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Development of novel staining method to enable 3D pathological diagnosis.
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Although the utility of tissue clearing and three-dimensional imaging
techniques in clinical histopathology has been established, further methodological developments are
required for their use in clinical practice. We developed a novel periodic acid-FAM hydrazide
staining method (PAFhy stain), which is based on a principle similar to the classical PAS stain.
This method could be applied to 3D imaging with a tissue-clearing technique; it enabled clear and
detailed imaging of the 3D architecture of crypts in human colorectal mucosae. The 3D imaging also
revealed the 3D distributions of neutrophils in cryptitis and crypt abscesses in ulcerative colitis
tissues. Quantitative analysis of crypts based on 3D morphological changes enabled differential
diagnosis among ulcerative colitis, Crohn®s disease, and non-inflammatory bowel disease colitis.
Therefore, PAFhy staining and the 3D imaging with it are promising approaches for next-generation
experimental and clinical histopathology.



B X C—19, F—19—1 @)

1. WFZEBIAE Y D =

JRERALRRZ NI, TS OIS « (LI - EXB O, A DORIE - MM LORRE Lo Tz
AT A& MR R I A IEITAD Z & T, WERZWEE LW HEMOEMN I EIT-> T
W5, JRERRERRZ I ORE BT EE OIRE S ORTBICERERE DLV | ERICRIT D R&ZE & A
BTV D, FREMERZ NI, [EE%EY) Lo MiEAR %2 HE et TR LIERIL-A T
A RAFAERNTTONDN, EOREARERTTE « e FIEORTBRIZ DN T, 1870 FRIC
HE 03B SN TLRIZE A ESERNMZ N TE LT, -8 ANEEFITVD,
—FC, T, GRS RIS W TE BB A I LT A A — 2 ZHNN E
TELWRELZZT WD, R, AREEEZZRE L, SRTHICBIZET 25T Tk~
T LWREE, PSRRI N TE T Y . ZORETH DMIATEOE NEL AT %
HUMZ B SN A RBIEREL L O3 Rt A A —V > ZHIlFTh 5 CUBIC 1L, ~ 7 AR
Dliigs 2 ZEIE L 1 MlaffG R cols T 2l 2 cod v . AMICL RERER 258
HTW5 (Susaki EA, Ueda HR, et al. Cell. 2014 Apr ; Tainaka K, Ueda HR, et al. Cell. 2014
Nov), AHMFIZLY, ~ U RADlges - EH AT L2 BRLT A2 ENIEUOTREEE D, B
BAME U 72 B ano iR o o 7 & LSO BEMEESC T A o — MBI TR T 5 2 i
L0 KN ORREEHISEHIREE B 3B EOTF &, “1 MG E” O3RTA A—VE L
THGT 2 ZENAEEE o> T D, £ OHIIROE X % &SRB E N OMENICBIZET 20
Biix, EMFEE T TR EESBICLERBERE L7202 ERHIRIN TV DR, EED
BRI, R BE R IC B DN T I N A EE L ~VUICE TIGH L& T E 72070 < B
DEFARREIICH SND T2 DITIE, & R 5 HMIRMEN 72 S, FikimsEE s s 2 &R
MELEZ LN TS,

2. Lo HB

ARFFRIL, St A A —2 78t CUBIC % b MRERARRZ W 2 EBIsH+25 2 L 2
BIZAT DI, BRI, BRRIRERZITIC I T 5 PAS Ye a0 L 7 F L yutt b\ o T TRl ke tn”
WZEYET 5 X0 R e e e B2 B L, BUED 2 IR OFEN TIEEE LW X 5 Zeiglbr & ]
BEETDHRA ATV T REMNT DI 2T OTICE X ITo 72, HEEHIZHGE ORI
BT, FAM hydrazide &\ 9 #8067 v —7 bR 2 A GHE D 2 & C, PAS 4efh b A
&7 DYLAENRE R - O IR A BEICBAZE LT e, ZOFEEIG L, RIEMEIGRE R
(T DML Z N5 2 & AR B O B I E LTITo 72,

