Supplementary methods

1. Methods for label free proteomic analysis
1.1 Protein extraction and trypsin digestion

For each FFPE sample, 3-4 sections 15-20 um each were obtained and combined
in a 2 ml eppendorf tube for further processing. This included, deparaffinization
through three incubations in xylene (first two for 5 min each and the last for 1 min),
each one followed by centrifugation for 3 min at 13,000 rpm at room temperature
(RT). The sections were then rehydrated through a series of ethanol and distilled water
washes (100% ethanol for 2 min, 95% ethanol for 1 min, 70% ethanol for 1 min,
distilled water for 1 min), each one followed by centrifugation for 3 min at 13,000
rpm, at RT. Upon rehydration, the tissue pellets were left to air dry for 30 min at RT.
The samples were resuspended in 200 pl of FASP buffer (pH ~ 8), containing 100
mM Tris-HCI, 4 % SDS, 100 mM DTE. For homogenization, 0.9 - 2.0 mm stainless
steel beads were added to the samples and placed at the bullet blender homogenizer in
2 sequential steps: 5 min in at speed 12 and 3 min in at speed 10. The homogenates
were sonicated for 3 cycles of 5 seconds each using a tip sonicator (36% power used),
followed by 1 h of heating at 90 °C on a heating block. Then, the extracts were
centrifuged for 10 min at 13,000 rpm at RT and the supernatants (~170 ul) were
transferred in to new 1.5 ml eppendorf tubes. Trypsin was added at 1:50
trypsin-to-protein mass ratio for digestion overnight at 37 °C. The hydrolysates was
reduced with 5 mM dithiothreitol for 30 min in 56 °C and alkylated with 11 mM
iodoacetamide for 15 min at room temperature in darkness. Then the tryptic peptides
were desalted with SPE column and dried by vacuum centrifuging.
1.2 LC-MS/MS Analysis

The tryptic peptides were dissolved in solvent A (0.1% formic acid, 2%
acetonitrile/ in water), directly loaded onto a home-made reversed-phase analytical

column (25-cm length, 100 um i.d.). Peptides were separated with a gradient from 6%



to 24% solvent B (0.1% formic acid in acetonitrile) over 70 min, 24% to 35% in 14
min and climbing to 80% in 3 min then holding at 80% for the last 3 min, all at a
constant flow rate of 450 nL/min on a nanoElute UHPLC system (Bruker Daltonics).
The peptides were subjected to Capillary source followed by the timsTOF Pro (Bruker
Daltonics) mass spectrometry. The electrospray voltage applied was 1.70 kV.
Precursors and fragments were analyzed at the TOF detector, with a MS/MS scan
range from 100 to 1700 m/z. The timsTOF Pro was operated in parallel accumulation
serial fragmentation (PASEF) mode. Precursors with charge states 0 to 5 were
selected for fragmentation, and 10 PASEF-MS/MS scans were acquired per cycle. The
dynamic exclusion was set to 30 s.
1.3 Database Search

The resulting MS/MS data were processed using MaxQuant search engine
(v.1.6.15.0). Tandem mass spectra were searched against the Homo Sapiens
database (SwissProt, 20395 entries) concatenated with reverse decoy database.
Trypsin/P was specified as cleavage enzyme allowing up to 2 missing cleavages.
The mass tolerance for precursor ions was set as 20 ppm in First search and 20
ppm in Main search, and the mass tolerance for fragment ions was set as 0.02 Da.
Carbamidomethyl on Cys was specified as fixed modification, and acetylation on
protein N-terminal and oxidation on Met were specified as variable modifications.

FDR was adjusted to < 1%.

2. Methods for lentivirus packaging and infection

Lentiviral expression Lv105 plasmids encoding empty vector (EV) or NIBAN1
were obtained from Genecopoeia Inc. Lentiviral ShRNA plasmids encoding scramble
control, sShNIBAN1, and shFAK/PTK2 were also provided by Genecopoeia Inc. The
sequences for the shRNAs and control shRNA used in this study are listed as follows:
NIBAN1 shRNAs: sh-1: CCAAGCC ACCATTGGCGCCTG; sh-2:
CAGCCCTTTGTGGTCCTGCCC. Scramble control:
CCTAAGGTTAAGTCGCCCTCG. These lentiviral plasmids were cotransfected into

293FT cells with a Lentiviral Packaging Kit (Genecopoeia) to obtain recombinant



lentiviruses.

