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Supplementary figure 1 Comparison of the BDL model mouse generated in the present
study with that in the previous study

[a, and b] 5 um FFPE sections of control (a) and BDL (b) mouse liver were stained with
hematoxylin and eosin for pathology review. The scale bar in each figure panel represents 100 pm.
[c] Changes in the expression levels of three transporters (Ntcp, Bsep and Abcb4) induced by BDL
in the present study were compared with those in the previous report.! The whole tissue lysate of
mouse fresh liver was processed by PCT and the peptide samples were subjected to SWATH
analysis. Closed and open columns represent the fold changes in the present study and the previous
study, respectively. Each column represents the mean = SEM (n=4 for control; n=3-4 for BDL). The

SEM value was calculated according to the law of propagation of error, as previously reported.?
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[ In Peakview (Version 2.2, SCIEX)

Number of peptides per protein: 999
Number of transitions per peptide: 6
Peptide confidence threshold %: 99

. False discovery rate threshold %: 1.0

. XIC Extraction Window (minute): £4.0
XIC width (ppm) : 50

Data extraction

In Skyline (Version 4.1, freely available\
open-source Windows client application)
1. Number of transitions per peptide: 6

2. FDR cut-off score (g-value): 0.05

3. Retention time filtering (min): £2.5

4. lon match tolerance (m/z) : £0.25

X Other all conditions were set to default

as described in the Skyline Tutorial
(https://skyline.ms/wiki’home/software/Skyline/page
.view?name=tutorial_ms1_filtering). )
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1. Extract transitions with peak area over 1000
counts in all samples

Extract transitions with peak area differences
under 10-fold in all 4 replicates

Median normalization for all samples

Extract peptides quantified in 3 to 6 transitions
. For each peptide, calculate the average peak
\ area of all the transitions

Data selection procedure
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Extract peptides whose peak area is higher than
the median of the peak area of the background
noise

Extract peptides with peak area differences
under 10-fold in all 4 replicates

Median normalization for all samples
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. NOT including the transmembrane domain of the protein
NOT including K or R except for the C terminal of the peptide
NOT including KK, RR, RK, KR,
NOT including any modification except for C carbamidomethylation
NOT including C residue without C carbamidomethylation

a
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In silico peptide selection criteria

NOT including M residue

NOT including N or Q residue at the N terminal of the peptide
NOT including NA or NG continuous sequence
Peptide sequence specific to target protein among all proteins j

KP or RP at the digestion site

For the comparison of the peak area between FFPE and
fresh samples in the PCT(+21-

area in “protein level” for eac
calculated as an average of peak area of all the
selected, only for Supplémentary figures 12a and 1

SWATH condition, the peak
protein was also additionally ==
2pbeptldes

A 4

/

Figures 1 and 2; Supplementary figures 4 and
12a,b (protein level); Supplementary tables 2 to 5

esh peptide peak area
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Supplementary figure 2 Data analysis workflow for SWATH and shotgun measurements
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Supplementary tables 2 to 5
¥

Step 1. Calculate the peptide peak area as the mean of 4 replicates

[ Step 2. Extract peptides whose FFPE and fresh peptide peak areas\

agree well (within 1.2-fold range) in both control and BDL
withper 12 Without PCT (1:1.2)
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ﬁtep 3. In addition to the peptides extracted in Step 2, peptides satisfying the 1.2-fom

criterion under the PCT(+) but not the PCT(-) condition in Step 2 were retrieved in the
PCT(-) condition. Peptides satisfying the 1.2-fold criterion in the PCT(-) but not the
PCT(+) condition in Step 2 were retrieved in the PCT(+) condition.
With pCT (1:1-2) 4 Without PCT (1:1:2)
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For the comparison of BDL/control ratio between FFPE and
fresh samples in the PCT(+)-SWATH condition, the peak
area in “protein level” for each protein was also additionally
calculated as an average of peak area of all the feptldes
selected, only for Supplémentary figures 12c and 12d.

