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Supplementary Figure 1: Known integrin heterodimers and subunit classifications. ITGB1, shown in white,
dimerizes with a-subunits from most classes, while the other integrins are colored by class as shown in the figure
legend.
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Supplementary Figure 2: Confusion matrix of multiclass Random Forest model that classifies healthy (GTEXx)
samples by tissue type based on integrin expression. Each cell shows the average over 500 Random Forest
trials of the counts of predictions and the percentage of predicted labels normalized by the number of true
labels for each row. The color scale is based on the percentage of true predictions.
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Supplementary Figure 3: Violin plots of mMRNA expression in healthy tissues of the integrins with the highest
feature importance in multiclass and one-vs-all Random Forest classifiers of samples by healthy tissue type.
The classifier in which the integrin had high importance and its rank among features in that model are given in
the title of each panel.
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Supplementary Figure 4. One-vs-all Random Forest classifiers of healthy (GTEXx) tissue samples classified by
expression. Each plot shows the feature importance of the top ten integrin sin a model trained using all
integrins and the increase in accuracy with the number of integrins added to the model averaged over 500
trials. The examined tissue type for each panel is indicated in the panel title. The reported accuracy and
AUROC on each panel are averages over 500 trials of the model using 27 integrins.
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Supplementary Figure 5: Confusion matrix of a multiclass Random Forest model that classifies cancer
(TCGA) samples by tissue type based on the expression of 27 integrins. Each cell shows the average over 500
Random Forest trials of the number of counts of predictions and the percentage of predicted labels normalized
by the number of true labels for each row. The color scale is based on the percentage of true predictions.
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Supplementary Figure 6: Violin plots of mMRNA expression in TCGA primary tumors of the integrins with the
highest feature importance in multiclass and one-vs-all Random Forest classifiers of samples by cancer type.

The classifier in which the integrin had high importance and its rank among features in that model are given in
the title of each panel.
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Supplementary Figure 7: One-vs-all Random Forest classifiers of cancer (TCGA) tissue samples classified
by integrin expression. Each plot shows the feature importance of the top ten integrins in a model trained using
all integrins and the increase in accuracy with the number of integrins added to the model averaged over 500
trials. The examined tissue type for each panel is indicated in the panel title. The reported accuracy and
AUROC on each panel are averages over 500 trials of the model using 27 integrins.
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Supplementary Figure 8: Standard deviation in integrin expression for GTEx healthy tissues and TCGA

primary tumors. The standard deviations were calculated from the mean expression in each tissue/cancer type

given in Supplementary Table 1.
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Supplementary Figure 9: Random Forest model results trained/tested on TCGA patient-matched
normal/tumor dataset (left column) and TCGA tumor/GTEXx heathly tissues for other types of tissues/tumors
dicussed in this project. The reported accuracy and AUROC on each panel are averages over 500 trials of the
model using 27 integrins. The violin plots show the expression of top 10 integrins identified by TCGA primary
tumor vs. GTEXx healthy tissues RF model.
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Supplementary Fig. 10: (a) Feature importance in a Random Forest model using a 50%/50% training/test split
that classifies breast samples as healthy or cancer using the PAM50 gene set and ITGA7 as features. The
magenta line shows the change in the accuracy of the model as features are added one-by-one from the most
important feature to the least. The accuracy of the model using all features is 1.00 + 0.0022 and AUROC is
1.00 £ 0.004. (b) Feature importance in a Random Forest model using a 50%/50% training/test split that
classifies breast samples as healthy or cancer using a gene set identified by Donato et al. (CTC gene sets, 32
genes) and ITGA7 as features. The magenta line shows the change in the accuracy of the model as features
are added one-by-one from the most important feature to the least. The accuracy of the model using all
features is 0.99 £ 0.0032 and AUROC is 1.000 + 0.001.