3. WD I

RIEVEBIR B OO E D Th HIBEMERBRICBWTIT., FREiE o7 i O FEE 23 2 WL o
FHWETROOE DL EINDD, RENPPIHOEMIZIZ, Y 2 RITTDAT A4 RH T A2
B DM DIEZWREE LN 37 Zen, HEEEDORE LA A=Yy ZEICB N
TIE, RO - ETORPARICHIE T 5 2 LR TRENTT-D, 2 EBEMERIGR O 5
WM EZ NI Uiz, BRMICIE, IEEMERIGREB L OXR & 72 % Crohn Ji, FEH CLiE
PERIGRARR 2 AR AERY ORIV L, 2hE 208, —FIZ3RITA A= 7
BTV, OB, EEOEAWEE ML T 2 2 L 2R ATz, b —HITOWTIE, EHELY
72 HET HE YD AT 4 R T AZERLL, WFEH 2 & EEOREZEIENS Z a2k L
72o SWITHIEIE D LEUG Lo EET — X ICHEZF% T 5 2 & CTERBMICZKI 21T 9 RERE
L. JRERZMIENERD FIEZ TRE CE 72 5 WIT2 B o8 LUWEEERIZ W T, B ITIE S
PERIGRINENDBIIN TE D K D220 GOV TRF LT,

4. WFFERE
(1) Yerihl A A — v TIEDOMNT

FHEEE X HREERF OB IV T, B MRIGHIEOEOIEHEE &2 W eat 7 e — 7 % Huy,
FAM hydrazide & W) 867 v —7 LRI TH D HIO KIEHRIZ L DAL A HWD Z & T,
PAS Yt L [AIRR DYt 2 R OB YN ATRE T D Z & ZBRIC R L Tz, PAS Jefalcks
Wi, BRI TH D HIO KIFIRICE W R EIcEENDa - UV aVERT LT E R
FL 720 | Schiff i#IZI NH 2/ L CT7 VT b REICHAT D, FAM hydrazide & [EA£IZ T L
TE REICHEAT D ETREAMEEZE LTV D EE X BTz, Z® FAM hydrazide % H\»
725 15% Periodic Acid- FAM hydrazide (PAFhy) stain &4 L7z,

WIZ., PAFhy stain & f#ERL/S ot A A — 0 7ETH D CUBIC #ilAGHE, 3 KT
B2 A A — 2 TIER B LTz, K0 4mm KU F TR Li=dA~ Y CEERE SR
FEREAR KR 2 FN T PAFhy stain 23 3 IRIGHIA A — 2 7RG FTHE TH 2 02DV TRt
L7, PAFhy stain X CUBIC I LB A —/Lb~ v NEGEICTRATTRETH Y . KIBHIEO 27



(T DRRHIAE, B, A R ER SRR IS
Yeth 3L, ZAUT KV RN IRRREYE
HE DO THEIA A=Y TT DL
DHRETH 7= (K1),

QVFBERRIRIED 3IRTA A— v 7

Wiz, BEEOEENZMICRs O CEE
LB PIEVERGIR B OO R FRARRR R A %
AW, f A= T 521727 (K2), 1%
T 72 RIEVERG IR T b B 15 KI5 2% o
DOk % PAFhy stain (2 CHE L, 20 - I S —
S i A B WD 1. PAFhy staining FIL Ve ARSI X — 22
RIEABIRE 2 £ 2 FlZ BNV T, BEEEo 3D-reconsiructed Merged Crypt

AT, T2 b bR MNICIRE T 2 i ER
&L RIEIZ X VAR ORER A LT
AT, (Goblet cell depletion) A3BAMEEIZ -
A=V I I ABBME R R
R 7, PEERREE O RICAE B L, [
CAEFNZ W TR RS ot AL s il X
. ZOFTRIZEW T, JEEICHUNEE 2
RS, 20 b OIREIXEEmA O T 5 &
VIR L PERIC L v R S h., A
ezt > T EHICHEFFERD 04 LT 2. PAFhy staining’z L EEBIEA A1 X — 520
BIENTMNoT,

