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Background : Molecular tools for tissue profiling generally require collection of fresh frozen
tissues (FFT) as sources of high-quality DNA and RNA. Nowadays, researchers carry out
large-scale, multi-center studies and they request inter-institutional minimal intrinsic bias, some
fundamental similarities, and the same standardized and validated procedures. Methods : This
study reports standardized quality control procedure for fresh frozen tissue of the National
Biobank of Korea. Results : The main procedures for quality control for FFT are as follows:
H o 20004 79 79 records related to sample collection such as labeling of samples, transport temperature, lag
A EQl 20099119 24 time from excision of tissue to freezing, and sample size were reviewed for all fresh frozen
samples. The stability of RNA and DNA in fresh frozen tissue was evaluated for 3% of collect-
MUK} A W 2} ed samples and purity was assessed (ratio of the absorbance at 260 and 280 nm) as was
- 561-180 KA] 7 FekE 4k 2-20 | integrity (agarose gel electrophoresis). Stained hematoxylin and eosin sections were reviewed
3‘?}?]3” Bt by a pathologist to confirm the diagnosis and to assess how representative the frozen sample
I;i’j ggig;gg?ég was. Conclusions : We introduced that the quality-control criteria for fresh frozen tissue of the
E-mail: michung@chonbuk ackr NBK. We expect that this study contributes to standardization of collection, storage, and quali-
FupAld 3} WEol B ol o) 2 A] 144} ty control of fresh frozen tissue.
B =R 2 FE9 7104 = 3%, | Key Words : Fresh frozen; Tissues; Quality control

Alghuith T2 EAd mEt A8E dietAY A sste BF o] Az glom, B 7N AAALLAS At
©]8K(personalized medicine)< Pl A 3-8 oA 7 & Q3 Aok T FA7RA FF AAY o] 2Es)E
FES WS Z0E oSt UFs} Ars £4 e, 14 o] A gkow, 71#e] Aol ma theFe WO QAR
A5, 9E oFE, A o 5 oo Fof Ate] Z4A XgE S SR A, B P e tekeitt ol ko EE W
AEH, o] Aol mEt FHE d5da, IAFLS AE, A9l g8 A7 UESAE S drAEe] oY 7]4—4 AAS
3 AW YIRS AEd, o yoprt 3 589 AW §3 Rotq Ate FdsHA E 7ol w24, o] H ZHE
TR wl2] gobd & e dwelsez o] 87142l sty U FE oYY FHE X l Sl glofok shH, XP" 23 4
o M3t o AgTh webd W 9jgte) d4E PEode) A TARNA A A BE HRE AFFOZA A7 AF
I SE T, °14X4l AT 2 A% g 9 AA e FHE 3t AAE Aelsta A AsE 4] sk b =g F
oj$- Fosihal @ 4 otk olof gtk AFAllA Ao FH A HEE AT sl

QA AR o] < Zﬂf—_TEﬁ felet A(8y), 24, AE DNA A AL AAAE 3 BaAg T PHA U 5
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DNA, RNA M4 w7k $2% 249 DNAS RNA7}
e Bal Ao At Jre AS FAE A=AE Ht
al7] 9)sto|tl DNAS RNA9| oFgA

H7ke 1de] 23] Aldiste 0= Ho 9lom, #38 A
AxH T 3-5%E FASIE A%stel DNASH RNAS F
F A% 243 e 4% I DNASHRNA F52
Yol 2&E 7| AT ZREFZS WEAY, Y
extraction kitE AFEE= A4S AZALY ZRESS w2t}
A B A4 3559 DNAS RNA ZAE spectrophotome-
terg o]&3k] 260 nm, 280 nm NN SFFE(Am, Am)S
AT T, Aw/Ax|S] 3L 53 o]FoFITh WFLE Aw/
AwB|7F 18 odellA] 20 Alold 739 5, 16 oldellA 1.8
nekd 79 AR, 16 WY A RAY o2 AAsith
/9] H7= DNAL 79 agarose gel A7]Y9FolA F3
P IR METH BEAEEAE SR18, oo HAET A
FOo= WAYtE RNAS ¢4 agarose gel A719FWHH
bioanalyzerS ©]-&3F RNA integrity number (RIN) 3t &34
o F 7 W F shE Adste] Algdgith Agarose gel A
71995 Mol A= 28s, 18s ribosomal RNA ¥} S35 #2
wm, 2859k 18s M9 W7k 2:19 W 23O 7 BAIT) Bio-
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F& B2 AY A% AL AG AR AR eE, 24 wgold ¢E, T3 4 vl FA%oR A,
Az W, A7 AR B AAY g AR,
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+ EE Al dalA 7150] o]FAHEAE FAQsk, EE
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oA 2% 20| TE AL Tl o= A= A
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7150] $HASAE HEST oW 7158 A 93¢t o= gt
Table 1. Record of tissue collection, processing, and storage
Collection Processing Storage
Biobank - - — ! . : ficati Oth
number  Sample Timeof ~ Timeofexcision Methodof ~ Timeof Methodof ~Timeof Sizeof Number Verification of ers