ITGAL T1cGa ITGA2 TCGA ITGA2B TCGA ITGA3 TCGA ITGA4  1cga ITGAS TCGA
normal GTEXx ormal GTEx ormal GTEx ormal GTEx normal GTEXx

TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor

ITGA6  TcGA ITGA7 TCGA ITGA8 TCGA ITGA9 TCGA ITGA10 T1cga ITGA1l Tcga
normal GTEXx ormal GTEx ormal GTEx ormal GTEx normal GTEx normal

TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor

ITGAD 1cGa ITGAE Tcga ITGAL  Tcoa ITGAM  1coa ITGAV  Tcga ITGAX Tcga

C
SRRk

TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor

normal GTEx ormal GTEx ormal GTEx ormal GTEx normal GTEXx

TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor TCGA primary tumor

ITGB7  T1cGa ITGB8 T1cgA ITGBL1 TCGA
normal GTEx normal GTEx

TCGA primary tumor TCGA primary tumor TCGA primary tumor

Supplementary Fig. 11: Venn diagrams of the overlap in genes that were co-expressed with each integrin in
three datasets: GTEx breast, TCGA BRCA normal, TCGA BRCA primary tumor. For each integrin, the top
2000 protein-coding genes with the highest Pearson R were identified in each dataset, and the genes that
overlapped in the three datasets were counted. For example, of the 2000 genes most co-expressed with
ITGA1 in GTEX, (444+589=1033) were also in the top 2000 genes for ITGA1 in TCGA normal, (213+589) were
also in the top 2000 genes for ITGA1 in TCGA primary tumor, and 589 were in the top 2000 genes in all three
datasets.
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Supplementary Fig. 12: (a) Feature importance in a Random Forest model using a 50%/50% training/test split
that classifies samples as primary breast tumor or metastatic tumor using the PAM50 gene set. The magenta
line shows the change in the accuracy of the model as features are added one-by-one from the most important
feature to the least. The accuracy of the model using all features is 0.80 = 0.047 and AUROC is 0.86 + 0.040.
(b) Feature importance in a Random Forest model using a 50%/50% training/test split that classifies samples
as primary breast tumor or metastatic tumor using the Donato gene set. The magenta line shows the change in
the accuracy of the model as features are added one-by-one from the most important feature to the least. The
accuracy of the model using all features is 0.78 + 0.047 and AUROC is 0.82 + 0.046.



Supplementary Table 1: Sample sizes of GTEX tissues and corresponding TCGA cancer types’

Primary Patient matched
GTEXx tissue Samples TCGA cancer type tumor normal/tumor
samples samples
Breast™ 179 Breast Invasive Carcinoma (BRCA) 1092 112
Prostate 100 Prostate Adenocarcinoma (PRAD) 495 52
Liver 110 Liver Hepatocellular Carcinoma 369 50
(LIHC)
Lung Adenocarcinoma (LUAD) 513 58
Lung 288
Lung Squamous Cell Carcinoma
498 50
(LUSC)
P tic Ad i
Pancreas 167 ancrea |c(PAZr|13<;carcmoma 178 4
Stomach 174 Stomach Adenocarcinoma (STAD) 414 33
Colon - 167
Transverse .
Colon Adenocarcinoma (COAD) 288 26
Colon -
141
Sigmoid
Testicular Germ Cell Tumor
Testi 165 148 0
ests (TGCT)

"For GTEx colon and TCGA lung data, two different tissue/cancer types were included. Unless otherwise
specified, GTEx samples for sigmoid and transverse regions of the colon were combined and treated as healthy
colon tissue, while lung adenocarcinoma and lung squamous carcinoma samples TCGA were treated as distinct
cancer types. There were patient-matched normal tissue samples for some cancer types used in some analysis
in the study, as described in the appropriate sections.

“For some analysis of breast tissue (Random Forest models that classified samples as healthy or cancer
breast tissue and co-expression analysis), we selected only samples from female donors, resulting in 80 GTEx
healthy samples, 1092 BRCA primary tumor samples, and 111 tumor/normal BRCA patient matched samples.