Step 4. Calculate the BDL-induced change in peptide (protein) peak area for each peptide (protein)
The mean of peptide (protein) peak area in BDL

The mean of peptide (protein) peak area in Control

|

Figures 4 and 5; Supplementary figures 7, 8, 9, 10, 11
/ and 12c.d (protein level); Supplementary tables 7 to 14 \

BDL/control ratio =

With PCT (1:1.2) Without PC:l' (1:1.2)

S (1.2)

Fresh log2 (BDL/control ratio)

Fresh log2 (BDL/control ratio)

\ FFPE log2 (BDL/control ratio) FFPE log2 (BDL/control ratio) j

Supplementary figure 3 Data analysis workflow for the evaluation of BDL-induced changes

in protein expression level
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Supplementary figure 4 Effect of PCT treatment, SWATH analysis, heat-compatible PTS
buffer and in silico peptide selection criteria on the comprehensive quantification of cytosolic

proteins in FFPE sections of mouse liver
[a, b, ¢, d and e] Cytosolic proteins were selected according to the subcellular location information

in the Uniprot mouse proteome database. Peptide peak areas were compared between FFPE and
fresh mouse liver samples. Peptides were prepared with PCT treatment using PTS buffer (95 °C
heating for lysis) and measured in the SWATH mode [a and e, PCT(+)-SWATH], or prepared
without PCT treatment (only incubation in PTS buffer at 95 °C for lysis) and measured in the
SWATH mode [b, PCT(-)-SWATH], or prepared with PCT treatment using PTS buffer (95 °C
heating for lysis) and measured in the shotgun mode [c, PCT(+)-Shotgun], or prepared without PCT
treatment (only incubation in PTS buffer at 95 °C for lysis) and measured in the shotgun mode [d,
PCT(-)-Shotgun]. Data analysis for a, b, ¢ and d was carried out as described in Supplementary
figure 2 with in silico peptide selection criteria. The data were taken from Supplementary tables 2, 3,
4 and 5. Data analysis for e was carried out as shown in Supplementary figure 2 but without
application of the in silico peptide selection criteria. Each point represents the mean (n=4). The
broken lines represent 1.5-fold difference. The % in each scatter plot is the proportion of peptides
whose peak areas from FFPE are consistent with those from fresh samples within a 1.5-fold range.
[f] This graph was generated using the data of the reported PCT-SWATH study>. Cytosolic proteins
were selected according to the subcellular location information in the Uniprot human proteome
database. Peptide peak areas were compared between FFPE and frozen human benign prostatic
tissues obtained from the same resected tissue of patient 15, who showed the best agreement (as an
inaccuracy value) between FFPE and frozen peptide peak areas among the 24 patients. The peptide
samples of FFPE and frozen prostatic tissues were prepared with PCT treatment using urea buffer
without heating, and then measured in the SWATH mode. The in silico peptide selection criteria
were not applied. The broken lines represent 1.5-fold differences. The % in each scatter plot is the
proportion of peptides whose peak areas from FFPE samples lie within a 1.5-fold range of those
from frozen samples. [g, and h] Inaccuracy (g) and CV values (h) corresponding to panels a, b, c,
and d were calculated as described in Materials & Methods, and the inaccuracy (g) was also
calculated from panels e (gray column) and f (hatched column). Each column represents the mean +
SEM (n = 716-2329 peptides; number commonly detected in FFPE and fresh samples under each
experimental condition). *p < 0.001, significant difference between two groups

(Bonferroni-corrected Student’s z-test).
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Supplementary figure S The median numbers of amino acid residues (AAs) of proteins in
each region of the Venn diagrams in Figures 3a, 3b and 3¢

a (total), b (cytosolic) and ¢ (membrane) correspond to Figures 3a, 3b and 3c, respectively. The
median numbers of AAs are shown. Red and blue numbers represent the highest and lowest

medians in each case. The number of AAs was obtained from the Uniprot database.
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Supplementary figure 6 The percentage of transmembrane proteins among membrane
proteins in each region of the Venn diagram in Figure 3¢
The presence or absence of a transmembrane region in each membrane protein was established from

the Uniprot database.
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Supplementary figure 7 Effect of PCT treatment and SWATH analysis on comprehensive quantification
of BDL-induced changes in expression levels of cytosolic proteins in FFPE sections

