To detach, migrate, adhere, invade and metastasize: CD97/ADGRES in cancer
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Table S1. Expression of CD97 in carcinomas

tissue

tumor

liter
ature

method

result, conclusion

esophagus

esophageal
Ca

(1]

IH CD97 Ca vs adjacent normal
(n=13 patients)

10/13 Ca CD97+

(2]

genome-wide methylation study
(epigenomics)

ADGRES5 is 1/23 genes with relevance in tumor
progression/metastasis

stomach

gastric Ca

(1]

IH CD97 Ca vs
(n=50 patients)

adjacent normal

44/50 Ca CD97+

(3]

IH CD97 Ca vs
(n=35 patients)

adjacent normal

high CD97 at tumor margin, role of CD97 in tumor
invasion

intestine

colorectal
Ca

(4]

IH CD97 Ca vs
(n=81 patients)

adjacent normal

1CD97 in Ca; 75/81 Ca CD97+; CD97 enhanced at
the invasion front

rectal Ca

(3]

IH CD97 Ca vs
(n=71 patients)

adjacent normal

TCDY97 in Ca, high CD97 at invasion front is
associated with poor survival

liver

HCC

(6]

IH CD97 Ca vs
(n=140)

adjacent normal

1CD97 in HCCs is positively correlated with poor
prognosis and negatively correlated with GRK6

(6]

in vivo xenograft model using
Huh?7 cells with ectopic CD97

ectopic CD97 tlung metastasis

(6]

Huh7 and SMMC-7721 cells with
ectopic CD97 or GRK®, in vitro

ectopic CD97 tMMP2 and MMP9 secretion in the
absence of GRK6

cholangio
Ca
(intrahepati

<)

(7]

IH CD97; bile sCD97 ELISA (n=71
Ca n=10
patients)

Vs hepatolithiasis

54/71 Ca CD97+, CD97 and sCD97 independent
risk factor for survival

gall
bladder

gall bladder
Ca

IH CD97 Ca vs adjacent normal
(n=138 patients)

96/138 Ca CD97+, enhanced at invasive front;
CD97 independent risk factor for overall survival

pancreas

PDAC

9]

IHP) CD97 (n= 50 Ca, n=36
normal pancreatic), but the used
CD97 Ab is not approved for
paraffin

6/50 Ca CD97+, only poorly differentiated PDCA

(1]

IH(cryo) CD97 (n=18 patients)

14/18 Ca CD97+

(10]

IH CD97 vs adjacent normal (n=37
patients); CD97 Ab: polyclonal,
Santa Cruz

1CD97 in Ca vs. normal, 37/37 Ca CD97+, CD97 is
related to invasion/metastasis and prognosis

kidney

ccRCC

(11]

urinary N-glycoproteome (n = 15
pTl, n = 15 pT3 patients, n=15

controls)

CD97 is 1/3 glycoproteins 1 in urine of patients
with higher pT

thyroid

thyroid Ca

(12]

IH CD97 (n=10 differentiated,
n=12  undifferentiated; n=11
normal thyroid)

CD97 induction in Ca;
dedifferentiation

1CD97 correlates to

(13]

IH CD97 (n=29 patients)

CD97 correlates to pTNM

in vitro CD97 regulation by
growth factors in FTC-133 cells

EGF ftnumber of CD97+ cells, retinoic acid
Inumber of CD97+ cells

(14]

qRT-PCR, treatment thyroid Ca
cell lines

nutritional (beneficial)
phytochemicals | ADGRES5

polyphenol

[15]

IH CD97 tissue array

percentage of CD97+ tumors higher in

poorly/undifferentiated vs papillary/follicular Ca

(15]

in vivo: thyroglobulin- promotor

driven Adgre5 combined with

ThrbPV'PV mice: CD97 induction in Ca;
Thrb™'PV x Adgreb: tvascular invasion and lung
metastasis




ThrbPv (thyroid
carcinogenesis), mice

follicular

medullary
thyroid Ca

(16]

IH CD97, gRT-PCR
patients)

(n=54

ADGRES5 correlates to pT stage

prostate

prostate Ca

(17]

IH CD97 tissue array, qRT-PCR

tCD97 in prostatic intraepithelial neoplasia,
primary and metastatic prostate cancer vs normal

prostate
adeno Ca

(18]

IH CD97, tissue array (n=68 Ca,
n=15 normal)

normal CD97-, 59% Ca CD97+; CD97 and LPAR1
co-expressed in Ca

(18]

CD97ko (shRNA) in DU145 cells,
transwell chamber invasion

CD97ko |invasion (LPAR1-dependent) and |LPA-
dependent signaling to RHO and ERK activation

