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5 I ER M AR R MO BRI A D AR
ST T M e s A LTS PR AR B N-IE 4R RE, &
PENSHSF1 4509 3 F s rl s B & 4, 151
AN-H MR G 8 (dNGscore) 5 Bl
U s e 7 AL I T IK i e R A 4 N-
RN B e A AR S RIS, S e
MIZ . B MRS R L, B M 4
Bz LS RN HUERE 22 A I e 3B 07 1Y) N-3% He e
SR BT

AT REEFARALMEHAL Y, RS
MO W A B L # (formalin-fixed paraffin-
embedded, FFPE) {RAFMAIZIY) 5 3k4%, H
WAFESRAEAL Y, H FFPE 4] A B pE s
H Y N-ZE M EE 1 TS 00 5V VR U0 AR — 3,
It 5 R F BB YIAOC ™, FE BT B EOG AT
BBt (matrix assisted laser desorption ionization-
mass spectrometry, MALDI-MS) # #{#F55 A 51 H
R FRAESFHT FFPE 4 4LY) 19 N- 4 Hemi it 0, 3k
B P M Tl B A AU b AR 1 BT N-JE S EE 0 B
M o 3T AE Sk, B3 1R (mass spectrometry
imaging, MSI) AR MNKI KRN, CLLH T
X N-JE SRR T e h B B 52 o0 AT fde b, 48
N T N-E WA g 8P AN — 1 Yo i
Ab, MZHZ b 53 2 N-3% 405 % 2 T 46 U FFPE 40
LY Fr b N- SRR OGP T8, BRI 3 5
A WA EHSUR R RE AT, IR
DAY i £ 10 RR A N- R W R 5 D il A ZH 41
S AR RN R 2 AT R T
a AR R

GRS FIRIEN, AR T — R A il i
2H 21 B¢ i N- 3% #: W5 8% (in-situ N-linked glycan
release) HRS IR L (INGR-MS) BFFEIE
[t JE FFPE 420 Y] A 1 N-E 25 B 1Ko I
BTG T 16 15 5 Ik 98 HR A 1Y R E RIE 55 1
FFPEH LI Fr, &R TEMEALh, &
# M7 N2H6. N2H7. N2HS. N2H9 14 %% #Y
NSHOF1 4 5 1 1 /K F- 2 35 4 v 5 1 ol Y
N2H5. #% & A N3H5 Fil &2 Z% %1 N3H4, N4H4,
NSHOF1S2 WEHE B i K F- 2 2% T [ . ROC 73 #r 2
N, RUREZ T N-JE HR4E N3H4 (4UC=0.90) #iI
N4H4 (4UC=0.91) 75 a3 5] D73 9 g 6
MR A U 55 H SV A ARG A AT REME, W]

RERLA s ey PP AELE b a5
1 #R57EE

1.1 ##

CBE, AR . FEETREN . RN — S e
A E 2y 4 A A 2E a0 A BR A R i RS B
(NH,HCO,) . 2,5- LK R (DHB) . S Ab4H
(NaCl) . &AL (NaOH) . #rifEfik . =R LR
(TFA) . &8 (FA) . WEF I (DMSO)
4 F Sigma-Aldrich (3E[E); ZH R0 [ 1 fHr
T AR A BR A 5 P el 8 P57 R
AR /AT; PNGase FIHIb i E B HEHHARE
FRNF]; CI8 SPEER T H 3IMAH] (3EH); Z1L
A #=fkik (PGC) JZMrHE H Sigma-Aldrich (3£
). 1641 B bE s B A ZH 200 Aok VT g 2
JREEBE, HREFEAGEME PR, 16 HEEHS
W, 1S B R R, 1 B BRI (3R
S1)o ABFF W R NARFEAR I T A T BIFF A1
A RFAE Y 4 SRR Z B S B AR

Table 1 Sample information

Peritumoral "’ Tumor
Numbers 16 16
Age+SD 69.63£8.66 69.63+8.66
Male 15 15
Female 1 1

Y Peritumoral tissue is defined as histologically-normal and < 2 cm

from the cancer tissue.