-« Basal membrane

(3) 3RTTA A= v 7 & W=t DT REZE L. o & B2

Wi, B O 3 otk 2 JUEIZ, 2 IRTTHICITRZ W O B U W RIEVERGIR B O 2 AT RE I
2B IRONT DN TIRRET 21T o 7o, EBEERIBR., 7 v —9i, IEFFRMGER (RIBEMRIKICE
2 IEIEEEE) OFMAELE RN 20 H L, 2045 T PAFhy stain &\ /2 3 oL
A A= T HITU, D
F45 3 d ey HE Yeta, PAS , ; e —
WEDRAT A FHT A%/ L=, W e N
L. WFENSESNDATA V. - 9 ow B v
ZeEmar Lz (K3), {85 PoewBl] T ] gmn,
MR, 7 a— VI E W o Fﬁrsgﬁya]:zmeterswere defined:
T IR B O TR BRAR AR Z W I B - Sl (ool
TiE, BRERESHE EERE
JE &N o T2 REIU T L oo A I .

T P A D L e H3. MENBEEOREOHMESLOESRR

TRIRIER 72 IS X D RIENEWH TRVEFICBOTCELTLLZ ) W o T AAE LT, K
PRSI ZIER RO R & LS 27, BRI A N U 72 Wi BERREZ Wr 0 0> & 1 e
EZWNEHELWN ERERTH D, FE, BEERER, 7 e— 0, EFFRN%O HE %
B, PASYA AT A NH T A RERMiEICZI &S & 2 A, MEERBRD 58.6%, 7 12—
IR D 63.1% X FERF RIS &M S, I TE R D 31.0%, 7 12— 9i{D 26.3%IZD T
HIRERER CRMIN —E L2 o Tz, IBIEMERIGR OZEHCRB W TIE, BB distortion 288 5
ZEBRFIROOEDEENT WD, £ CTHFEEIX. BEORUNOREICER T EITLD
RO XD 7 2 WITHIZW D HIZEZW O LD —BEIC DWW T IEFER 2N ATRE & 72 5 D Tl
RN E W EN Tz, FIED 3 IRTTHIA A= 7G| BEMEKIBRICB O TRE
DRUNNBEL Ao, 2RO DOFRIZIZ e — Rl T RAONERZ ENgholz, Zhvbh i XL
D EBHNCEHET 572D, 3 RTRIENTIZE W T, Volume, Ellipticity, Tortuosity @ 3 /357 X
— X EER L BBEERER, 7 a— 0, EREMNBRICONTING OEFIEIE, E&b
%477z, Volume, Ellipticity, Tortuosity DWF LD /NT A —Z 2B T, HatFHIA BN
B 57z, Volume (2 DWW CTIITEBEMERIGR T 2 FIZHATHI L TE Y . Ellipticity (22
WTITEBERBRI LR v — W CIHERFRMBR IS TEOEK TRRD b,

Tortuosity (ZOWTITIEBIERIGR. 7 o — 0k, FERFRMGRDIEIZE D, [EOENED LI
T2o ETo. JREEDN “FERHREABR” LZM LEREORZHWESRAETY, [AEEICHE 2 A
BENMEONT-,

PLE, Frex 3@ bAl & st 2 At b TH#lY ik PAFhy stain #BA% L., ZOHH
Pea R Uiz, ARIEIT 3 WRoTmEMER2IC BT DRkl BT 2 A TiEH 0 | FpEme
e WRIRERE OB 727 T v bAR—L L0 ZDHHENTH D, BN KV EELS R,
oM LA IND T & T, FRmBEEN T A RN H 5,

£,
3

<£EHk> Nojima S, et al. Cell Mol Gastroenterol Hepatol. 2022;14(4):905-924.