type  arterial ligation by operator transport

freezing

freezing storage aliquots Of vials  repository
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Ad 3ol ol g HE BT FE 9 (Ut Ve % 24 2 I
o A4 F%e) Eg R(FAYAY TPEo) 94 grow
A, 2oHE TFY F50% mvrold FAT), 2H9 2 MECHStHR QUM A 282 MEaE| s
A AR (g 2ACE SAEA dow ), A A(HA
SetolE F AL 50% ool FA), AE 9 i AEdugd JdAAL YA 7] 71ed E2FE AR
FCAA STOIE F Holhe] o] 50% olgolW FAH), 2 Aol meh 24U e AEWE At e, 1
AW G 2 W ARsh e AdA g g A o 4 5 2 e AuEd AASH e FH ¢
(B A 247 Foluk AdIA ool Ao} Sz 715 BE s AL AHOE Hu
A A e T AR EA AR (FE AE A A (Table 1). 53], AAAZHAZ A 24714 Aele AIZH
A, 7ZH W g5 wks, 78 W Afrsh Al s (cellular % T A AE & AE M Wl 9IS E
metaplasia), AE 0|4 IR (]FY FA) A RAW Y GBS £ F0F AAZ JU 71Z0] BRY FRolh AL A A
%712t (Tables 2, 3). 2444 ¥4 &5 2 7152 = A A AIE Bt 158013 108 ol 70¢1(21.9%), 20% ©]
A A FAR BFEETY AARIME FEi W 225¢0(705%), 303 oIH& 22¢1(6.9%), 30+ o1 &8
Table 2. Checklist of fresh frozen tissue sampling accuracy
Biobank number Date
Sample type [[J Frozen tissue Pathologic diagnosis
[] Paraffin-embedded tissue
Sampling accuracy  Presence of tumor [JVYes Sampling accuracy ~ Presence of tumor [JYes
of the tumor tissue [ No of the normal [INo
[] Indeterminate [] Indeterminate
Presence of tumor % Stromal inflammation OYes
[INo
[] Indeterminate
Presence of contamination OVYes( %) Stromal fibrosis OYes
I No No
[] Indeterminate [] Indeterminate
Percent of necrosis OVYes( %) Metaplasia OYes
I No ONo
[] Indeterminate [] Indeterminate
Percent of ECM OYes( %) Dysplasia OYes
I No No
[] Indeterminate [] Indeterminate
Others (fibrosis, inflammation) Presence of contamination []Yes
[INo

Decision of sampling accuracy

Pathologist sign

[] Indeterminate
Others

ECM, extracellular mucin.

Table 3. A standard for judging fresh frozen tissue sampling accuracy

List Criteria of decision
Sampling accuracy of the frozen tumor tissue Percent of tumor Inadequate: tumor volume < 50%
Presence of contamination Inadequate: presence of contamination
Percent of necrosis Inadequate: necrosis volume > 50%
Percent of ECM Inadequate: ECM > 50%

Sampling accuracy of the frozen normal tissue

Stromal inflammation
Stromal fibrosis
Presence of tumor
Stromal inflammation
Stromal fibrosis
Cellular metaplasia
Cellular dysplasia

Record the percent of stromal inflammation
Record the percent of stromal fibrosis
Inadequate: presence of tumor

Record the percent of stromal inflammation
Record the percent of stromal fibrosis
Record the percent of metaplasia
Inadequate: presence of dysplasia

ECM, extracellular mucin.
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l 73 = 290(0.6%) $2H, 40% o1 228 A= fIATh
9 AZAe] 7|2 i F %‘—& FUE AEE Az
= O‘jq-z}oﬂyﬂ Age 5|PA &
A 7lﬁ AR EM Atk :LEM 9], 7+e] 4781 (lobec-

Jo] thak o] 8 gt obF o : é
°4:rL7l7P°ﬂ AEN G Y QALY o] da 227 715
= o|FolAA] ggkow, A= FL Y A B JHE
= e 9 7] A=A (lobectomy ), #, A F&9
ol dete] G AEAZEE 71531 ATk