[a, b, ¢, and d] Cytosolic proteins were selected according to the subcellular location information in the Uniprot
mouse proteome database. The BDL-induced changes in expression level (BDL/control ratio) were compared
between FFPE and fresh samples of mouse liver at tl%e peptide level. Peptide samples from FFPE and fresh livers
were prepared with PCT treatment and measured in the SWATH mode (a, PCT(+)-SWATH), without PCT
treatment and measured in the SWATH mode (b, PCT(-)-SWATH), with PCT treatment and measured in the
shotgun mode (c, PCT(+)-Shotgun), or without PCT treatment and measured in the shotgun mode (d,
PCT(-)-Shotgun). Data analysis was carried out as described in Supplementary figure 3. The data were taken from
Sl;pplementary tables 7, 8, 9 and 10. Each point represents the mean (n=4). The broken lines indicate 1.2-fold
differences. The % in each scatter plot is the proportion of peptides whose peak areas from FFPE are consistent
with those from fresh samples within a 1.2-fold range. [e, and f] Inaccuracy (¢) and CV value (f) corresponding to
panels a, b, ¢, and d were calculated as described in Materials & Methods. Each column represents tﬁe mean =+
SEM (n=308-368 peptides; number commonly detected in FFPE and fresh samples under each experimental
condi)tion). **p < 0.001, *p < 0.01, significant difference between two groups (Bonferroni-corrected Student’s
t-test).
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Supplementary figure 8 Effect of PCT treatment and SWATH analysis on comprehensive quantification
of BDL-induced change in expression levels of membrane proteins in FFPE sections

[a, b, ¢, and d] Membrane proteins were selected according to the subcellular location information in the Uniprot
mouse proteome database. The BDL-induced changes in expression level (BDL/control ratio) were compared
between FFPE and fresh samples of mouse liver at the peptide level. Peptide samples of FFPE and fresh livers
were prepared with PCT treatment and measured in the SWATH mode (a, PCT(+)-SWATH), without PCT
treatment and measured in the SWATH mode (b, PCT(-)-SWATH), with PCT treatment and measured in the
shotgun mode (c, PCT(+)-Shotgun), or without PCT treatment and measured in the shotgun mode (d,
PCT(-)-Shotgun). Data analysis was carried out as described in Supplementary figure 3. The data were taken from
Slipplementary tables 7, 8, 9 and 10. Each point represents the mean (n=4). The broken lines indicate 1.2-fold
differences. The % in each scatter plot is the proportion of peptides whose peak areas from FFPE are consistent
with those from fresh samples within a 1.2-fold range. [e, and f] Inaccuracy (¢) and CV value (f) corresponding to
panels a, b, c, and d were calculated as described in Materials & Methods. Each column represents the mean +
SEM (n=119-190 peptides; number commonly detected in FFPE and fresh samples under each experimental
condition). *p < 0.001, significant difference between two groups (Bonferroni-corrected Student’s t-test).
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Supplementary figure 9 Effect of heat-compatible PTS buffer and peptide/data selection criteria on
the comprehensive quantification of pathological changes in protein expression level in FFPE tissues

