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Frozen section histopathology and preanalytical factors
affecting nucleic acid integrity in biobanked fresh-frozen
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Lee

‘Department of Pathology, Seaul Natienal University Hospital, Seoul National University College of Medicine, Seoul, Korea

‘Cancer Research Institute, Seoul Mational University College of Medicine, Seoul, Korea

Background: In this study, we evaluated the effects of storage duration and ischemic time on nudeic acd quality of fresh-frozen tissue (FFT)

from colon adenocarcinoma (COAD], hepatocellular carcinoma (HCC), and renal cell carcinoma (RCC) ©
Mational University Hospital. Methods: A total of 102 FFT samples were analyzed to compare DNA
number (RIN) according to storage duration and ischemic time. Additionally, the effects of histopatho

ollected at the Cancer Tissue Bank of Seoul
integrity number (CIN) and RNA integrity
logic features—such as tumor cell propaor-

tion, inflammatory cell infiltration, and stromal fibrosis—on nucleic acid quality were evaluated. Results: DIN and RIM remained stable overall
even though the storage duration increased, with no statistically significant differences observed. In particular, there was almost no decrease in
RMA quality in HCC and RCC samples, but in COAD samples, RIN tended to decrease slightly as the storage duration increased. Mo significant dif-
ference was confirmed between ischemic time and nucleic acid quality, but in COAD tissue, RNA guality variability tended to increase as the

ischemic time increased. Furthermore, RIM increased as the tumor cell proportion increased, whereas

inflammatory cell infilktration and extracel-

lular mucin pool were identified as independent negative predictors of RIN. Conclusions: This study confirmed that nudeic acid integrity can be
maintained even during long-term storage of FFT and demonstrated that histologic features are closely related to RNA quality. This study would

contribute to the establishment of quality assessment and management standards for biobank FFT sa

Keywords: Biological specimen banks; Tissue preservation; RNA stability; Cryopreservation; Pathology
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2%

FE Eq A%

a. Colon and Rectum

Adenocarcinoma
2,254 case

100% _m— (T) 5,433 vials
(N) 5,742 vials
Colon Nueroendocrine carcinoma
6 case
(T) 16 vials
(N) 16 vials
0%
- Mucinous 108 case
Signet ring cell 15 case
Serrated 7 case
b. Stomach

B Gastric carcinoma

445 case
(T) 1,027 vials
(N) 1,061 vials

M Gatrointestinal stromal

tumor

21 case
(T) 45 vials
(N) 5 vials

| Adenocarcinoma of

Stomach

esophagogastric junction
24 case

(T) 72 vials

(N) 67 vials

C. Breast

Invasive ductal

o) .
96% carcinoma

407 case

(T) 482 vials
Breast

Invasive lobular

carcinoma
4%

18 case
(T) 20 vials

T stage | Tumor vial/ Case | N stage | Tumor vial/ Case
Pl 77/ 52 PNO 2,760/ 1,234
pT2 552/ 279 PN1 1,795/ 886
pT3 3,914/ 1,754 PN?2 820/ 399
pT4 842/ 439

Total 5,385/ 2,524 Total 5,381/ 2,519
Tumor vial/ Case

Neoadjuvant treatment 37/ 22

Recurrent cancer 11/ 5

T stage Tumor vial/ Case| N stage Tumor vial/ Case
pT1 49/ 25 pNO 266/ 118
pT2 178/ 87 PN1 208/ 85
pT3 484/ 187 PNZ2 235/ 105
pT4 410/ 184 PN3 394/ 165

Total 1,121/ 438 Total 1,103/ 473

Tumor vial/ Case

Neoadjuvant treatment

d. Nervous system

25/ 10

Glioblastoma

22%

432 case

(T) 1,538 vials

Nervous
System 22%

56%

Meningioma

168 case
(T) 282 vials

Astrocytoma

. 166 case
T (T) 539 vials




e. Pancreas

Pancreas

12%

31%

f. Liver

Meta ADC from*
Colon
Pancreatico-biliary

Ovary
Stomach
Breast
Lung
Etc.

INVASIVE CARCINOMA

2271 case
5 case
3 case
1 case
1 case
1 case
2 case

CANCER TISSUE BANK

Ductal adenocarcinoma
873 case

(T) 1,618 vials

(N) 567 vials

Neuroendocrine tumor
189 case

(T) 411 vials

(N) 157 vials

Intraductal papillary

mucinous neoplasm

472 case
(T) 703 vials
(N) 403 vials

MINEN [/ case

assoclated 196 cace

i Hepatocellular carcinoma

1,240 case
(T) 3,166 vials
(N) 3,935 vials

M Intrahepatic

cholangiocarcinoma

203 case
(T) 793 vials
(N) 775 wvials

1 Combined hepatocellular

and Cholangiocarcinoma

12 case
(T) 288 vials
(N) 292 vials

_| Metastatic

adenocarcinoma

234 case
(T) 864 vials
(N) 863 vials

_I Normal hepatic

parenchyma

328 case
(T) O vials
(N) 364 vials

T stage Tumor vial/ Case| N stage Tumor vial/ Case
pT1 380/241 PNO 1,244/675
pT2 971/498 PN1 986/440
pT3 992/393 PN2 246/108
pT4 28/9