(18]

in vivo xenograft model using
CD97Ko PC3 cells

|bone metastasis, unchanged sc tumor growth

ovary

ovarian
high-grade
serous Ca

(19]

proteomes’ of paired primary and
recurrent post-chemotherapy Ca
(0=9)

CD97 is one protein 1 in recurrent compared with
primary tumors

ovarian Ca

(20]

in vivo xenograft model of SKOV3
or OVCARS3 cells pre-enriched for
stem-like cells

CD97 is 1/5 CD markers 1 in cancer stem-like vs.
parental cells

(21]

methylomics and  genomics
datasets; TCGA (n= 391 patients)

ADGRE5 is 1/4 highly methylated genes
associated with poor progression-free survival
(unclear whether tumor and/or immune cells)

(22]

in vitro cancer cell lines; tumor
transendothelial migration assay,
medium BME cell invasion assay,
stimulation with recombinant

hCD55

LPS or paclitaxel-resistance 1CD97 through |miR-
503-5p (targeting ADGRES5 3'-UTR); fmigration
and invasion

breast

breast Ca

(23]

in vitro, miR-126 overexpression
in MDA-MB-231 cells, proteome

CD97 is a direct target of tumor suppressor miR-
126, which is often |in tumors

oral cavity

oscc

(24]

IH CDY97, qRT-PCR (n=78 OSCC,
n=10 normal oral mucosa)

CD97 is a marker of dedifferentiated OSCC;
normal oral mucosa: basal layer CD97+

Ca carcinoma, ccRCC clear cell renal cell Ca, HCC hepatocellular carcinoma, IH immunohistology, IH(C) cryosections, IH(P) paraffin-
embedded, OSCC oral squamous cell carcinoma, PDCA pancreatic ductal adenocarcinoma

*CIEF/Nano-RPLC: papillary isoelectric focusing/nano-reversed phase liquid chromatography

#combined BONCAT (bioorthogonal non-canonical amino acid tagging) and SILAC (stable isotope labeling by amino acid in cell culture)




Table S2. CD97 in GBMs

literature | method result/conclusion
[25] in vitro, transcriptome after WT1Ko (siRNA) in GBM cell lines | WT1Ko |invasiveness and |ADGRE5
[26] in vitro, transcriptome after CD97Ko (siRNA) in GBM cell | CD97Ko Jmigration and invasion;
lines proliferation unchanged
[26] transcriptome GBM cohort (TCGA n= 539 patients) ADGRES has prognostic significance
[27] GBM xenograft model plus iv. delivered phage peptide | CD97 is a potential biomarker for GICs
library; tumor-derived GICs are analyzed for bound peptides
[28] in vitro, invadopodia assay (9 GBM cell lines), MS-based | CD97 is enriched in invadopodia
proteomic analyses
[28] transcriptome of GBM cohorts (TCGA n=539, REMBRANDT | ADGRES5 has prognostic significance
n= 187 patients)
[29] WB, gRT-PCR in glioma samples CD97 present in GBMs but not astrocytomas
(WHO I, III)
[29] transcriptome GBM cohort (TCGA) TADGRE5 in classical/mesenchymal, not
neural/proneural GBM subtypes
[30] in vitro, primary patient-derived glioma stem cells (n=5 | CD97Ko |invasion rate, CD97 overexpression
patients), manipulation CD97 level; correlation to clinic tinvasion rate
[31] CD97Ko (siRNA) in GBM cell lines, screening for CD97- | CD97Ko  |PI3K/AKT and MAPK/ERK
regulated pathways signaling (transcriptomic data)
CD97Ko |AKT activation (WB)

GIC glioma-initiating cell, MS mass-spectrometry, REMBRANDT Repository of Molecular Brain Neoplasia Data, TCGA The Cancer
Genome Atlas, WB Western Blot analysis, WT1 Wilms tumor 1