Supplementary Table 2: Pearson correlation coefficients for integrin-integrin pairs that are highly correlated
(Pearson R = 0.6) in GTEX, and their corresponding coefficients in TCGA BRCA primary tumor samples*

Integrin | Integrin GTExR TCGA Primary Tumor R STRIN_G-(_ib**
Association?
ITGA2 ITGB8 0.87 0.34 ACD
ITGB4 ITGB8 0.87 0.34 None
ITGA2 ITGA3 0.84 0.41 ACD
ITGA2 ITGB6 0.83 0.41 ACD
ITGB6 ITGB8 0.81 0.25 None
ITGA2 ITGB4 0.79 0.12 None
ITGAL ITGA4 0.76 0.56 None
ITGAL ITGB7 0.76 0.59 ACD
ITGAM ITGB2 0.75 0.71 A BCD
ITGB4 ITGB6 0.75 0.28 None
ITGA2 ITGA4 0.74 0.46 None
ITGA3 ITGB8 0.72 -0.002 A, C D
ITGAV ITGAl 0.72 0.73 None
ITGAV ITGB1 0.71 0.76 A, B,C D
ITGA3 ITGB4 0.70 0.19 A, B,C D
ITGA10 ITGB4 0.69 0.17 None
ITGA4 ITGB7 0.68 0.42 A BCD
ITGAS ITGB3 0.68 0.60 A BCD
ITGA3 ITGB6 0.66 0.27 ACD
ITGA4 ITGB8 0.64 0.26 C,D
ITGA1l ITGB8 0.64 0.09 CD
ITGA2 ITGA1l 0.64 0.44 C,D
ITGA4 ITGA1l 0.62 0.45 None
ITGA4 ITGB6 0.62 0.21 A,C D
ITGA2 ITGB7 0.62 -0.06 None
ITGA3 ITGA4 0.61 0.12 None
ITGAl ITGB1 0.61 0.73 A BCD

*Red indicates a large difference in co-expression for the integrin pair (i.e., the difference between Pearson

correlation R in the healthy and cancer samples was > 0.4)

**STRING-db associations (website checked on 11/21/23): A: coexpression; B: experimental/biochemical data;

C: association in curated databases; D: co-mentioned in pubmed abstracts




Supplementary Table 3: Pearson correlation coefficients for integrin-integrin pairs that are highly correlated
(Pearson R 2 0.6) in TCGA BRCA primary tumor samples, and their corresponding coefficients in GTEx*

Integrin | Integrin | TCGA Primary GTEXR STRING-db**
Tumor R Association?
ITGAX ITGB2 0.85 0.28 A B,CD
ITGA11 ITGBL1 0.79 0.41 A D
ITGAV ITGB1 0.76 0.71 A B,CD
ITGA1 ITGB1 0.73 0.61 A B,CD
ITGAV ITGA1 0.73 0.72 None
ITGAM ITGAX 0.73 0.27 None
ITGAM ITGB2 0.71 0.75 A B,CD
ITGAV ITGB3 0.71 0.44 A B,CD
ITGA1 ITGA4 0.68 0.08 None
ITGB2 ITGB7 0.68 0.18 None
ITGA1 ITGB3 0.67 0.37 ACD
ITGB1 ITGB3 0.66 0.34 None
ITGA1 ITGA11 0.64 -0.07 ACD
ITGAV ITGA4 0.65 0.18 None
ITGA1 ITGA8 0.65 0.35 None
ITGAS ITGA11 0.63 -0.05 ACD
ITGA11 ITGB1 0.62 -0.16 ACD
ITGAV ITGA11 0.62 0.04 None
ITGA4 ITGB1 0.61 -0.14 A BCD
ITGAV ITGA2 0.60 0.04 None
ITGAL ITGAX 0.61 0.57 None
ITGA1 ITGAS 0.61 0.50 None

*Red indicates a large difference in co-expression for the integrin pair (i.e., the difference between Pearson
correlation R in the healthy and cancer samples was > 0.4)

**STRING-db associations (website checked on 11/21/23): A: coexpression; B: experimental/biochemical data;
C: association in curated databases; D: co-mentioned in pubmed abstracts



Supplementary Table 4: Comparison of functional enrichment among protein-coding genes co-expressed
with select integrins in GTEx Breast samples and TCGA BRCA samples