- Mucous in goblet cells



9 9 0 2

Nojima Satoshi Kadoi Tokimu Suzuki Ayana Kato Chiharu Ishida Shoichi Kido Kansuke Fujita 36
Kazutoshi Okuno Yasushi Hirokawa Mitsuyoshi Terayama Kei Morii Eiichi
Deep Learning-Based Differential Diagnosis of Follicular Thyroid Tumors Using Histopathological 2023

Images

Modern Pathology

100296 100296

DOl
10.1016/j .modpat.2023.100296

Kido Kansuke Nojima Satoshi Motooka Daisuke Nomura Yusuke Kohara Masaharu Sato Kazuaki 260

Ohshima Kenji Tahara Shinichiro Kurashige Masako Umeda Daisuke Takashima Tsuyoshi Kiyokawa

Hiroki Ukon Koto Matsui Takahiro Okuzaki Daisuke Morii Eiichi

Ovarian high- grade serous carcinoma cells with low SMARCA4 expression and high SMARCA2 2023

expression contribute to platinum resistance

The Journal of Pathology 56 70
DOl

10.1002/path.6064

Nojima Satoshi 72

Class IV semaphorins in disease pathogenesis 2022

Pathology International 471 487
DOl

10.1111/pin.13270

Naito Maiko Nakanishi Yoshimitsu Motomura Yasutaka Takamatsu Hyota Koyama Shohei Nishide 5

Masayuki Naito Yujiro Ilzumi Mayuko Mizuno Yumiko Yamaguchi Yuta Nojima Satoshi Okuzaki

Daisuke Kumanogoh Atsushi

Semaphorin 6D-expressing mesenchymal cells regulate IL-10 production by ILC2s in the lung 2022

Life Science Alliance 1486

DOl
10.26508/1sa.202201486




Nojima Satoshi Ishida Shoichi Terayama Kei Matsumoto Katsuhiko Matsui Takahiro Tahara 14

Shinichiro Ohshima Kenji Kiyokawa Hiroki Kido Kansuke Ukon Koto Yoshida Shota Y. Mitani

Tomoki T. Doki Yuichiro Mizushima Tsunekazu Okuno Yasushi Susaki Etsuo A. Ueda Hiroki R.

Morii Eiichi

A Novel Three-Dimensional Imaging System Based on Polysaccharide Staining for Accurate 2022

Histopathological Diagnosis of Inflammatory Bowel Diseases

Cellular and Molecular Gastroenterology and Hepatology 905 924
DOl

10.1016/j . jcmgh.2022.07.001

Ohshima Kenji Oi Ryo Nojima Satoshi Morii Eiichi 256

Mitochondria govern histone acetylation in colorectal cancer 2021

The Journal of Pathology 164 173
DOl

10.1002/path.5818

Ohshima Kenji Oi Ryo Okuzaki Daisuke Motooka Daisuke Shinohara Masakazu Nojima Satoshi 125

Morii Eiichi

Mitochondrial matrix protein Cl4orfl59 attenuates colorectal cancer metastasis by suppressing 2021

Wnt/f -catenin signalling

British Journal of Cancer 1699 1711
DOl

10.1038/s41416-021-01582-9

Tahara Shinichiro Nojima Satoshi Ohshima Kenji Hori Yumiko Sato Kazuaki Kurashige Masako 10

Matsui Takahiro Okuzaki Daisuke Morii Eiichi

Nicotinamide N- methyltransferase is related to MELF pattern invasion in endometrioid carcinoma 2021

Cancer Medicine 8630 8640

DOl
10.1002/cam4 4359




Nojima Satoshi Terayama Kei Shimoura Saeko Hijiki Sachiko Nonomura Norio Morii Elichi 129
Okuno Yasushi Fujita Kazutoshi

A deep learning system to diagnose the malignant potential of urothelial carcinoma cells in 2021
cytology specimens

Cancer Cytopathology 984 995

DOl
10.1002/cncy . 22443

2 2 0

112
2023
113
2024

0

2

GCP21188 2022

GCP21188 2022