1.2 FFPEALVIRBABSNEEE

FFPE ] A3 i W vk — e v i ity ARk
10 min; SRJ57E 100% LBER M2 K, 5 min/ik;
IFATE95% . 90% . 80% F170% (viv) BB
R —U, 453 min; 1 )5 O 4K IR i 2 Ik,
3min/R; B EEA TR T4 S min, Z W
B KFFPEY] R IBEGE &BL, PUIRAER AT LI bR AR
IR E PRI B R P AC R, R 2 E M
B KRB T4 pH 3.0 BURE &2 2% iR
PR &, F95°CTFE 30 min; AEHUI A&
BERKPEHS ming FEHDKESRY R &b —F
SRS AER KR A I 2K, 5 min/ik ;T A
4K vpyR VI R 10~15 s; e JrfE 2 As T h 1

5 mino



2022; 49 (100

f2#, %. ETFFPEARY] R B EN- SRR R A B R T

2003

1.3 N-EZREERENEEREL

¥ PNGase F % (PNGase F % T 40 mmol/L
NHHCO,; 1:50 (v/v) ) 7Y A 441X,
T 45°CHREE T T4 20 min J5, 16 A il & 7 37°C
I 3 ho JH 50 mmol/L NH,HCO, 7 3 4H 41 3 Ik,
5 min/iR; R B I S R0 0 N-JEFE MBS . (i
FH EL I PGCHE S Il ACN/K 2R 58 Ak N- i 0 4
FEA T4 WIS PEAT N-3% S A B 11 4 H 61k .
¥ NaOH F1 DMSO 159 3 A T8 N-3% H2 i 5 A
mn PRI e, Z IR R EEGHRS 25 min, il
AR R A5 1k 5 =G0 e AR 4 4B N-i%E
ephEeE, —EWREHAKRVEER S K, AR T
FEdh o
1.4 N-ZEEHE#EMALDI-TOF/TOF-MSH2 il

SulEEL - K (101, vv) W4 LML N-
HEREREEE, B pl 5 1 pl DHB-Na BEBAM (20 g/L
DHB. 10% HE . 1 mmol/L NaCl) B4, FHET
MTP Anchorchip #4z (900 pm, 384 #7) I, FF7E
F= W N T M. i F] FlexControl 3.0 (Bruker

Daltonics GmbsH, Bremen, Germany) £ il
UltrafleXtreme MALDI-TOF/TOF MS  (Bruker

Daltonics GmbH, Bremen, Germany) 434 N-i%4%
WHEERE S (AR SE BT . HE R, &1
PR 1: 2459kV, BEFIE2: 22.19kV; G,
SRR L: 26.63kV, SUGFHLE2: 13.44kV; i
EMETEE, 1.5 ~4.5 ku, fE—HEE PR HiR
WEHEAT s o, BIASEOR BTN BT
1: 75 kv, BT 2: 68 kVv; I HJE I:
29.1kV, JATHE2: 13.95kV, LIFTL: 19kV;
LIFT2: 3.15kV,
1.5 N-ERMEEEMER R BRI

ff F FlexAnalysis 3.3
GmbsH, Bremen, Germany) XJ i & ¥ 17 5 Ik
smooth Jf: 41T 1 ¥k Baseline subtraction, ¥&#H{= M
RT3 MIELL 2R 16, 4 m/z F intensity {5 & 7 1
F xIsx #%2 .  FH GlycoWorkbench 2 5 14 B¢ N-i%
FEWERESE, SHOEWT . GlycomeDB £448 /%,
HEAR [M+Nal *, TR+, BIRETA
RIERL, BABETARER0S5, N TR
JIe 96 IR 55 2 2 N- 3 M B 1 1 KO- Y 22 57
68 FH N B AR 114 o 3 e B 5 e E U M 7K -
H T IHBEARIFEA B AR 22 57, SR N-7E 30
HE B AR SR B AT LR, iR R P N-
WA 9 BT 5920 B BT A7 N-3 B0 6 0 5 1Y LU AE

(Bruker Daltonics

R FCARXT IR . Ry T RN R 2E, I3 IRE R Y
N- 34 2 WA A DG 0 32 T (A 7 e g R 55 ZH 2L 2
B A9 %2 . i B GraphPad Prism 8 22 il #05 & Fb 358
Jirb R RS 55 2H 4[] [ N-3 2 MR i K S 22 57
IEAE FOBURR TC AT 7 A6 56 30 T RS A 1) 2 22 S R T
i 1 GraphPad Prism 8 % il 57 ik 3 #& 1 ¢ 1F
(receiver operating characteristic, ROC) 4 )& /R
FEIRR AT H 5 B T 1 N3 MR %o 5 e 9 ) OB 1)
WeRf i, HAh2k F AN (area under curve, AUC)
B R Ay 00 A