Integrin Term GTEx Breast " TCGABRCA™
Count Fold FDR Count Fold FDR
Enrichment Enrichment
ITGA2 G0:0006355~regulation of 176 1.913 2.25E-14 181 1.858 1.35E-13

DNA-templated
transcription

ITGA2 G0:0098609~cell-cell 54 2.626 1.22E-07 N/A N/A N/A
adhesion
ITGA2 G0:0060271~cilium 53 2.441 2.19E-06 31 1.348 0.991
assembly
ITGA2 G0:0001736~establishment 12 7.625 1.79E-05 N/A N/A N/A
of planar polarity
ITGA2 G0:0072089~stem cell 21 4.003 4.69E-05 N/A N/A N/A
proliferation
ITGA10 G0:0002181~cytoplasmic 37 3.984 5.56E-10 N/A N/A N/A
translation
ITGA10 G0:0006338~chromatin 143 1.556 1.35E-04 N/A N/A N/A
remodeling
ITGA10 G0:0006412~translation 42 2.095 0.00926 N/A N/A N/A
ITGA10 G0:0098609~cell-cell 41 1.982 0.02966 35 1.648 0.221
adhesion
ITGA10 G0:0006355~regulation of 131 1.415 0.02966 153 1.610 1.70E-06

DNA-templated
transcription

ITGAM G0:0006954~inflammatory 94 2.122 1.01E-08 154 3.349 2.12E-41
response
ITGAM G0:0030199~collagen fibril 29 4.089 8.96E-08 20 2.717 0.0025
organization
ITGAM G0:0007165~signal 203 1.486 4.53E-06 291 2.052 1.12E-32
transduction
ITGAM GO0:0006955~immune 80 1.976 4.53E-06 175 4.165 2.56E-64
response
ITGAM G0:0007155~cell adhesion 100 1.762 1.96E-05 116 1.970 1.38E-10

"The 5 most highly enriched Biological Process (BP) Gene Ontology (GO) terms among the 2000 protein-
coding genes with the highest co-expression with three select integrins in GTEx Breast samples. The 5 BP GO
terms with the lowest FDR were selected for each integrin.

“The enrichment of the selected terms among the top 2000 protein-coding genes co-expressed with these
integrins in TCGA BRCA samples. “N/A” indicates that the corresponding GO term was not detected among
co-expressed genes in TCGA BRCA.



Supplementary Table 5: Results of ANOVA test and Tukey post-hoc test for integrin expression in primary

tumor test (breast) and 4 metastasis sites (liver, lymph node, brain, lung) in AURORA dataset (only integrins

with significant expression differences are shown)

Bonferroni adjusted ANOVA
p-values

Integrin Tukey post-hoc test*

Brain & Breast (0.01)
ITGA4 3E-7 Liver & Breast (0)
Liver & Lymph node (0.002)
Brain & Breast (0.0004)
ITGA11 TE-7 Liver & Breast (0)
Lung & Breast (0.05)
Liver & Breast (0)
ITGA7 1E-5 Liver & Brain (0)
Liver & Lymph node (0.002)
Brain & Breast (0.04)
ITGBL1 7E-5 Liver & Breast (0)
Lymph node & Breast (0.002)
Brain & Breast (0.01)

ITGAX SE-4 Liver & Breast (0)
Liver & Brain (0.0007)
ITGAS 6E-4 Liver & Breast (0.0002)

Liver & Lung (0.0002)
Liver & Lymph node (0.04)
Liver & Breast (0)

ITGAM 9E-4 Liver & Lung (0.005)
Liver & Lymph node (0.009)
Liver & Brain (0.01)

ITGAE 8E-3 Liver & Breast (0.0004)
Liver & Lymph node (0.002)
Brain & Breast (0.03)
ITGAL 0.03 Liver & Breast (0.001)
ITGB3 0.03 Liver & Breast (0.002)
*p-values are shown in parentheses




Supplementary Table 6: Summary of results in this work associated with each integrin