Total 2,371/ 1,141 Total 2,476/1,223

Tumor vial/ Case

Neoadjuvant treatment
Recurrent cancer

= Hepatocellular carcinoma

402/ 300
20/ 10

T stage Tumor vial/ Case| N stage Tumor vial/ Case
pT 1,374/543 pNO 273/140
pT2 1,413/522 PN 15/7
pT3 156/58
pT4 137/45

Total 3,080/1,168 Total 288/147

Tumor vial/ Case

Neoadjuvant treatment

Recurrent cancer

23/ 16
4/ 2

* Intrahepatic cholangiocarcinoma

T stage Tumor vial/ Case| N stage Tumor vial/ Case
pT1 292/77 PNO 240/60
pT2 342/87 PN1 127/31
pT3 184/46
pT4 30/8

Total 848/218 Total 367/ 91
Tumor vial/ Case

Neoadjuvant treatment 20/ 4

Recurrent cancer 13/ 3
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a. Molecular ITEMs b. Immunohistochemistry ITEMs : HER-2
BRAF 0 1 2 3
MSI-H 1 K-RAS 1 N-RAS | y600E EBV (negative) | (negative) | (equivocal) | (positive)
Colon |360/2,537885/2254| 7/184 2/25 Stomach 201/453 104/453 99/453 49/453
Stomach| 90/459 27/375 Breast 116/448 236/448 48/448 48/448
(& A/ AAF A A= (B3} A=/ A A =)

= MSI (Microsatellite Instability)

DNA =7 A|&H Q| O] 22 Tddte UM =AES2E

T2 S, AY SoM ZALN o= IXO|X}, B AKX
A &s o= X2 AHSE LM FEH2H0M 2750

RE HEY BH S 13%, ¢ BH S 18%, 7t MSI-H tumor
e LT

» K-RAS, N-RAS
RAS/MAPK Az FEL
AMAH K=z 20r7F HL| BlO X[=

S OF St= HrO|20F7A RiL|LCt. %*E’%'%éﬁ B 88 & 32%7t

KRAS HO|E 0.3%7} NRAS HO]

& L CF.

» BRAF V600E

MAPK B 20| ?|/X|3t BRAF ™ Ate| £ B O|(V600E)Z, 0| =

=2 IXIO|XE, # AKX 2H HhS X 72 SEELCEL 22

O™ EF5tD U= EY dX &5 0.07%7F HO|E 410 U=
L{CF.

Aoz Tt

It

= EBV (Epstein-Barr Virus)

EBVY & Y2 CFE Ofdllt= CHE ZAMY, HEa Y E4=

X, Y AX = 7tsd 70| s LCH

M At2| £ 2 (in situ hybridization) AALES Soll HW7tsSHH,
o

O -

of =2 0O
oty 25 U

UXTR2HYA EQSID /= Y EXN = 5%7F EBY &
o2 mpetE LT}

= HER-2 (Human Epidermal Growth Factor Receptor 2)

M Z2H0f| EXotE SE X =8N =2, M= 8 & =210
Sa%t 92 StL|CH HER2 At S E[AHLE THEI A O
VPRI 2O Ml S SRS CH SR 2HAM EF7
ot QU= /Y AN T 10%, 7Y ZA9| 10%0|A] HER2
da ad=s EYLC

c. NGS

NGS

Nervous system 473/ 1,170

* NGS (Next Generation Sequencing)

2At Als = 08 7848 BHO[= o o 4ot 15 &7

— — 1
ME ZHELE & UM 2410 8% (=0 HHNHo = 28
S L|LE oY A 25 ERoty %lE 7:1*1\% A 2HO

Nervous System 2! & 40%E X
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[8=] The biospecimens for this study were provided by the
Seoul National University Hospital Biobank. All samples
derived from the Cancer Tissue Bank of SNUH were
obtained with informed consent under institutional