Table S3. CD97 in hematopoietic malignancies

leuke |liter | methods, number of patients/controls results/conclusion
mia ature
ALL [32] |mRNA microarray of lymphoblasts (n= 270 |CD97 is1/30 genes differentially expressed by > 3-fold
childhood ALL) to normal B-cell progenitors in at least 25% of ALL cases
[32] | conformation by flow cytometry (n=200 B-lineage | CD97 is 1/22 antigens differentially expressed in up to
ALL, n= 61 nonleukemic BM) 81.4% of ALL, especially in hyperdiploid
BCP- |[33] |[leukemia xenograft model (n=19 | CD97 is a (new) leukemia-associated marker
ALL patients); analysis surface proteome by Cell
Surface Capture (CSC) technology
[33] |conformation by flow cytometry (a.0. n=86|CD97 is 1/4 CD antigens accounting for the most
patients) informative differences between normal and
malignant cells
[34] |flow cytometry (n=84 B-lineage ALL, n=15|CD97 is part of a panel to detect minimal residual
controls/ B cell precursors) disease in childhood ALL
[35] | mRNA microarray (n=5 BCP-AL; n=5normal BM); | CD97 overexpression in pediatric ALL; CD97 not
flow cytometric analyses (n=63 BCP-ALL) essential for ALL proliferation and engraftment
AML |[36] |leukemia xenograft model (n=61 patients) identification of a primary LSC gene signature
[36] |transcriptomic analysis 2 independent array | CD97 enriched in LSC compared with HSC
platforms, evaluation of candidates by flow
cytometry
[37] |proteomics by nano-LC-MS/MS, combined with | identification of CD97 to be associated with AML
transcriptomics
[38] |flow cytometry (n= primary 385 AML, n=10|1CD97 in 208/285 AML, accompanied by 1BM blast
normal BM, n=15 MDS) count and 1FLT3 mutations
[39] |flow cytometry of LSC with defined markers | no change of CD97 between diagnosis and relapse
(AML at diagnosis and relapse n=25 patients);
leukemia xenograft model
[40] | NGS transcriptome GPCRs (n=148 AML; normal | CD97 is 1/30 AML-overexpressed GPCRs
blood and BM cell populations )
[41] |transcriptome, genome wide gene expression | CD97 is 1/22 markers aberrantly expressed in AML
(mRNA microarray) of AML cells (n=157 patients)
with normal myeloblasts
[41] |flow cytometry (n=240 AML patients); machine- | markers (including CD97) allow minimal residual
learning algorithm disease (MRD) monitoring
[42] |TCGA transcriptomic data re-analysis (n=173|high ADGRE5 expression is associated with poor
AML) overall survival
[43] | metaanalysis of transcriptomic data | ADGRE5 is overexpressed in LSC-enriched cells;
(gexc.riken.jp/), conformation by flow cytometry | CD97 is higher in enriched LSCs compared to HSCs;
(n=30 patients) and other approaches high levels of CD97 correlate with poor prognosis
[43] |experimental: CD97Ko by shRNA in AML cell | CD97Ko |disease aggressiveness in vivo
lines, xenotransplantation
[43] | CD97Koin AML cell lines (HL-60, U937) CD97Ko fproliferation, |apoptosis, |AML blast
differentiation
[44] | transcriptomic data re-analysis only for aGPCRs | 1ADGRES is associated with |overall survival
[45] |TCGA transcriptomic data re-analysis (n=167 | ADGRES5 levels part of a mRNA and IncRNAs profile
AML) with a role in prognosis and risk stratification
[46] |routine flow cytometry plus 7 potential AML | CD97 part of a pipeline for diagnosis, MRD detection
markers (n=256 AML, n=11 normal BM) and clonal tracking AML
CLL [47] |in vitro, CLL culture with fibroblasts; DotScan™ | CD97 is 1/25 changed CD antigens; ibrutinib or
antibody microarray to identify changed CD |idelalisib countered the change of CD97
antigens

ALL acute lymphoblastic leukemia, AML acute myeloid leukemia, CLL chronic lymphocytic leukemia, BCP-ALL B-cell precursor ALL, BM
bone marrow, CD cluster of differentiation, HSC hematopoietic stem cell, LC-MS/MS liquid chromatography/tandem mass spectrometry,
IncRNA long non-coding RNA, LSC leukemic stem cells, MDR minimal residual disease, MDS myelodysplastic syndrome, NGS next
generation sequencing, The Cancer Genome Atlas (TCGA)




Table S4. sCD97 in human body fluids

body literat | number patients, | method CD97 Abs used result
fluid ure normals
serum, | [48] normals IP, WB polyclonal Ab, N- | sCD97-negative
plasma terminus
synovia | [48] inflammatory  arthritis | IP, WB polyclonal Ab, N- | sCD97 in body fluids is related
1 fluid (n=12) terminus to inflammation
synovia | [49] rheumatoid arthritis (RA, | self-made capture Ab: | sCD97 higher in RA than in OA
I fluid n=30), osteoarthritis (OA, | sandwich ELISA | MEM-180 (GAIN); | and reactive arthritis
n=13), reactive arthritis detection Ab CLB-
(RA, n=10) CD97/1 (EGF-like)
serum [4] colorectal cancer (n=81), | self-made as [49] no difference between patients
normal (n=26) sandwich ELISA and normals
[50] colorectal (n=11), | self-made capture 1sCD97 in cancer patients
pancreatic (n=11), breast | sandwich ELISA | monoclonal  Ab
cancer (n=15), normal VIM3C (EGF-like),
(n=30) detection Ab 8-154
bile [7] intrahepatic self-made as [49] sCD97 independent risk factor
cholangiocarcinoma sandwich ELISA for survival, predicts lymph
(n=71), hepatolithiasis node metastasis
(n=10)
pleural | [51] malignant PE (n= | commercial unclear sCD97 tuberculous > malignant
effusio 51), tuberculous PE | ELISA PE
n (PE) (n=55)