Integrin Healthy Cancer Tissue Healthy Breast/Breast Breast Cancer
Tissue Cancer Metastasis
2" ranked Conserved co-expression
ITGA1 feature in with ITGAV and ITGB1;
LUSC-vs-all higher co-expression with
classifier integrins in cancer
Conserved co-expression
ITGA2 with ITGAV; higher co-
expression with integrins
in healthy samples
31 feature in
1st feature in CIZ:SIEIf(i:(Ia?'S?St Not co-expressed with any
ITGA2B testis-\_/s_,—all feature ’in other integrin in healthy or
classifier TGCT-vs-all cancer samples.
classifier
1° f_eature n Co-expressed with several
ITGA3 oSS and integrins in healthy
classifiers samples only
Significantly lower
Co-expressed with several expression in
ITGA4 integrins in healthy and metastatic breast
cancer samples cancer than primary
breast cancer
Low variation
in mean Co-expressed with ITGA3
ITGAS expression in healthy and with ITGA1
across cancer and ITGA11 in cancer
tissues.
st i
Ii\lerfszfglrlealr? d 1st feature in | Not cq-expr§s§ed with any
ITGA6 breast-vs-all Ci)l,:SDS—i\;ise-?ll other égaecger;ns ;nmhpﬁgghy or
classifiers
1%t feature in distinguishing
ITGA7 health_y VS btreast samp_les;
remains 1% feature using
other gene sets in model
2 feature in
multiclass, 1t
feature in 1st feature in
ITGAS prostate-vs-all PRAD-vs-all
and stomach- classifier
vs-all
classifiers
1st feature in Not co-expressed with any
ITGA9 | pancreas-vs-all other integrin in healthy or
classifier cancer samples




Co-expressed with ITGB4

Least difference in
expression between

ITGA10 in healthy samples primary and metastatic
breast cancer
Co-expressed with several Significantly lower
integrins in healthy and expression in
ITGA11 cancer samples, but co- metastatic breast
expression is not cancer than primary
conserved breast cancer
Significantly lower
Low expression Low. Not cq-expr§s§ed with any expres_sion in
ITGAD . expression other integrin in healthy or metastatic breast
across tissues )
across cancers cancer samples cancer than primary
breast cancer
Not co-expressed with any
ITGAE other integrin in healthy or
cancer samples
Significantly lower
expression in
ITGAL metastatic breast
cancer than primary
breast cancer
Conserved co-expression
ITGAM with ITGB2
Conserved co-expression
with ITGA1 and ITGB1;
ITGAV higher co-expression with
integrins in cancer
Significantly lower
1st feature in Co-expressed with other expression in
ITGAX lung-vs-all leukocyte integrins in metastatic breast
classifier cancer cancer than primary
breast cancer
High mean High mean Conserved co-expression
expression in expression in with ITGA1 and ITGAV, Highest mean
ITGB1 all tissues, and | all cancer, and also co-expressed with expression in primary
low variation in | low variation in | other integrins including breast tumor and
expression expression ITGA4 and ITGA11 in breast metastasis
across tissues | across tissues cancer
Conserved co-expression
ITGB2 with ITGAM
Relatively low
variation in
ITGB3 mean
expression
across cancers
Co-expressed with several
1st feature in 15t feature in integrins in healthy
ITGB4 multiclass STAD-vs-all samples, but not co-
classifier classifer expressed with any

integrin in cancer samples




High mean
expression in
all cancers but

Not co-expressed with any

ITGBS low variation in | other integrin in healthy or
mean cancer samples
expression
across cancers
2nd feature in
3d feature in rqlsjtlt]:cla}(ss and Co-expressed with several
ITGB6 multiclass LIHeg_\l/JSr_eallr integrins in healthy
classifier and PAAD-vs- samples only
all classifiers
Co-expressed with ITGA2,
ITGA4, and ITGAL in
ITGB7 healthy samples and with
ITGB2 in cancer samples
1st feature in | Co-expressed with several
ITGBS LUSC-vs-all integrins in healthy
classifier samples only
Significantly lower
1st feature in expression in
ITGBL1 colon-vs-all metastatic breast
classifier cancer than primary

breast cancer




