (RIN) analysis was obtained through RNA 
fragment analysis (RNA 6000 Nano Kit on a 2100 Bioanalyzer, Agilent Technologies, Inc., Santa Clara, CA). 
RIN for samples used in high-throughput RT-qPCR ranged from 8.2-9.7. Generation of first strand cDNA was 115 
performed through reverse transcription (RT, SuperScript™ VILO™ cDNA Synthesis Kit, Thermo Fisher 
Scientific). For all RT-qPCR of tissue biopsied from implants, RT was performed with an RNA concentration of 
200 ng/μL. cDNA was either used immediately for RT-qPCR or stored at -80°C. Frozen lung tissue biopsy RNA 
was isolated in similar fashion to implants with RT performed at an RNA concentration of 200 ng/μL. Blood 
leukocyte RNA was isolated by thoroughly mixing blood leukocytes following ACK lysis in TRIzol, then 120 
processing for RNA and performing RT at 100 ng/μL due to limited quantities of total RNA. RNA concentration 
was increased to 200 ng/μL (niches and lungs) or 100 ng/μL (blood) using a RNA clean-up kit (RNA Clean & 
Concentrator-5, Zymo Research Corp.) for samples below these thresholds. 
OpenArray™ high-throughput RT-qPCR 
Tissue biopsied from implants was analyzed for gene expression with OpenArray® (OA), a high-throughput RT-125 
qPCR platform that analyzes 648 genes per sample in parallel, in accordance with the standard OA protocol. All 
materials used in this section were purchased from Thermo Fisher Scientific. Briefly, the genes for this study 
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were focused on the immune pathways and included a panel of 16 reference (housekeeping) genes per sample 
(Applied Biosystems™ TaqMan™ OA Mouse Inflammation Panel, Cat. No. 4475393). cDNA from tissue 
biopsied from implants in tumor-free healthy controls (n=14 total tumor-free control) and tumor-bearing mice 130 
(n=14 total tumor-bearing) across the three time points of 7 (n=3), 14 (n=8), and 21 (n=3) days were mixed with 
2X TaqMan® OA Real-Time Master Mix then loaded onto the OA panels via a robotic OA AccuFill™ System 
in an order that staggered conditions and time points across the panels analyzed. The OA RT-qPCR run 
(QuantStudio 12K Flex Real-Time PCR System, ThermoFisher Scientific) and sample quality control were 
performed by the Affymetrix Group at the University of Michigan DNA Sequencing Core. In accordance with 135 
OA standard operating procedure, Cq was calculated as Crt, a curve-specific method. 
Analysis of gene expression and selection of genes of interest 
Gene expressions from OA was screened to identify genes of interest during disease course. First, genes with 
insufficient data within samples (missing greater than 4/14 per cohort or 2/3 per time-point) were dropped from 
the study, resulting in 559 genes for full analysis. Next the 16 reference genes were ranked according to their 140 
expression stability compared to each other and as a function of experimental design (NormFinder Algorithm), 
which led to the selection of Gapdh, Tbp, Ywhaz, Hmbs, and Ubc. ΔCq values were calculated against the average 
of the reference genes, centered on median of time-matched tumor-free controls, then standardized for cluster and 
multivariate statistical analysis. From ΔCq data fold change, significance (uncorrected p and false-discovery rate 
corrected q), at Days 7, 14, and 21 were calculated. For computational analysis ΔCq values are log2 transformed 145 
and centered on the healthy, tumor-free control time-matched median as reflected in the figure box plots, which 
show the median, 25th-75th percentiles and most extreme data points not considered outliers (outliers are visually 
indicated by +). Management of non-detects within the OA data was handled in two manners: for multivariate 
statistical analysis non-detects were interpolated based on the ΔCq average across all cohorts and time points, and 
for signature construction non-detects were interpolated based on the ΔCq average for a specific cohort at a 150 
specific time point. 