AF S AHEY FEdA HEE PAE ofoladtA
of B4 SHNAR FAAEE, oy ofo]iutielE vy
doe golfFo] B 257 4°CE f4 ]E}Ei gt} el
e AAE SHEAE Ek’ﬂ T2 TAA g W

] ? = %EMI ?ﬂ%fﬂt}
Az 9] DNA, RNA ¢4 37He 8l DNA &

A4 F
22 A EAZZAS 15 mL microcentrifuge tubeol] ¥ &
QIAamp DNA mini kit (QIAGEN, Hilden, Germany) & A}

3193, RNA2] &2 RNeasy protect mini kit (QIAGEN)
£ ARSEsiTh P84 Hrke HE AAY oF 3% (94) ol A
A E =T, DAl o4 AAE 4 24, F Y 44,
¢t 34, Ht 14, FY 1914 tE & F2FH DNA 9 RNAY
A A BAS 98] 223} AH] el NanoDrop (Thermo Fisher
Scientific Inc,, Waltham, MA, USA)S A3l A/ AsH]
£ 24359tk DNA A% B9 39 9o BF Aw/AxH|7}
18 oo ® 9 WS WY, RNAS 7 8oollx] -,
Leoll A 2ot 43 Wokrh(Fig. 1A). ¢4 £4> DNA]
agarose gel 7|9 ollA 9¢ BT FEeh yEAF WYL &
Zelo] Aol A B Wrh(Fig. 1B). RNAS
agarose gel A7|GZo A& 9o A B+ 2859} 18s ribosomal
RNA W=7} #2591 01, 2859} 18s9] H]= 6alloll A oF 2:12
HEE A, 3o 2859} 18s WHEC] A7|7F H|Sste] 111
o 77 th(Fig. 1C). Eet F43 #gS w2 3¢ FY
39 O vialdllA] AAS Aleet Asf A% A4S Wit
AR FAZAG AFHES AEA B Ade TE 249
745 883%01A A3 IS WA, FFo] 50% IR FHARL
50% o1, AE 9 HYie] ko] 50% ofew FA Ay
S WE o) 247 9.0%, 12%, 12% ATHFig. 2). 2|3 A4
ZA A FAG B e o= Ut

B Exellent: Azso/Azeo: 1.8-2.0

B Adequate: Acso/Ac: 1.6-1.8
Inadequate: Aeso/Azo: < 1.6

DNA

RNA

0 2 4 6 8 10 (A
Vnu-udUHu“

|- A i

Fig. 1. Purity and integrity of fresh frozen specimen. (A) Purity of
DNA and RNA according to the ratio of the absorbances at 260
and 280 nm. All DNA samples are judged to be excellent. For
RNA, 8 cases are excellent and 1 case is adequate. (B,C) Analy-
sis of DNA and RNA integrity in fresh frozen samples using
agarose gel electrophoresis. DNA, clear high molecular bands
are observed (B). RNA, 28S and 18S ribosomal RNA bands are
shown (C).
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Fig. 2. An example of inadequate tissue sampling. Samples are less than 50% tumor components including an excessive portion of mus-
cle (A) or submucosa (B). The samples are inadequate because more than 50% is occupied by necrosis (C) or mucin material (D).
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DNAS} RNA, ©4E F5317] 98 AF7H4] 483 7
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= Aotk B ALl M E 4L 02 em® AR F
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"ok d@A AR A3, A Al Azh A W, A%
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717+ 5] RNASH DNA®] 443} o] glom, X4 24
E 34 $AAA -140°C ol3E Bashs Aol 71 olgE
o g AR itk 53] g5} 80Tl HAsit et AlE

=

APE 98] ApdEA] dera 4 A len, v T2
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RNAS| % A4 7§ BF A% #42 Witk DNAS) ¢
A e 19BN ol8HAL BF AY AL wetk
DNA¢®] A4S 7tshs ildlle 17195H el Southern
analysis, gene-specific polymerase chain reaction (PCR), mul-
tiple gene-specific PCR, randomly amplified polymorphic
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°] PCR3 A3 AEES 4+ § o] ATk £2k 7
o]l 9loiAl= o %4 DNA marker] ﬁtﬂ 5ol PCRe] g3
20| 3 l=Hl, PCRo 4 &5 Aol o A A<} Al
o] 37+& Zol7] Slal, AFE AA ] DNAZF PCR A §Hek7}
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v 22 9] skf- o5 RNase 849 FAT z}o] So] AL
of gltt AWslyl k" Palmar} Prediger's= rRNA 2] H|
7F GHEE oy Aol AMEE 4 9lom, rRNAHZF 10Kt
g o g &) g4 Aol AdeA AR Thsstta
3l Dumur 5 microarray 314 Bd £A4 dHH
T SJEAE RNA H7F 14 o)) A58 A AA=
e
A FAZRA Y AFRS AHd B2 AFHE BE oelA
ojFoA =, FAXHE FZ RNAY DNA, w1 -%
OJGE B AAdout FdA HHHE F o] AFFH
< 2 ke, 29 oleA 5 2% AAY A4 o°ﬂ
et J7HE AA ol Mol JEEA] Algstaiof itk oo T
FEzE e A $AXRAE AR T AHTE 24 2
Hoke W] 2 (mirror image) & I} OE Frjsle] E2t
o|ltE WHEY, FHN Ao HFsle] AHE Hrleith &
AedellA Al A AEAd B A% TF 249
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S w2 Ao 7k} 90%, 12%, 12% ek et A 27
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\ Ink
Fig. 3. (A) After sampling, mirror image tissues are obtained for the
paraffin block section. (B) A hematoxylin-eosin stained section of