2 HRE5H

2.1 FEBtEFFPEA LAY F N-EZETEE ST

DL FFPE U1 i bR 5 i 35 4 2L N-i%
TEREEEAR AL, X T A7 il A 2H 2RI N- 34 422 W e B
GRS AT TR ks B AR an
. FFPEALIYI R &Ml . K MPLEERE
J&i ., FH PNGaseF P fif 40 2V N-iE B bieE, 48
PGC-Tip & £ 5 iz Wtk g i, A )5 H
MALDI-TOF/TOF-MS £ il FH 34k N-i% B2 W4k I i
TR AT (K1) BEBOR A 16 B R LR AR ]
1 165 e g % FFPE U) R, 32 MY kAR,
BAMEAALEEIRER, Ui HEQ A5 0
71 I e P DX SRk o g L (Pl S1) o Rl — AR b
Jed FVJes 55 L 21 FFPE ) Fr N-3Z it 5 i /R
HIAN N-JE s IE LA B 2257 (K 2a), [F]
BF,  E 9 5% IR 20 2145 U0 7 il 1) N- 3% H2 b4k
AN B0 A7 850 53 o 33 F136.5, TRl — A E B RE
i 22 [) N- 2 FE AR A B0 i 25 S /N, FLJRE S
i 9gg 211 2 ) N- 3% 42 M 55 5 H B2 e IR — 2% H i
W (E12b), DRIz S Tk A R I Y Fe e
PR EL AT S T S IR (R A g . BRAh, FERESS
JifiRE 20 20 R 280 N e BE AR S R B ()
HAK T 30%, H CVAA M T E 5 51 27.70% F1
22.35% (&l 2¢), 3WRE R [H #2578 ] R iriE
I, & TSR FFPE 20430 A () N-34& 434 20
Br 2, BlJE, N T IRSE FEPE 443 AR A 7 i a) it
A BB, YRR AER A (1,
2. 3F144F) B FFPE 441 7 % 1 N-iE e bk
AT T F 4353 (principal component analysis,
PCA), ZRFRUIANRIEAERT[A] ) FFPE 4410 F (1)
N-I%E Hpl e Z WA W% 22 5%, U] FFPE {-f£ 7]
DRSO 2 5 B 1 5 R HOWE R Ak 8 i 1Y) S5 Btk 3
(K2d).
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Fig. 1 Workflow of N—glycan profiling from FFPE tissue sections
The FFPE section was deparaffinized and antigen retrieval. Then FFPE section was digested with PNGase F to release N-glycans, the N-glycans were
purified and enriched with a home-made PGC Tip and then premethylated. Finally, the glycans were detected using MALDI-TOF/TOF-MS and the

glycan compositions were analyzed from the MS data using Glycoworkbench.
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Fig. 2 N-glycan profiling of FFPE tissue sections
(a) Mass spectra of peritumoral (top) and tumor (bottom) tissues. (b) Number of N-glycan from 76 bladder tissue samples. (c) The distribution of
coefficient of variation (CV) of N-glycan peaks for peritumoral and tumor from three repeated experiments, with median of 26.81% and 22.40%,

respectively. (d)The PCA analysis of the effect of storage time.
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(60.53%) ASELSHIWOE HREILALEM, HAME 28  Ab, FTEIR 4 4 Al g aE 41 4 vh 8 B0 N- i
Pl (36.84%) N-FEHWEeEwE MR IR ILEM . X BEEEMONSOCAN T . IR gigthA 10F8 (N3H4F1S1,
P N-JEEEEE T S, B H SRS /EE S5 2H4IM N6H3F1, NS5H4F2, N7H4, N6HS5F1, N6H6.
Jifga 2 AR AR XTSRS b ey, MR 28Rl £ 4y N7H6F1, NSHSF1S2, N6H7F2, NSHOF1), #°4
SZ TR R R A A0 ) N-TE S D AR R SR B AR, B BUA SRR S B i ) N i %
% (Kl3a). Fos g girh e b 6o M 73 AL A 350 (N3H4S1. N9H3F1. N6HSF3),
PP N-E b G, BRICHIRG 2 20 63 FP N-EHbiieE SN A (ES3),

Table 2 76 N—glycan compositions and their putative structures identified in this study

N-glycan component  Calculated mass/u Detected mass/u Putative structures N-glycan type Peritumoral Tumor
N2H5 1579.783 1579.932 “‘qu High mannose N N
N3H3F1 1 590.799 1590.951 r'*/:]a Complex N N
N3H4 1 620.809 1 620.963 mmog| O Complex N N
N4H3 1661.836 1661.991 =gy Complex N N
N2H6 1783.882 1 784.047 “‘Q High mannose N N
N3H4F1 1794.898 1795.064 M}ﬂ Complex v N
N3H5 1 824.909 1825.077 luaq Hybrid J N
N4H3F1 1835.925 1 836.094 r'(:: Complex v N
N4H4 1865.936 1866.106 mmeg O Complex V N
N5H3 1906.962 1907.131 “‘\/:E Complex V N
N3H4F2 1 968.988 1 968.296 f"\’o}’ﬁ Complex J N
N3H4S1 1981.983 1981.916 H@{)w Complex Y /
N2H7 1987.982 1988.162 “‘Q}a High mannose N N
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Continued to Table 2