10-gene panel RT-qPCR analysis in 96-well format 
Experiments for signature validation, analysis of blood, lung and post-excision monitoring was performed by RT-
qPCR analysis in 384-well and 96-well plate formats using matched Taqman® probes from the OA platform (see 
Supplementary Data 1 for probe details). Like the OA RT-qPCR, samples were staged within plates alternating 155 
between tumor-free control and tumor-bearing. The same 5 reference genes (Gapdh, Tbp, Ywhaz, Hmbs, Ubc) 
were run in parallel with the 10 target genes of interest (Bmp15, Camp, Ccl22, Ccr7, Chi3l3, Ela2, Ltf, Pglyrp1, 
S100a8, S100a9) for all studies in BALB/c mice. Ywhaz and Ubc were only used for the C57BL/6-E0771 analysis 
due to poor detection and poor stability in Gapdh, Tbp, and Hmbs reference genes. Analysis was performed on a 
CFX Connect™ Real-Time PCR Detection System (Bio-Rad Laboratories, Inc., Hercules, CA) with CFX 160 
Manager Software that calculated the Cq values based on the regression analysis mode, which applies a 
multivariable, nonlinear regression model to each well trace. For signature computation and multivariate statistics, 
non-detects were interpolated based on ΔCq average across all cohorts and time points to limit predictive bias, 
which could be exaggerated by use of a static, arbitrary ΔCq. Non-detects were left blank for univariate, multiple 
comparison, and linear mixed model analysis. The gene expression dynamics of tissue biopsied from implants 165 
and blood gene expression dynamics were compared by goodness of fit using a normalized root mean square error 
cost function on a linear polynomial curve fit between Days 7, 14, and 21. Cohort centering was used to align the 
longitudinal data from the therapy study for subsequent signature analysis. The median of the therapy cohorts 
Day 0 pre-excision was centered on the OA Day 14 data median, which was experimentally equivalent. The 
calibration factor used for aligning therapy cohorts Day 0 to OA Day 7 was applied to all successive time points. 170 

Single-cell RNA-seq of immune cells in tissue biopsied from implants 
Scaffolds were implanted in BALB/c mice 14 days before the mice were inoculated with 4T1 metastatic triple 
negative breast cancer cells in the fourth right mammary fat pad. After an additional 14 days, the scaffolds were 
removed and digested in order to obtain a single-cell suspension. Erythroblasts were lysed through sequential 
exposure to 0.2% NaCl and 1.6% NaCl. The cells were prepared for single-cell sequencing using Drop-Seq. 175 
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mRNA was collected from each cell and subsequently converted to cDNA before being taken through 
tagmentation and PCR. Sample quality and DNA concentration were assessed with a Bioanalyzer 2100 before 
submission to the DNA Sequencing Core at the University of Michigan. Samples were pooled and sequenced on 
the Illumina HiSeq-4000. The final reads were mapped to the mm10 mouse reference genome to quantify gene 
expression and a read-count matrix was assembled. Single-cell gene expression was conducted using Seurat, an 180 
open source program in R developed by the Satija lab at the New York Genome Center. The matrix was filtered, 
normalized and scaled before using PCA and tSNE to identify clusters. Identification of each cluster was 
conducted using known cell markers.  
Adoptive transfer and implant trafficking analysis of Ly6G+ and Gr-1+Ly6G- immune populations 
Splenocytes were isolated from 4T1 tumor-bearing BALB/c mice. G-MDSCs (Ly6G+) and M-MDSCs (Gr1+ 185 
Ly6G-) were taken from splenocytes by magnetic bead separation using the Myeloid-Derived Suppressor Cell 
Isolation Kit (Miltenyi Biotec). G-MDSCs and M-MDSCs were labeled with lipophilic membrane dyes DiD and 
DiO (ThermoFisher), respectively. Cell staining was performed at a concentration of 2E6 cells/mL in 5µM dye 
solution at 37°C for 20 minutes. Cells were quantified after staining, and 5E6 live labeled G-MDSCs and 5E6 
live labeled M-MDSCs were injected i.v. into disease-free or Day 7 tumor-bearing donor mice. Donor BALB/c 190 
mice had been implanted with scaffolds 21 days prior to adoptive transfer of labeled cells. Scaffolds were isolated 
36 hours after adoptive transfer, and labeled G-MDSCs and M-MDSCs in the scaffold were quantified by flow 
cytometry. 