[a, and b] The BDL-induced changes in expression level (BDL/control ratio) were compared between FFPE
and fresh samples of mouse liver at the peptide level. Peptide samples of FFPE and fresh livers were
prepared with PCT treatment using PTS buffer (95 °C heating for lysis) and measured in the SWATH mode
[PCT(+)-SWATH]. Data analysis was conducted with in silico peptide selection criteria and the data
selection illustrated in Supplementary figure 3 (a) or without the peptide and data selections (b). Each point
represents the mean (n=4). The broken lines indicate 1.2-fold differences. The % in each scatter plot is the
proportion of peptides whose peak areas from FFPE are consistent with those from fresh samples within a
1.2-fold range. [c] This graph was generated using the data from the reported PCT-SWATH study® for FFPE
and frozen tumorous and benign prostatic tissues. Tumor/benign ratios were compared between FFPE and
frozen tissues obtained from the same resected tissues of patient 15, who showed the best agreement (as an
inaccuracy value) between FFPE and frozen tumor/benign ratios among the 24 patients. The peptide samples
of FFPE and frozen prostatic tissues were prepared with PCT treatment using urea buffer without heating,
and then measured in the SWATH mode. The in silico peptide selection criteria and the data selection
illustrated in Supplementary figure 3 were not applied. The broken lines indicate 1.2-fold differences. The %
in each scatter plot is the proportion of peptides whose peak areas from FFPE are consistent with those from
frozen samples within a 1.2-fold range. [d] Inaccuracy values corresponding to panels a, b and ¢ were
calculated as described in Materials & Methods. Each column represents the mean £ SEM (n=1112-6976
peptides; number commonly detected in FFPE and fresh (frozen) samples under each experimental
condition). *p < 0.001, significant difference between two groups (Bonferroni-corrected Student’s t-test).
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Supplementary figure 10 Effect of heat-compatible PTS buffer and peptide/data selection criteria on
the comprehensive quantification of pathological changes in expression levels of cytosolic proteins in
FFPE tissues

[a, and b] Cytosolic proteins were selected according to the subcellular location information in the Uniprot
mouse proteome database. The BDL-induced changes in expression level (BDL/control ratio) were
compared between FFPE and fresh samples of mouse liver at the peptide level. Peptide samples of FFPE and
fresh livers were prepared with PCT treatment using PTS buffer (95 °C heating for lysis) and measured in the
SWATH mode [PCT(+)-SWATH]. Data analysis was conducted with in silico peptide selection criteria and
the data selection illustrated in Supplementary figure 3 (a) or without the peptide and data selections (b).
Each point represents the mean (n=4). The broken lines indicate 1.2-fold differences. The % in each scatter
plot is the proportion of peptides whose peak areas from FFPE are consistent with those from fresh samples
within a 1.2-fold range. [¢] This graph was generated using the data from the reported PCT-SWATH study?
for FFPE and frozen tumorous and benign prostatic tissues. Cytosolic proteins were selected according to the
subcellular location information in the Uniprot human proteome database. Tumor/benign ratios were
compared between FFPE and frozen tissues obtained from the same resected tissues of patient 15, who
showed the best agreement (as an inaccuracy value) between FFPE and frozen tumor/benign ratios among
the 24 patients. The peptide samples of FFPE and frozen prostatic tissues were prepared with PCT treatment
using urea buffer without heating, and then measured in the SWATH mode. The in silico peptide selection
criteria and the data selection illustrated in Supplementary figure 3 were not applied. The broken lines
indicate 1.2-fold differences. The % in each scatter plot is the proportion of peptides whose peak areas from
FFPE are consistent with those from frozen samples within a 1.2-fold range. [d] Inaccuracy values
corresponding to panels a, b and ¢ were calculated as described in Materials & Methods. Each column
represents the mean + SEM (n=368-2329 peptides; number commonly detected in FFPE and fresh (frozen)
samples under each experimental condition). *p < 0.001, significant difference between two groups
(Bonferroni-corrected Student’s t-test).
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Supplementary figure 11 Effect of heat-compatible PTS buffer and peptide/data selection criteria on
the comprehensive quantification of pathological changes in expression levels of membrane proteins in
FFPE tissues