N-glycan component  Calculated mass/u Detected mass/u Putative structures N-glycan type Peritumoral Tumor

N3HSF1 1 998.998 1 999.034 :“(2 Hybrid V N
N3H6 2 029.009 2029.187 I—I—.(:c} mo Complex N N

N4H4F1 2040.025 2040.210 r‘@:]o Complex N v

N4H5 2070.035 2070.224 mme QRO Complex N N

NS5H3F1 2081.051 2081.240 ria(ﬁ Complex N N
N5H4 2 111.062 2 111.253 .ﬁ}o Complex v N

N6H3 2 152.088 2151.202 Hq Complex N N

|
N3H4F1S1 2156.072 2156211 f'f:am Complex / v

N3H5F2 2173.087 2172218 r“/\:.}ro Complex N N
N2H8 2192.230 2192282 ”‘Q]* High mannose J J

N3H6F1 2203.098 2203.334 T._(:(:}}o Complex N N
N4H4F2 2214.114 2213.281 T'K:EO Complex v N

N3H5G1 2216.093 2216264 II{:.} “BOO Complex J N

N4H4S1 2227.109 2227.299 mmegnl-oe Complex N N

N4H5F1 2244.125 2244331 r'm Complex N N
N5H4F1 2285.151 2285363 :*‘q>@ Complex N N
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Continued to Table 2

N-glycan component  Calculated mass/u Detected mass/u Putative structures N-glycan type Peritumoral Tumor

NGH3F1 2326.178 2326.558 rrxtﬁ Complex / N

N3H6S1 2390.182 2390.445 “‘(:::O‘ Hybrid N N
N2H9 2396.182 2396.399 ‘.‘*\‘\{:" High mannose N N

N4H4F1S1 2401.198 2401.635 r*::} -oe Complex N N
N4H5F2 2418214 2 418.607 r,{ég Complex v N
N4H5S1 2431.209 2431.426 mmeg g oo Complex N N

NSH4F2 2 459.240 2459.617 r-ézﬁ Complex / v

N4H5G1 2 461.220 2461.615 mme g o® Complex N N

NS5H4S1 2472.236 2 472.549 Emeg R m Complex N N

NSH5F1 2489251 2 489.464 r‘ﬁlo Complex v J

N5H6 2519.261 2519.477 H&{%} ) Complex N J
N3H6F1S1 2564.272 2563.822 T'K:c’ S« Complex N N
N4HS5F3 2592.303 2592.739 p«tﬁ]« Complex v N

N7H4 2601.314 2600.531 “‘(:EE Complex / v
N4H5F1S1 2 605.298 2605.512 W]* Complex v N

N4H6F2 2622313 2621.762 Hybrid v N
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Continued to Table 2

N-glycan component  Calculated mass/u Detected mass/u Putative structures N-glycan type Peritumoral Tumor
NSH4F3 2633.329 2633.522 r[.{é{g‘j Complex N v
N4HSF1G1 263530 2635721 rl(:ﬁ]@ Complex J J

N5H5F2 2 663.340 2 663.441 r.éi Complex N N
N5H5S1 2676.335 2676.043 "é:j* Complex N N

NS5H6F1 2693.351 2693.559 r-(:ig Complex N N

1
N6HS5F1 2734377 2 734.846 . G’ ®- Complex / N

NGH6 2764.388 2764.915 rnﬁg Complex / v
N4H5F2S1 2779.387 2778.770 r{ﬁ* Complex N J

N4H5S2 2792.383 2792.795 T D -0 Complex J V

NSH5F1S1 2850.424 2 850.824 rné:i]a Complex N N

NSH6F2 2 867.440 2866.817 :aaé%« Complex N N

NS5H6S1 2 880.435 2 880.832 “‘C\Eg]% Complex N N

N4HSF1S2 2966.472 2966.641 mEeggol Complex J J
N6H7 2968.487 2 968.850 f'm Complex N N

N4H5F1S1G1 2996.482 2996.713 nm @ Complex v N

N5H6F3 3041.529 3041.741 r@g Complex N N
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Continued to Table 2

N-glycan component  Calculated mass/u Detected mass/u Putative structures N-glycan type Peritumoral Tumor

