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Abstract

Traditional pancreatic pathological diagnosis relies on formalin-fixed paraffin-embedded (FFPE)
staining techniques, which, despite their high diagnostic value, are cumbersome and cause some
damage to tissue samples. To overcome these limitations, this study proposes a virtual staining
method based on stimulated Raman scattering (SRS) microscopy and CycleGAN models for simulat-
ing FFPE staining of endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) tissue samples.
By utilizing SRS imaging to acquire high-resolution cellular images of pancreatic tissue, and apply-
ing CycleGAN models for Weakly supervised learning, we successfully generate virtual staining im-
ages that closely resemble traditional FFPE-stained images. Experimental results show that the vir-
tual staining images are highly similar to the FFPE images in terms of tissue structure and patholog-
ical features, while preserving fine detail. This validates the potential of this method for rapid pan-
creatic tissue diagnosis. Compared to traditional staining methods, this technology offers the ad-
vantages of being non-invasive, efficient, and cost- and time-saving. This study provides a new ap-
proach for the application of deep learning-based virtual staining in pancreatic pathological diag-
nosis, and holds significant value for similar research on other biological tissues.
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Figure 1. SRS energy diagram and energy transfer process
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Figure 2. SRS Microscopy System
& 2. SRS B A%

3. CycleGAN [

ARAE B AT EF ARG S AG IR R BRA EZAEH . SR, A& G0 B 2% S b —— 4 IR Sk [
S FIUA I 0 38 (FFPE) Y (VA RER 1K, TR IS 36 /NI, AN@EH T AR PUEIZ . BARIKIE IR Y iy
RERS NP B, (BT IR, P/ QS5 R ERR . T4k, N THEIE
HARE BB SO AR 561 280 oKk T S a8k, 0 IR e B AR A e T L 40 G (AT
77 O 2 W Fidk e8] Horh, ISR B AR IR FE S SR, BRENE OAR L R A B R
PRIEER I BB H R gt B X —HAR By B A AT A H&E B
g R A R G B EBUE . MRS ITVE, RMEARAE & TR R GRS HE, R hL it
2 [ SRS SR B SE MIRRE, AL A R Wi 581 1S .

CycleGAN & —Fifi 5k - A5 o701 25 (GANY) 1 5 B2 R BB [9], Re % (£ o oo 25080 1 2% A R
5 ST VR B 3 T R B O FR[10] o HoAZ U B AR FH AR Bl 88 AT I ) 306 ] B, e I A B — B
2% (cycle-consistency loss)ffi 2k i 45 JR 5 R B3 NI — 20t . b4k, X$Hidi 2k (adversarial loss)# FH ok 1
AR RS, A 5 H AR B S — B

TEAFTEH, FATHET CycleGAN B F —FhIEXTFR B I RESL gL (00735 . BT S, fi A SRS
FIR 285 A8 s Wi B A I )R () H&E B i U, T s e WS DUV A i B, O A RS Rl 40 % . 485 SRAE
MG REE B RS H&E BB . R R, PR 99 0B % 21 5kms, R SRS EIME IR 5%
R AL H&E FBAE RIS, NI SEILPS S 4 . X Fh 7 EEAML R DR BE 41 23 45 1) R0 240 iy
Ik, EPEE T MG R AR I, AR RS R O ISR BRI TT %
3.1. CycleGAN BiE#0 L B8

CycleGAN & — i H T~ MG 21 G 2 4 (1) A6 Rt B0 X 48 (GAN) o ' (1A% 0o JERRR AE AN 75 X BT 0 2 4im
(AN, I B R NG IR — B R, SR FhAS [F) B 3 (B RIS . CycleGAN HIRAN F 2 H
A2 A B 22 R 08 L (S ) R N 55 i 2 R A — B (T I ) o

CycleGAN HFEIEAAL & DL 2% bR 24 :

DOI: 10.12677/m0s.2025.141045 486 e RSE TR


https://doi.org/10.12677/mos.2025.141045

L

1) WPiisk: APiink H T IIZRAE R G FHIEE Do AL Ras G R iIE X B s 2 B AR Y,
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Figure 3. Comparison of virtual staining and paraffin-embedded staining
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