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Pathological tissue fixation using formalin has been widely used for histological samples in many hospitals and institutions.
In general, formalin fixatives were either manufactured in laboratories or purchased commercially because of the risks
and environmental concerns of handling organic compounds. In this study, the efficacy of three kinds of commercially
purchased and one laboratory-made formalin fixative was compared in the PCR-based molecular diagnosis using the
extracted DNA from formalin-fixed paraffin-embedded (FFPE) tissues. The quality of extracted DNA from FFPE tonsil
tissues with four kinds of formalin solutions was evaluated, and PCR for beta-globin gene and microsatellite instabilities
(MSI) tests for pentaplex panel markers were performed using the extracted DNA. There was no difference in PCR and
MSI tests as molecular diagnoses regardless of the types of formalin used in this study. However, the total amount and
average length of double-stranded DNA extracted from FFPE tonsil tissue showed significant differences according to
the type of formalin fixative. Optimized formalin fixatives and methods for DNA extraction might be sophisticated to
extract good quality DNA from the small size of specific tissue samples. Further studies are needed to select the most
effective formalin fixative for histology and molecular pathology using human FFPE tissues.

Key Words: Formalin, Formalin-fixed paraffin embedded (FFPE) tissues, Histology, Molecular diagnosis, DNA extraction,
Polymerase chain reaction (PCR), microsatellite instabilities (MSI) tests
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(Bass et al., 2014). 3
HAS AIsla HE 722 BESE )t 958t
(Peter et al, 2014). A|E 722 FA|517] & 3kl =
o] 114 FAHE B8 MEY 22 S v adE BE
skl BE ad oyt it IS SAAA

W 3K(post-fixation change)E A 3}slojof 3t} F 2|9
aA B A e 24 Als 6] o] b
F Fash Fi Fo] SR Aol zidellA] FEek 4
= AlEshs g $23F 29lojt) Eebddt 14 (under
fixation)> %219] FE|A B Fo] o]Fojx|A] o}
Z2A0] A3lst Belo] BrFssld 4 AL, Halg(over-
fixation)> 574 22 ®Alo] A2 L= H|So|4 wjg 4l
9] o] Z(noise) o= FEE 4 UTHlee, 2011; Zeng et
al, 2013). oAl 3172 Aoy Mo G, FEY
AAE = 2UR FHEa AE U9l 54 x5
o] A& WA & e Welojof sh, x4 3l
“J(antigenicity) S U= TLHHE FASHAY o] HAS
Haslsh 224 U S0 ditolvt AmE-S WAshk=
71 0| tH(Spector and Goldman, 2005; Qin et al., 2021).

Zfoll Z2eHA Algel xEweog 1A% (formalin-
fixed paraffin-embedded, FFPE) =204 2] DNA F53} o]
£ o] &3 e EArEey] Ak A ofye) o
ozt At 7] 4 E -4 (next generation sequencing,
NGS) AL} 2ol AR o5 2 T4 7S Y3t Ak
o% #8531 QH(Norouzi et al., 2021; McDonough et al.,
2019; Fujii et al., 2022). webA], 22844 W] Alss O
g zleke] Ao A5 H dF, o5, 34 ARTHA
9 2 e golx gk BA Wl ae4s
320]7] 918Xz FFPE ZAollA 1155 ] DNA F&°]
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yadd g o] A8 HAatel AR HAL
Al g&Adel oIk Bl P A7 Bagh gsteltt

B AGE A s AR A A Alze
gy uAN o AseA EAS vlastal 24
A #9224 el Ae] 1 58S Wk A
S EAHow Hgsgith v xadwse] pHE 54
slal 2143k FFPE 2] A4 DNAS FE3l] 5%

N

o} A(quality)S W&}, FE35 DNAS ©]-83}9] beta-
globin 7t gk 5 =,

(cancer)®] Kol ARE-E&= @R 4R B2 A (micro-
satellite instability, MSI) FAAE AAste] 1 A¥E ER1s}
ATt