Gene expression dimensionality reduction and classification 
Genes of interest were identified based on fold-change, level of significance, and expression stability over time. 195 
Expression stability was defined as a continuous trajectory for the expression of a gene. Panel selection was 
confirmed by an Elastic Net regularization, which identified how predictive a gene was of the tumor-bearing state, 
irrespective of timepoint. Elastic Net regularization, a variation of the LASSO (least absolute shrinkage and 
selection operator) algorithm with an α=0.1 and leave-one-out cross validation, was employed using the Matlab 
lasso function on the ΔCq of the 559 genes with sufficient data. This data indicated the predictive nature of genes 200 
for tumor-bearing classification at specific time points (Fig. S3b). Clustering of samples was performed with the 
Matlab clustergram function on standardized ΔCq data. Dendograms indicate clustered genes and samples, in 
which samples are indicated on the x-axis and genes expressed are indicated on the y-axis with a complete linkage 
and a display range of -3.5 to +3.5. Unsupervised dimensionality reduction was performed using singular value 
decomposition (X=USVT) with the Matlab svds function on the 10-gene and 4-gene panels standardized ΔCq 205 
values centered on the time-matched tumor-free controls. The first 3 principle components (PCs) were computed 
from the first 3 left singular vectors (columns of U, eigenassays) and singular values (diagonal matrix S). 
Unsupervised separation of the samples was visualized by plotting the PCs in 3D scatter, which was quantified 
by calculating the Euclidean distance in PC1 and PC3 to each sample from the centroid of all the tumor-free 
controls. Distance calculations were scaled between 0 and 1. A supervised machine learning algorithm, bootstrap 210 
aggregated (bagged) decision tree ensemble (i.e., Random Forest™), was used to construct a predictive model 
based on the 10-gene and 4-gene panels standardized ΔCq values centered on the time-matched tumor-free 
controls. The model was constructed using the Matlab core fitcensemble function with the Bag method. Decision 
tree depth was limited by the number of splits to 1.5 times the number of input predictors (genes). The number of 
learning cycles for final model was set to 250 cycles. A partitioned model and leave-one-out cross-validation was 215 
performed using the Matlab crossval and kfoldPredict functions, which returned the posterior probability for 
classification of each sample. 
Statistics 
This section details the statistical tests used to evaluate the hypotheses. Error bars are defined within figure 
legends, with all line plots indicating standard error of the mean. The exact n for each test is detailed in the legends 220 
along with the methods for multiple comparisons corrections. All n throughout the manuscript indicate biological 
replicates from different mice. Exact values for significant and non-significant p values, F values, and degrees of 
freedom are available in the Data File S4. During the initial screen of the OA data and selection of genes of 
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interest, a false-discovery rate corrected two-tailed t-test using a linear step-up procedure to account for all genes 
analyzed (559 total following elimination of genes that did not contain sufficient sample) contrasted samples from 225 
tumor-bearing mice and healthy time-matched tumor-free controls. These tests were carried out in Matlab using 
the mattest and mafdr functions. All statistical indicators within the manuscript were computed using packages 
and syntax in the Statistical Package for the Social Sciences (SPSS, International Business Machines Co., 
Armonk, NY). Multiple comparisons analysis for comparisons with an individual time point were compared via 
an independent Student’s two-tailed t-test with Dunn–Šidák correction for multiple comparisons resulting in a 230 
p<0.0051 being considered significant. Two-way multivariate analysis of variance (MANOVA) for genes of 
interest and reduced dependent variables (SVD score or bagged tree prediction) were performed within the 
generalized linear model (GLM) syntax package using the BY command for condition and time. First, Pillai’s 
Trace statistic (p<0.05) was used to determine MANOVA significant interaction effects. Second, fixed-effects 
ANOVA was used to assess univariate interaction effects. Last, following determination of multivariate and 235 
univariate interaction effects, a post-hoc simple effects analysis was computed with Šidák correction from an 
initial p<0.05 for multiple comparisons to determine within groups over time and between groups at Days 7, 14, 
and 21. To analyze the differences within mice tracked longitudinally before and after a therapeutic tumor 
excision a Linear Mixed Model (LMM) was employed. The SPSS syntax for the LMM is available in the prepress 
repository. First, two-way ANOVA within the LMM was assessed for significant (p<0.05) or trending (p<0.1) 240 
interactions. Last, post hoc simple effects analysis indicated significant differences (p<0.05) within groups over 
time and between groups at Days 7, 14, and 21. Within the figures the focus for within group effects was how the 
gene expression, SVD, or bagged tree data changed from pre-excision (Day 0) to post-excision (Days 7, 14, and 
21). 