NSH6F1S1 3054.524 3054.670 :i‘/:::'{;]a Complex N N

NOH3F1 3061.557 3062.263 FQE Complex v /

Y
N6HS5F3 3082.556 3082.036 r.‘\/:g);ﬂ Complex N /

NG6H7F1 3 142.577 3 142.695 r«@ Complex N N

|
N7H6F1 3183.603 3183.987 r@g Complex / v
N5SHSF1S2 3211.598 3211.986 ﬂ]%? Complex / N

N5H6S2 3241.609 3241.939 “‘Ci%l* Complex v N

NGH7F2 3316.666 3316.903 nm @
N5SH6F1S2 3415.698 3415207 r‘ﬁ%]* Complex v N

N6H7F1S1 3503.750 3503.679 rl @

N7HSF1 3591.803 3590.959 T'@}m Complex J N
N5H6S3 3 602.782 3 602.982 :'qg Complex Y N
N5H6F1S3 3776.872 3777.002 .{dg Complex J N

-O
NSHIF1 4041.029 4040.914 e d@.@ Complex / v
OO0
N6H7F1S3 4226.098 4225.668 r«@ Complex J J

Component: N(HexNAc), H(Hex), F(Fucose), S(Neu5Ac), G(Neu5Gc). /7, « ”, wy ) wyf” respectively indicate that the N-linked glycan has not

been detected, is detected in both peritumoral and tumor, only detected in peritumoral, and only detected in tumor.

< Complex / v

- Complex N N
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X 3 PO N-JE e, MRS b
e W R0 N- 2 S BB LR 55 L U H B M 2 N3 42
BEHEAIAS 42355 6.8%,  JiRg 2H 21 42 2 0 N- 14 4%
HEBE LR 52 H AU AR MR 5.7% (#13b) o X
STRTUN-JE LR DL — L T B, A el AL

RV Y75 92 1 ) N3 Bl i 2 S e K, AL B TR 5%
ML, ML R A B R 52 4% Y N- 2 F 0
SRR AFDNS 288 2% T AR YR TR A 1) 5 A R N- 1 4
Wi £ 09 A0 X F AR 7%, 20 R o 4Ry — 2
(K 3c).

(@ (b)
g.g P ; S == Peritumoral
: ¥ a8 ! we : Tumor 100F
> 020 . ¥ i : s == : Complex
= 0.1 . Y 2 =8 L . 1
2 Lo f S = : Hybrid
g S 75¢ 4
g =F3 == : High mannose
o5
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Fig.3 Relative abundance of N—glycans

(a) The relative intensity of 76 N-glycans in peritumoral and tumor tissues. (b) The relative abundance of the three N-glycan types in peritumoral and

tumor tissues. (c) The relative abundance of complex glycoforms in peritumoral and tumor tissues.
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Fig. 4 Significantly different N—glycans in bladder cancer
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In Situ Enzymatic Hydrolysis and Analysis of Bladder Cancer N—glycans Based
on FFPE Tissue Sections
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Abstract Objective To investigated the N-linked glycans in bladder cancer FFPE tissue sections, and explored
abnormal N-linked glycans modification in bladder cancer FFPE tumor tissues sections. Methods An
experimental procedure for in situ extraction of N-linked glycans based on FFPE tissue sections was developed.
FFPE tissue sections were digested by PNGase F and liberated N-linked glycans. Permethylation was performed
to modify the free end of the N-linked glycans. The relative intensity of N-linked glycans was detected by
MALDI-TOF/TOF-MS. Database matching was performed to determine possible glycoforms of N-linked glycans.
The accuracy of significantly different N-linked glycans as a predictive bladder cancer biomarker were predicted
by ROC analysis. Results The data of MALDI-TOF/TOF-MS detection of premethylation-modified N-linked
glycans showed that, in tumor and peritumoral FFPE tissue sections of 16 patients with bladder cancer, the
relative intensity of N-linked glycans N2H6, N2H7, N2HS8, N2H9 (high mannose) and N5SH6F1 (complex) were
increased significantly in the tumor tissues of bladder cancer. At the same time, N2H5 (high mannose), N3H5
(hybrid) and type N3H4, N4H4, NSH6F1S2 (complex) N-linked glycans were significantly decreased. ROC
analysis showed that the biantennary N-linked glycan N3H4 (4UC=0.90) and N4H4 (AUC= 0.91) were reliable in
distinguishing tumor and peritumoral tissue of bladder cancer patients separately or combined together, and these
N-linked glycans may become a potential biomarker for bladder cancer. Conclusion Abnormal N-glycosylation
of proteins in bladder cancer FFPE tumor tissue, N-linked glycans N3H4 and N4H4 may be potential biomarkers

of bladder cancer.
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