a tumor specimen. Tumor tissue sections are cut into 5 mm slices
in a regular sequence starting from the side of smeared with ink.



Quality Control for Fresh Frozen Tissue

WL ASHOT WES Polshs YU =3k 7 vialo]
= FAZAY AL A3 BT 4 A2 A0E 47

g AEe QA Bge 59X
oetedT Bl Zlojeil 2 Zlow AzEd webs A <)
TR 2 B HAS A ZEstl o A Fol 2AE 5
of Are 71Eete AL FF AT ZAE ANske W 2
7)) e BUE Aot e Ad S st A5
st JAALEgAME B A BeA AEddgE
At flom, A dAdME A AL 2 U, A
B2, A4 271 5o AR N15S sl Jok 3 A

Ao A H7HE S8 AFE FAXZAS 3%014 DNAS
RNAQ] =% (Ax/Am]) 9 A B4 (agarose gel A719%)
S Adsta loH, #3E FAxAY] A4 #AHE SlEiA
e AA QA gl sAXAS AF B9l DS
(mirror image) 3= i%‘ o2 g £55 Ay, o
[ex]
3

143te] empEae-ol 444 B4

&

[ o
o P

32
2o

1. Choi C. Development of standard operation manual for national
biobank of Korea. Report No. 2008-E00353-00. Seoul: Korea Centers
for Disease Control and Prevention, 2008.

2. Mager SR, Oomen MH, Morente MM, et al. Standard operating pro-
cedure for the collection of fresh frozen tissue samples. Eur ] Can-
cer 2007; 43: 828-34.

3. Mishra A, Pandey A, Shaw R. Initiating tumor banking for transla-

tional research: MD Anderson and Liverpool experience. Indian |

301

Cancer 2007; 44: 17-24.

4. Dash A, Maine IP, Varambally S, Shen R, Chinnaiyan AM, Rubin MA.
Changes in differential gene expression because of warm ischemia
time of radical prostatectomy specimens. Am ] Pathol 2002; 161:
1743-8.

5. Micke P, Ohshima M, Tahmasebpoor S, et al. Biobanking of fresh
frozen tissue: RNA is stable in nonfixed surgical specimens. Lab
Invest 2006; 86: 202-11.

6. Muyal JP, Muyal V, Kaistha BP, Seifart C, Fehrenbach H. Systematic
comparison of RNA extraction techniques from frozen and fresh lung
tissues: checkpoint towards gene expression studies. Diagn Pathol
2009; 4: 9.

7. Palmar M, Prediger E. Assessing RNA quality. Austin: Applied Bio-
systems; 2003 [cited 2004 Jan 1]. Available from: http:// www.
ambion. com/techlib/tn/111/8.

8. Srinivasan M, Sedmak D, Jewell S. Effect of fixatives and tissue pro-
cessing on the content and integrity of nucleic acids. Am J Pathol
2002; 161: 1961-71.

9. International Society for Biological and Environmental Repositories
(ISBER). Best practices for repositories I: collection, storage, and
retrieval of human biological materials for research. Cell Preserv
Technol 2005; 3: 5-48.

10. Siwoski A, Ishkanian A, Garnis C, Zhang L, Rosin M, Lam WL. An
efficient method for the assessment of DNA quality of archival micro-
dissected specimens. Mod Pathol 2002; 15: 889-92.

11. Fleige S, Pfaffl MW. RNA integrity and the effect on the real-time
qRT-PCR performance. Mol Aspects Med 2006; 27: 126-39.

12. Dumur CI, Nasim S, Best AM, et al. Evaluation of quality-control
criteria for microarray gene expression analysis. Clin Chem 2004;
50: 1994-2002.