For the generation of stable cell lines, bladder cancer cells were cultured in 60mm
culture dishes overnight. The collected recombinant lentiviruses supplemented with 8
ug/ml polybrene were added to the adherent cells. After 48 h of viral infection, the
supernatant was replaced with fresh medium containing 1 pg/ ml puromycin, and

incubated for 1 week.
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Figure S1: A. Distribution of protein mass of identified proteins. B. Relative standard
deviation (RSD) of proteomic data of primary/recurrent NMIBCs. C. The heatmap of

Pearson correlation coefficients between paired primary and recurrent NMIBCs
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Figure S2: Graphical network map of KEGG Focal adhesion pathway. Red,

up-regulated proteins; green, down-regulated proteins.
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Figure S3: The mass spectrum of NIBAN1 unique peptide (VLTSEDEYNLLSDR).



Table S1: The clinicopathological information associated with paired primary/recurrent specimens

Case. No  Sex Age  Time. diagnosis  Time. recurrence  Time to recurrence (months) Tumor stage
BCO018 M 47 2018.1 2020.3 26 Ta
BCO033 M 30 2018.5 2019.4 11 T1
BC893 M 53 2018.7 2019.3 8 T1
BC260 M 35 2019.1 2020.6 18 T1
BC258 F 68 2019.9 2020.6 9 T1
BC764 F 69 2019.11 2021.4 17 T1
BC393 M 77 2020.4 2020.11 7 T1
BC097 M 69 2017.12 2019.11 23 T1



Table S2: Differentially expressed proteins in recurrent vs. primary comparisons

Q9BZQ8 NIBAN1  7.33 2.87 0.008 Up
015061  SYNM 6.57 2.72 0.023 Up
P08648  ITGA5 6.20 2.63 0.008 Up
P00746 CFD 4.71 2.24 0.015 Up
Q15124  PGMS5 4.69 2.23 0.025 Up
P30837 ALDH1B1  4.40 2.14 0.030 Up

Q9HBLO  TNS1 3.96 1.98 0.023 Up
P55083  MFAP4 3.92 1.97 0.028 Up
P46821  MAP1B 3.83 1.94 0.020 Up
P02511  CRYAB 3.74 1.90 0.009 Up
Q13642  FHL1 3.57 1.84 0.045 Up
P63267 ACTG2 3.55 1.83 0.035 Up
P21291  CSRP1 3.55 1.83 0.013 Up
P35749  MYH11 3.55 1.83 0.041 Up
Q9NR12 PDLIM7  3.54 1.82 0.031 Up
Q86VB7  CD163 3.45 1.79 0.021 Up
Q8IVN8 SBSPON  3.40 1.77 0.035 Up
P62736  ACTA2 3.34 1.74 0.040 Up
P22352  GPX3 3.21 1.68 0.009 Up

0AOAOMRZIGKV3D-11  3.20 1.68 0.037 Up

Q14195 DPYSL3  3.05 1.61 0.004 Up
Q96PD5 PGLYRP2  2.99 1.58 0.034 Up

Q9INZU5 LMCD1 2.99 1.58 0.008 Up
P01861  IGHG4 2.94 1.56 0.027 Up
P00748 F12 2.92 1.55 0.034 Up
043866  CD5L 2.92 155 0.010 Up
P35858  IGFALS 2.86 1.52 0.029 Up
Q14BN4  SLMAP 2.85 151 0.019 Up
P21810 BGN 2.78 1.48 0.038 Up
Q15746  MYLK 2.71 1.44 0.017 Up
P12110 COL6A2 271 1.44 0.019 Up
PODOX7 - 2.64 1.40 0.038 Up
P12109 COL6AL  2.63 1.40 0.019 Up
P21333  FLNA 2.63 1.40 0.040 Up
Q8TF30 WHAMM  2.62 1.39 0.035 Up
P01860  IGHG3 2.58 1.37 0.040 Up
P01859  IGHG2 257 1.36 0.026 Up
P01009 SERPINAL  2.57 1.36 0.007 Up
P02753 RBP4 2.54 1.35 0.017 Up
P02774 GC 2.52 1.33 0.004 Up
P10301  RRAS 2.51 1.33 0.021 Up
Q63ZY3  KANK2 251 1.33 0.031 Up
Q96ACL FERMT2 247 1.30 0.013 Up
P01019 AGT 2.46 1.30 0.020 Up
043182 ARHGAP6  2.46 1.30 0.020 Up

Q8WX93  PALLD 2.44 1.29 0.049 Up
095810 CAVIN2  2.44 1.29 0.024 Up

Q96P44 COL21A1 2.35 1.23 0.048 Up
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Table S3: Differentially expressed genes in shNIBANI vs

AccID Fold
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