[a, and b] Membrane proteins were selected according to the subcellular location information in the Uniprot
mouse proteome database. The BDL-induced changes in expression level (BDL/control ratio) were
compared between FFPE and fresh samples of mouse liver at the peptide level. Peptide samples of FFPE and
fresh livers were prepared with PCT treatment using PTS buffer (95 °C heating for lysis) and measured in the
SWATH mode [PCT(+)-SWATH]. Data analysis was conducted with in silico peptide selection criteria and
the data selection illustrated in Supplementary figure 3 (a) or without the peptide and data selections (b).
Each point represents the mean (n=4). The broken lines indicate 1.2-fold differences. The % in each scatter
plot is the proportion of peptides whose peak areas from FFPE are consistent with those from fresh samples
within a 1.2-fold range. [¢] This graph was generated using the data from the reported PCT-SWATH study?
for FFPE and frozen tumorous and benign prostatic tissues. Membrane proteins were selected according to
the subcellular location information in the Uniprot human proteome database. Tumor/benign ratios were
compared between FFPE and frozen tissues obtained from the same resected tissues of patient 15, who
showed the best agreement (as an inaccuracy value) between FFPE and frozen tumor/benign ratios among
the 24 patients. The peptide samples of FFPE and frozen prostatic tissues were prepared with PCT treatment
using urea buffer without heating, and then measured in the SWATH mode. The in silico peptide selection
criteria and the data selection illustrated in Supplementary figure 3 were not applied. The broken lines
indicate 1.2-fold differences. The % in each scatter plot is the proportion of peptides whose peak areas from
FFPE are consistent with those from frozen samples within a 1.2-fold range. [d] Inaccuracy values
corresponding to panels a, b and ¢ were calculated as described in Materials & Methods. Each column
represents the mean + SEM (n=190-1227 peptides; number commonly detected in FFPE and fresh (frozen)
samples under each experimental condition). *p < 0.001, significant difference between two groups
(Bonferroni-corrected Student’s t-test).
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Supplementary figure 12 Comparison of peak area and BDL/control ratio between FFPE and fresh
samples using protein level data

[a, and b] Protein peak areas were compared between FFPE and fresh mouse livers. Peptide samples of FFPE and
fresh livers were prepared with PCT treatment using PTS buffer (95 °C heating for lysis) and measured in the
SWATH mode [PCT(+)-SWATH]. Data analysis was conducted as described in Supplementary figure 2 with the
calculation of protein peak areas as the average values of the peptide peak areas for each protein, with (a) or
without (b) in silico peptide selection criteria. Each point represents the mean (n = 4). The broken lines represent
1.5-fold differences. The % in each scatter plot is the proportion of proteins whose peak areas from FFPE samples
lie within a 1.5-fold range of those from fresh samples. [c, and d] The BDL-induced changes in expression level
(BDL/control ratio) were compared between FFPE and fresh samples of mouse liver at the protein level. Peptide
samples of FFPE and fresh livers were prepared with PCT treatment using PTS buffer (95 °C heating for lysis)
and measured in the SWATH mode [PCT(+)-SWATH]. Data analysis was conducted as described in
Supplementary figure 3 with the calculation of protein peak areas as average values of peptide peak areas for each
protein, with in silico peptide selection criteria and the data selection illustrated in Supplementary figure 3 (c) or
without the peptide and data selections (d). Each point represents the mean (n=4). The broken lines indicate
1.2-fold differences. The % in each scatter plot is the proportion of proteins whose peak areas from FFPE are
consistent with those from fresh samples within a 1.2-fold range. [e] Inaccuracy values corresponding to panels a,
b, ¢ and d were calculated as described in Materials & Methods. Each column represents the mean + SEM
(n=538-1161 proteins; number commonly detected in FFPE and fresh samples under each experimental
condition).
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Supplementary methods

Normal and bile duct ligation (BDL) mice

Male C57BL/6 mice (7-8 weeks of age) were purchased from Japan SLC (Hamamatsu, Japan). All
experimental protocols were approved by the Institutional Animal Care and Use Committee in
Tohoku University, and were performed in accordance with the guidelines of Tohoku University.
The bile duct ligation (BDL) mouse model was prepared as described previously.! Briefly, under
anesthesia induced with isoflurane, the abdominal cavity was opened and the common bile duct was
dissected, and doubly ligated with commercial surgical sutures, leaving the gall bladder intact. The
abdominal muscle and wound were sutured with commercial surgical sutures. The liver was isolated
at 7 days after BDL. We confirmed that the BDL model mice had been properly prepared by
staining the liver with hematoxylin and eosin (H&E); pathological review revealed liver damage, as
expected (Supplementary figure 1). In addition, the changes in expression levels of ntcp, bsep (bile
acids transporters) and abcb4 (phospholipid transporter), measured in the SWATH mode, were

consistent with those reported previously' (Supplementary figure 1).