Breast cancer patient microarray Kaplan-Meier correlation 245 

A repository of human patient microarray data was analyzed for gene expressions correlations with high or low 
gene expression and patient recurrence free survival (RFS). Microarray data from Gene Expression Omnibus 
(GEO) via Kaplan-Meier Plotter (KMPlot, kmplot.com/analysis/) and prognosis data were queried for the 10-
gene panel from the implant-derived data to determine the expression level relevance in primary tumors on the 
clinical outcome of systemically untreated breast cancer patients. Separation of high and low gene expression 250 
profiles was automatically divided by the median expression of the genes for all samples – n=818 for recurrence-
free survival and n=379 for overall survival. Redundant and outlier microarrays were excluded, and only breast 
cancer patients that were systemically untreated were included. Data outputs for Hazard Ratio (HR) and logrank 
significance are indicated in plots with multiple comparisons corrected using the KMPlotter tool for false-
discovery rate (FDR) with FDR 10% corrected significance FDR 5% corrected significance. 255 

Protocol and material availability 
Many of the experimental protocols including scaffold fabrication, RNA isolation, and RT-qPCR follow 
previously published or manufacturer recommended guidelines and additional specifics are available from 
authors. The lung-topic Lu.2 cell line derived from the parental E0771 tumor cell line is available from the authors. 
Data availability 260 

OpenArray™ raw Cq, ΔCq, and ΔΔCq data is prepared for deposition in the National Center for Biotechnology 
Information (NCBI) Gene Expression Omnibus (GEO). OA .eds files are available from authors upon request if 
access to quality controls (e.g., Cq confidence), amplification plots and Cq indicators are desired. All other data 
supporting the findings in this study are available within the paper and the supplementary data files. Single cell 
RNA-seq metadata, raw data, and processed data will be deposited in the ArrayExpress according to the Annotare 265 
sequencing template for single-cell submission. This includes cell-gene count matrix, cluster identifications, 
markers for identification, and the compressed raw sequence read files in the fastq.gz format. ArrayExpress and 
GEO repositories comply with MINSEQE and MIAME, respectively. 
 
 270 
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Code availability 
Code that used built-in Matlab packages is available in the supplementary data files alongside the raw data. The 
Matlab code and data output is available as the .m file but has been converted to an html with table of contents to 
simplify review of computational steps. SPSS syntax used for statistical analysis is available alongside the 
statistical outputs with full descriptive statistics and indications of significance or trends. The data output is 275 
organized by sheet to reflect each statistical analysis for the OA gene expression MANOVA, OA signature 
MANOVA, C57BL/6-Lu.2 model multiple comparisons t-tests, LMM output for excision 10/4-gene signatures 
and gene expression data, blood MANOVA, and lung multiple comparisons. The .xlsx output is in the 
supplementary data files alongside the raw data and code.  
  280 
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Fig. S1. Development of the pre-metastatic niche (preMN), metastatic niche (MN), and synthetic diagnostic site. 
Circulating tumor cells exhibit a tropism for specific distal microenvironments, thus indicating that metastasis is 
pre-determined. Development of these predetermined sites is driven by (1) systemic conditioning from the 
primary tumor through secretion of factors and exosomes, which is amplified by simultaneous conditioning of 285 
the bone-marrow and alterations in bone-marrow derived cells. (2) This process conditions distal tissues and 
contributes to the (3) aggregation of pre-metastatic immune cells and extracellular matrix proteins. (4) These 
primed distal microenvironments are denoted as the preMN and facilitate homing then colonization of (5) 
circulating tumor cells which (6) extravasate and (7) migrate into distal organs where they may become a (8) 
disseminated tumor cells if the conditions are hospitable. This disseminated tumor cell may then undergo a 290 
phenotypic shift to initiate a (9) metastatic secondary growth, thus leading to development of a metastatic niche. 
Given that the preMN contains a unique mixture of soluble factors, extracellular matrix, stromal and immune 
cells (e.g., cancer-associated fibroblasts and myeloid-derived suppressor cells, MDSCs), it is reasonable that 
preMN function could be synthesized through the recapitulation these unique factors at a synthetic site in vivo. 