5t =222 317 A (laboratory-made
formalin, LmF)<> formaldehyde solution, 35% ¢ ¥ =2
AE)Assha dut SHTE 1.9 (10%)2 343 &
=2ddo|glon, Al X2 aA N (FHH|EFr
10% neutral buffered formalin (Mirax neutral buffered formalin,
MiN), SItjxZ2~9] ¥ EUH 3] =MD Force formaldehyde,
MdF), (F)&=aol IR A Ze] =W (Korea CFC
chemical formalin, KoF) 52 AH&-3}3iTh

e S A9 dE Y SRl
5 SMC 2019-07-135-002) ol Alsakgl om, Az

ol A NFH T 3702) A (tonsil) F2S AHR-EFITE

A
(=]

a

s E2U2 DYUEO| pH

e

09
roh

Ct

N

fo 4
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compact S210 “JH] & ©]-8-3}4] 103] W3l S48}
1 HPHE ofjel
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Cal 1°] YehH 4ls7t F4¥ 5 B READES
5 wlg] Ael® END Point F=of whe} vjE] ]
5 % calibrations EQlsk & AN E S
9 % READE =] 5745 A28kl END Point
o] ZratARH SAo] XaAx WES SAgko] B
Al o] 5 HEE kg 7)ol wet S0 b

QMg ololzo] HAE ¥ HF ZAYS AAsh
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KoF) & & 12~18)\]
Apah= Apgo A 24 "}o]’] i) Sl
systems (Wetzlar, Germany)<] Peloris Quick Tips ZH|E A}
&sto] st w<F Xdsil o stepdo] MFH 7
Z#) -2 Thermo Fisher Scientific Inc. (Waltham, MA, USA)2]
2 vl FA|Ql Histostar FH| & AFE3lo] st &
&l et 255 ARSI AlztE S BE2
Thermo Fisher Scientific Inc. (Waltham, MA, USA)2] Finesse
ME+ B 7| & o]&3t] 3~4 um®] 7= 2 5 Muto
Pure Chemicals (Tokyo, Japan)A}2] 2] &&lo]=ol w2}l
ARS FAESITh

%ﬂﬂr. =5< A
1 E -
FALAS

Leica Bio-

2|8t hematoxylin & eosin Al

Hematoxylin & eosin (H&E) G4 228} A|qollA] o
WA o % ARg-Eh= cg/g‘qm © = FnhE2 Y (hematoxylin)
I ol @ A(eosin)®] S+ FRE o]gste] Al It AlE
A& et aEd 9/1‘:}.
&ato] 4 um FAE vpehd 224 A9
= AArerelom, O]E Roche Diagnostics (USA)®| Ventana
HE 600 ¥417]5 AH8-eto] H&E A4S it A
ZHE 5, @79 HA o] Ventana HE600 &
Ho A 2s oz g Jol] o] Fo|#]7] wiigel] 4] I
A EEfelE o] 5 ARk HAA7]AL 7]E9] HEE A
< Dip & Dunk' WA o2 2] 22 AZS A4517] 1

of Mzt AE Haskelrh ¢S AU (xylene)

=
RL
2 AgeA 23 GARAL ook A4l 94 )
=

AeHY We|gol A ARE-skal %1+ Qiagen DNA FFPE
Tissue kit (Qiagen, Hilden, Germany)& A}&-3}o] Zbzhe] 11
golle] W Tt 555 5 um FAE 4~8749] dd
& AFkaL A7 dx § 420 AE FE W
O;llﬂr 2} - proteinase K 20 pL, ATL buffer 180 uL&
3L, 56C 2 FxA 12~15A1%F AEstaL, 90C 7}
% %@.Oﬂfﬂ IARE E9F a2 A 3ich
719k o] AgE HE FHE AR A4y
T AL buffer 200 uL Y37, 28/ (vortexing)¥} THA|ZT
AR S W3 5 100% Et-OH 200 ulLs ¥ich =1
8,000 pmO. 2 14 YEE F Wl st A=
2 A9t Gt A (column)dl %71t FAIE
$3te] A= (column)o] AW1 buffer 500 pLE Eo]50]
8,000 rpmoll A 183+ YA EEsa, 232 AW2 buffer
500 uLE Yol 14,000 rpm0ﬂ7\1 37 QAR SIS A
H(column)°ll F-2¥ DNAZS 371 98l ﬂﬂﬂ A9
(column)S 7§58 1.5 mL U]‘/] LAY FH &7
AE buffer 200 uLE g0 133F X8k & 8,000 pmol| A
1587 9ARE] 519t
°]%- =% FFPE %72 DNA+ DU-730 spectropho-
tometer (Beckman Coulter Inc., Brea, CA, USA)$} Qubit 2.0
fluorometer (Life Technologies Inc., Grand Island, NY, USA)
4H]E AHESHe] DNA®] &%= (concentration), <= =(purity)