Evaluation of PCT-assisted protein extraction from FFPE sections

The effect of PCT on protein extraction from FFPE sections was evaluated by comparison with the
extraction of proteins from frozen sections into PTS buffer. The FFPE tissue suspension prepared as
described in Materials & Methods was used. For the frozen samples, mouse liver in OCT compound
was sectioned in a cryostat at —20 °C, and the sections were suspended in PTS buffer by sonication,
so that the tissue concentration ([number of sections] x [thickness per section] x [area per section] /
[volume of PTS buffer]) was the same as that of the FFPE suspension. Aliquots of 120 uL of FFPE
and frozen suspensions were placed in PCT Micro Tubes (Pressure BioSciences, South Easton,
MA) with PCT Micro Caps (100 pL size) (Pressure BioSciences, South Easton, MA), and processed
with or without PCT. The protein concentrations in the solution were determined by means of BCA
assay. The protocol is described below.

Preparation of FFPE tissue suspension was carried out as described in Materials &
Methods. To verify the efficiency of the extraction, we also prepared matched frozen sections from
mouse liver as follows. Frozen mouse liver samples were anchored in OCT compound, and twenty
10 um sections were cut on a cryostat at —20 °C. All the sections were added to 4.8 mL of PTS
buffer in a 15 mL low protein adsorption centrifuge tube, and the sample was suspended by
sonication. The ratio of tissue volume to buffer volume is theoretically the same in the FFPE and
frozen tissue suspensions. Aliquots of 120 puL of FFPE and frozen homogenates were placed in PCT
Micro Tubes (Pressure BioSciences, South Easton, MA) with PCT Micro Caps (100 uL size)
(Pressure BioSciences, South Easton, MA). All samples were incubated at 95°C for 60 min in block
incubator (Eppendorf, Hamburg, Germany) with mixing at 1000 rpm. Thereafter, both FFPE and

frozen samples were processed in two ways, with or without PCT treatment. For PCT treatment,
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samples were incubated in a Barocycler (NEP 2320 Enhanced; Pressure BioSciences, South Easton,
MA) in two steps as follows: firstly 60 cycles of 95 seconds at 45000 psi and 5 seconds at
atmospheric pressure at 95 °C, and secondly 50 cycles of 20 seconds at 45000 psi and 15 seconds at
atmospheric pressure at 95 °C. Samples without PCT treatment were simply incubated in the block
incubator (Eppendorf, Hamburg, Germany; without mixing) at 95 °C for the same time as the PCT
treatment. Finally, all samples were cooled to room temperature, and centrifuged at 15000 rpm for 3

min. The protein concentration in the supernatant was determined by means of BCA assay.

Generation of the spectral library for SWATH analysis

The tryptic digests of FFPE tissue suspension of mouse liver were fractionated by isoelectric
focusing and measured in the shotgun mode as described previously.* Shotgun data were analyzed
using the Paragon algorithm of ProteinPilot Version 4.5 (SCIEX), and the UniProt Mouse proteome
database (release2018 03, entries) was searched. The six user-defined options were: (i) cysteine
alkylation, iodoacetamide; (ii) digestion, trypsin digestion; (iii) special factors, none; (iv) species,
Mus musculus; (v) identification focus, biological modification; and (vi) search effort, thorough
identification search. The identification confidence is >99%. The FDR values were all lower than
1%. Finally, excluding overlapping peptides or proteins, 30179 peptides and 3140 proteins were
included in the spectral library, which was uploaded in the PeptideAtlas webpage with identifier
PASS01457.
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