This rationale underpins the development of material based synthetic diagnostic site that (2.1) is conditioned, 295 
(3.1) populated by disease associated immune cells, (4.1) develops characteristics of a preMN, and (7.1) captures 
metastatic tumor cells.  
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Fig. S2. Scaffolds from (a) left and (b) right side of a mouse inoculated with parental E0771 which developed a 
high metastatic burden which metastases present in the (c) brain and (d) lungs. Metastatic lines Br.1 and Lu.1 300 
were derived from the tumor cells from these brain and lung metastases, respectively. Serial inoculation via 
intracardiac injection and isolation of developed metastases (e) indicated a propensity for the lung derived 
metastases have an organotropic bias toward lung tissue. (f) Confirmation of fluorescent tumor cells in the 
scaffolds from a-b was verified by fluorescent microscopy of scaffold tissue sections. (g) In vivo imaging of Br.1 
and Lu.1 line 11 days following intracardiac inoculation.  305 
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Fig. S3. Implant microenvironment exhibits good tissue ingrowth and facilitates surgical and core-needle biopsies 
to acquire RNA for transcriptomic or gene expression analysis. (a) A surgically-biopsied implant illustrating the 
intact, frozen condition prior to RNA isolation and RT-qPCR assessment. (b) A sample derived from a scaffold 
using a core needle biopsy (CNB, Bard® Mission® Disposable Core Biopsy Instrument) which enables minimally 310 
invasive retrieval of samples, similar to clinical approaches for sampling suspicious tissue. In both samples tissue 
ingrowth into the microporous structure is evident but especially in the CNB as the cutting plane transected the 
inner core of the implant. Scaffolds as shown are in -80°C frozen state. Diameter of the black background circle 
is 7.5 mm. (c) Comparing the RNA isolated from the full surgically biopsied scaffold compared to the CNB 
sample, there is a significant -1.812 log-transformed fold change, but sufficient material for numerous gene 315 
expression assessments (RT-qPCR, RNAseq, etc.) with the CNB samples containing an average of 4376 ng of 
total RNA. * indicates differences between surgically biopsied and CNB samples from an unpaired t-test (p<0.05, 
n=8).  
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Fig. S4. Gating scheme for flow cytometry analysis of adoptive transferred cells. Supporting Fig. 2 these plots 320 
indicate the (a) cells and (b) singlet gating prior to (c) gating for DiO and DiD fluorescent lipophilic dyes. Axes 
in panel C are identical to those in panels D-F. Numbers on plots indicate percentage of gated cells in comparison 
to a) total events, b) gated cells, and c) single cells. Representative flow cytometry plots and gating for (d) PBS 
injected control mice and adoptively transferred Ly6G+ and Gr1+Ly6G- populations into (e) TFC and (f) TB 
mice.  325 
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Fig. S5. Experimental designs and OpenArray™ output for select genes with high fold-change and predictive 
value. (a) Results from OpenArray for TB mice at Days 7 (n=3), 14 (n=8), and 21 (n=3) along with time-
matched TFC mice (n=14). (b) Results from OpenArray selected for fold change TFC or TB. For panels b-c 
mice are indicated on x-axis and genes are indicated on y-axis with clustering done via Euclidian distance and 330 
average linkage. Genes indicated in red text on the y-axis were selected for the smaller 10-gene panel analysis is 
subsequent studies.  