Ab antibody, WB Western Blotting, IP immunoprecipitation




Table S5. CD97-dependent cellular functions in tumors

321 cells, optical stretching of single cells

cellular litera | methods result

function ure

apoptosis [52] in vitro CD97Ko (lentiviral) and stable ectopic | CD97Ko  fapoptosis, ectopic =~ CD97
CD97 in fibrosarcoma HT1080 cells, apoptosis | |apoptosis; depends on GPS-cleavage
assays

apoptosis [43] CD97Ko (shRNA) in AML cell lines (HL-60, | CD97Ko |proliferation by tapoptosis
U937), apoptosis and proliferation assays

stem cell | [43] CD97Ko (shRNA) in AML cell lines (HL-60, | CD97Ko tAML blast differentiation

maintenance MOLM13), quantitation myeloid markers

proliferation, [53] edited miRNA-379-5p inhibits proliferation | ADGRES5 is the a major target gene through

apoptosis and promotes apoptosis, screening for target | which these functions of edited miRNA-
genes 379-5p are mediated

proliferation [54] CD97Ko in gastric SGC-7901 cells, isolation and | exosomes of WT, not CD97Ko cells
application of exosomes tproliferation (activating MAPK signaling)

tumor growth | [55] scid mouse model, xenotransplantation of | CD97 accelerates initiation of tumor growth
fibrosarcoma HT1080 cells with ectopic CD97 | but not growth velocity; depends on CD97

EGF-like repeats and 7TM

angiogenesis [56] directed in vivo angiogenesis assay (DIVAA)in | NTF of CD97(125) promotes tumor
mice angiogenesis

angiogenesis [56] subcutaneous tumor induction with ectopic | CD97(EGF1-5) tvascularization of
CD97 NIH-3T3 cells in mice developing tumors

migration [4] in wvitro, transwell chamber assay (serum); | migration correlates with the CD97 level at

(directed) colorectal tumor cell lines (n=15) the cell surface

migration [55] in vitro, quantitation of covered distances, | CD97 fsingle cell migration; depends on

(non- directed) fibrosarcoma HT1080 cells stable | EGF-like repeats and 7TM
overexpressing CD97

migration/ [57] CD97 overexpression in BGC-823 gastric cancer | CD97(EGF125) tmotile and invasive ability

invasion cells

migration/inva | [18] in wvitro, transwell chamber assay (serum); | CD97Ko |migration/invasion

sion (directed) CD97Ko (shRNA) in prostate DU145 cancer
cells

migration/ [26] in vitro, transcriptome after CD97Ko (siRNA) | CD97Ko  |migration and invasion;

invasion in GBM cell lines proliferation unchanged

migration [38] in vitro, transwell chamber assay (serum and | CD97Ko |migration/invasion

(directed) LPA); CD97Ko (shRNA) in AML MV4-11 cells

adhesion, [58] a.o. breast Mvt-1 and prostate DU145/Ras cells | platelets (activated by CD97 on tumor cells)

migration, (WT vs. CD97Ko, pretreated with platelets) | release LPA which binds to CD97-LPAR

invasion/meta xenotransplantation, lung and bone metastasis | complex at tumor cells; tmetastasis

stasis assay

migration/inva | [22] ovarian cancer cell lines; tumor | LPS-stimulation or paclitaxel-resistance

sion transendothelial migration assay, medium | tCD97 through |miR-503-5p
BME cell invasion assay, stimulation with
recombinant hCD55

migration/ [6] in vitro, wounding and transwell chamber | CD97 ftmigration and invasion in presence

invasion assays; stable CD97Ko in HCC SMM-7721 cells, | of CD55
stable ectopic CD97 in HCC Huh-1 cells

invasion [28] in vitro, invadopodia assay (9 GBM cell lines), | CD97 is enriched in invadopodia
MS-based proteomic analyses

invasion [30] in vitro, primary patient-derived glioma stem | CD97Ko Jinvasion rate, CD97
cells (n=5 patients), manipulation CD97 level overexpression finvasion rate

detachment [59] fibrosarcoma HT1080 cells with ectopic CD97 | CD97 regulates detachment via the PBM
or CD97APBM, shear-stress application

deformability [59] CD97Ko (by CRISPR-Cas) in breast MDA-MB- | fdeformability in CD97Ko clones compared

to WT

AML acute myeloblastic leukemia; HCC hepatocellular carcinoma, IH immunohistology, in situ (using human tissues)
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