review board approved protocols.
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2025/11/19 MEFV dysfunction Promotes Hepatocellular Carcinoma Progression vi ILCA 2025
a Inflammasome Activation Annual Conference
Enhanced Microbial and Functional Profiling of Gastric Cancer via
2025/039/25 Shotgun Metagenomic Sequencing KINGCA WEEK 2025
MSN/STAT3 drives cancer stemness and chemoresistance via
2025/01/22 IL-6/LPAR1 ligand receptor complex in triple-negative breast cancer Breast Cancer Research 6.1
Microbial Dynamics Across Molecular Subtypes and Prognostic Cancer Research and
2025/07/17 | . .- o . 41
Significance of Lactobacillus in Gastric Cancer Treatment
2025/03/12 | SNUH methylation classifier for CNS tumors Clinical Epigenetics 4.8
I\/Iultiomic. quantifi;a’;ion of the .KRAS mutation dosage improves t.he Experimental & Molecular
2025/01/08 | preoperative prediction of survival and recurrence in patients with o 05
pancreatic ductal adenocarcinoma Medicine
Prediction of the 3D cancer genome from whole-genome sequencing .
2024/09/25 using InfoHiC Molecular systems biology 8.5
2024/09/12 Multi-feature cgll free DNA analysis and ensemble machine learning CSMO
for early detection of cancer
i i~ ati _ Experimental & Molecular
2024/08/01 Comprehenswe molecular characterization of TFE3-rearranged renal P 95
cell carcinoma Medicine
Defining and tracing subtypes of patient-derived xenograft models in L
2024/07/10 pancreatic ductal adenocarcinoma Cancer communications 20.1
Comparison of Breast Fine-Needle Aspiration Cytology and Tissue
2024/05/31 | Sampling for High-Throughput Proteomic Analysis and Cancer Pathobiology 3.5
Biomarker Detection
Proteomic landscaping of high-grade serous ovarian carcinoma | clinical and Translational
2024/05/08 | identifies stearoyl-CoA desaturase 5 as potential predictive biomarker o 7.9
for poly(ADP-ribose) polymerase inhibitor response Medicine
Tailored chemotherapy: Innovative deep-learning model customizing | Clinical and Translational
2024/04/23 . . . 7.9
chemotherapy for high-grade serous ovarian carcinoma Medicine
PANCDR: precise medicine prediction using an adversarial network .. .
2024/03/14 for cancer drug response Bioinformatics 4.4
2023/11/15 Mlcrqblota character!stlcs corrglatg with the microenvironment of AACR-KCA
gastric cancer and paired gastritis tissues
Prognostic significance of L1ICAM expression in addition to ProMisE .
2023/05/24 - andometrial cancer Gynecologic Oncology 4.5
Proteogenomic  landscape  of  human  pancreatic  ductal
2022/12/22 | adenocarcinoma In an Asian population reveals tumor cell-enriched Nature cancer 235
and immune-rich subtypes
NTRK oncogenic fusions are exclusively associated with the serrated
2021/08/17 | neoplasia pathway In the colorectum and begin to occur In sessile Journal of Pathology 56

serrated lesions
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= KFRI=Z! 31,8404 (119,659vials)
= XZH 1671 9| F
ZHerE el Ci&e = 2|, EHe|dy, Bl xofstar Aol
20t 1}, A0 A EM, A7\ LjL}f, =27 | L), A1 8 1)
MAU D A EHAF R 1) a2ty A el o2}
14.000 case vials
/7,000
0
OO O mM ANl N < IND O N 00O OO0 —mMaAaN N < O
O T AN AN AN AN AN A
OOOOOOOOOOOOOOOON
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@\

S ELEEELLT

Colon Adenocarcinoma, Neuroendocrine carcinoma

Stomach Gastric carcinoma, Adenocarcinoma of
esophagus junction, Gastrointestinal stromal tumor

Liver Hepatocellular carcinoma, Intrahepatic
cholangiocarcinoma, Combined hepatocellular and
cholangiocarcinoma, Normal hepatic parenchyma, Metastatic
adenocarcinoma

Pancreas Ductal adenocarcinoma, Intraductal papillary
mucinous neoplasm, Neuroendocrine carcinoma

Brain Glioblastoma, Astrocytoma, Meningioma
Breast Invasive ducal carcinoma, Invasive lobular carcinoma

Kidney Renal cell carcinoma, Papillary urothelial carcinoma,
Angiomyolipoma, Oncocytoma, Invasive urothelial carcinoma

Ureter Papillary urothelial carcinoma, Invasive urothelial
carcinoma

Urinary bladder Papillary urothelial carcinoma, Invasive
urothelial carcinoma, Urothelial carcinoma in situ

NE O 11 o) K, O
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2,000
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1,000
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0
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Prostate Acinar adenocarcinoma, Mixed ductal and acinar
adenocarcinoma

Ovary Serous carcinoma, Clear cell carcinoma,
Endometrioid carcinoma, Mucinous carcinoma, Metastatic
carcinoma

Endometrium(Uterus) Endometrioid carcinoma,
Serous carcinoma, Clear cell carcinoma, Mucinous carcinoma

Uterine cervix Invasive squamous cell carcinoma,
Adenocarcinoma

Placenta Umbilical cord, Membrane, Amnion/Chorion
plate

Skin Basal cell carcinoma, Squamous cell carcinoma, Bowen
disease, Melanoma iIn situ/ Malignant melanoma

Thymus Thymoma, Thymic squamous cell carcinoma,
Mature cystic teratoma, Thymic hyperplasia

Heart Aorta, Aortic valve, etc.

Pediatirc disease Hirschprung disease, Blastoma,

Teratoma, Choledochal cyst, Thyroglossal duct cyst,
Lymphangioma
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