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Fig. S6. Statistical plots to support heatmaps in main text and supplementary materials. (a) Box plots for gene 
panel heatmap in Fig. 1f show the median, 25th-75th percentiles and most extreme data points that were not 335 
considered outliers (outliers are visually indicated by red +). TB cohort expression is centered relative to the time-
matched TFC cohort median. Scale depicts the log2-transformed fold change. A two-way MANOVA showed a 
significant interaction effect between condition and time (Pillai’s Trace=1.276, F(20,28)=2.465, p=0.014). Post 
hoc univariate ANOVA showed significant differences within the diseased cohort over time (indicated by #, 
df=(2,22), p<0.05). Simple effects analysis showed significant differences between diseased and time-matched 340 
TFC (indicated by *, Šidák adjusted p<0.05 adjusted). (b) Tumor growth curve for 4T1 mice starting at Day 7, 
with a power regression line, error bars are standard deviation. (c) Box plots of gene expression to support the 
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data in the C57BL/6-Lu.2 heatmap in Fig. 2b. * indicates significance (Dunn–Šidák corrected to p<0.005) from 
independent two-tailed t-tests comparing TB to TFC (n=5 per condition). (d) Box plots of gene expression for 
blood data to support the heatmap found in Fig. 1. Tumor-bearing Implant Free Controls (IFCs) are shown to 345 
illustrate that the implants do not alter the gene expression of blood leukocytes. A two-way MANOVA showed a 
significant interaction effect between condition and time (Pillai’s Trace=2.527, F(36,40)=1.907, p=0.024). Post 
hoc univariate and simple effects analysis showed significant differences within the diseased cohort over time as 
indicated as # (df=(2,15), p<0.001) and * indicates significant differences compared to time matched controls 
(Šidák adjusted p<0.05 adjusted). (e) Gene expression data from the lung tissue heatmap in Fig. 2a. * indicates 350 
significance (Dunn–Šidák corrected to p<0.005) from independent two-tailed t-tests comparing TB to TFC (n=4 
per condition). For full statistical values see Data File 4 for exact F and p values.  
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Fig. S7. Additional scRNA-seq plots of the gene panel analyzed in Fig. 3. (a) Heatmap of fold-change between 
scaffolds in tumor-bearing mice and tumor-free controls. Data is analogous to that presented in Fig. 3c and Fig. 355 
S7b violin plots. (b) Violin plots of single-cell gene expression from TFC and TB mice including B cells, dendritic 
cells (DCs), macrophages, monocytes, neutrophils, natural killer (NK) cells, and T cells. Each dot represents the 
gene expression (x-axis) of a single cell within a cell type and health state (TB or TFC, y-axis). Bmp15 is absent 
as it was undetectable by scRNA-seq.  
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 360 
Fig. S8. Experimental timeline, gene expression analysis, singular value decomposition, and bagged decision tree 
analysis and computational pipelines. Map of computational processes and the data outputs that are represented 
in the manuscript. For example, the calculation of the Euclidean distance from the principle components of the 
singular value decomposition (SVD) represented in Fig. 4b can be traced back through its processing steps to the 
total RNA isolation, quality control, and cDNA synthesis.  365 
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Fig. S9. Additional data from post-excision model demonstrating the cohort survival curve and gene expression 
trajectories. (a) Kaplan-Meier survival analysis comparing TFC and TB mice that received mammary gland 
excisions. (b-k) Time course analysis for 10 gene panel. Error bars in line plots for gene expression and signature 
trajectory indicate SEM. The cohort size for each group is decreased by one at Day 21 due recurrence and animal 370 
censorship. For longitudinal data, statistics were performed via a linear mixed model. Post hoc simple effects 
analysis indicates significant differences (p<0.05) between (*) TFC and resistant, (‡) TFC and responsive, (&) 
resistant and responsive, (#) responsive and responsive Day 0 (pre-excision), and ($) resistant and resistant Day 
0 (pre-excision) following significant (p<0.05) or trending (p<0.1) interactions in a two-way ANOVA (see Data 
File 4 for descriptive statistics, exact F and p values).  375 
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Fig. S10. Kaplan-Meier survival curves correlated with high and low gene expression from breast cancer patient 
samples. (a) Microarray (GEO via KMPlot) and prognosis data were queried for genes selected for the 10-gene 
panel derived from tissue within implants to determine the expression level relevance in primary tumors on the 
clinical outcome of systemically untreated breast cancer patients (n=818). Kaplan-Meier plots indicate as 380 
separation of two profiles separating high and low gene expression that are automatically divided by the median 
expression of the genes for all samples. Plots indicate the Hazard Ratio (HR) which is highest for S100a9 and 
logrank significance comparing high and low expression as a function of recurrence-free survival. FDR 10% 
corrected significance (p<0.011) and FDR 5% corrected significance (p<0.00099). (b) Metrics on overall survival 
(n=379 patients) were calculated in the same manner as that for recurrence-free survival. FDR 10% corrected 385 
significance (p<0.0123) and FDR 5% corrected significance (p<0.005).
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