2 2 (total amount)S =3

o rlo ot

=0t DNAS At8Sh SEELAES(PCR)} S5 4t

F=3F genomic DNA®] JEIE glatr] fla) ofz<t
22 atoln] Bforward primer 5-CAACTTCATCCACGT-
TCACC-3, reverse primer 5'-GGTTGGCCAATCTACTCCCA-
3)S ©]-8-3Fo] beta-globin <ol tgh FFEAAHTE
S(PCR)S 35} o, o /4= PCR product®] 7]

= 216 base pairs 31T}

FH a2 AA-S(PCR)> Maxime PCR premix (i-star
Taq; iNtRON Biotechnology, Seongnam-si, Korea)& A3}
o DW 17 pL, forward primer 1 pL, reverse primer 1 uL,
genomic DNA 1 pL= 20 pL-S 9+ 4] Bio-Rad C1000 PCR
Z}H](Bio-Rad Laboratories Inc., Hercules, CA, USA)S A&
3te] 40 cycles PCRS Z18d3}3lT) PCR 2H=E9] A7)+
QIAxcel Advenced System (Qiagen) “JH|E AF8-3lo] 1 4
= glsiginh



2%t DNAO| CHgt 3ojfx| 2oHdd ZHAKmicro-
satellite instability test, MSI test)

z4zke] x=aRlS AREeke] AR T (tonsil) 7]
o] stehdl EFoA FE¢ DNAS AME-3ke] PCR WY
= 7INke] Au|RA] B3 EMSD AARE Aldekar 1
AZES Baslith. F53 DNA Al5 E9ll4] pentaplex
panel] NR-27, NR-21, NR-24, BAT-25, BAT-26°] t]at &
WA EQHEAMSD HARE E B3 AHprobe)E ©]
85k X3 3}31 th(Suraweera et al., 2002; Goel et al., 2010).

Ztzko] PCR FrHe| w2l¥ DNAE WL, 7} 344 d
2 ggo] FAE primers ¥olF ATt Hot Starter Taq
Master Mix (QIAGEN)S €ol& $ & 4lo|F=3th A5+
GeneAmp PCR system 2700 (Applied Biosystems, Foster City,
CA, USA)l &=Fak & 95 C o)A 15%7F -3 & 94T
oA 14, 55CllA 14, 72°CellA] 1331 3038 41& ukg
afaL, vpARte 2 72T 523t whEskgiTh wkg-o]
£ A]Hol| GeneScan-500 ROX size Standard (Applied
Biosystems) 1 pL2} Hi-Di formamide (Applied Biosystems)
10 uLE Wo] & 313 3 95Tol|A] 513 vhS-AIZ Tk
2 2K probe) 2t E3HE A|RE 96 well plateol] &7 3
3100 Genetic Analyzer (Applied Biosystems)ol] “&2}3]
7} #A(fragment analysis)= A AI3ISITE 410 &
IH&E-2 GeneScan software (Applied Biosystems)S ©]-&3}]
A FQlek3ih

gholwl Aol Hrh= 5709] A A marker) 5 27} ©]
AFo] FA| AW marker)ol| A Wo]7} #z=E -0 MSI-High,
3hte] A A marker)ol A RE Wel 7} Q1S A5l MSI-
Low, 2+ A A marker)ol| 4] Wo]7} #&HA] b= 7
$-oll microsatellite stable (MSS)Z ¥-5}2AtHSood et al.,
2001; Kim and Park, 2006; Bilbao-Sieyro et al., 2014).

r
M PN o

L9

4 =4

A 2] SPSS Version 27 (IBM SPSS Statistics, Chicago,
IL, USA) Z215S o] &3I3itt i vitol tisiA=
Chi-square test, 914 Wm0l 3|4 Student ttest B
AAax] E2HEA (one-way ANOVA)S- Al 3851t BA
Aol A P gto] 0.05 P]HR1 A5 A o= fo
gk apol7t & FoRE FASIITh

Table 1. Mean of pH in various formalin fixatives

Name of fixatives (mearI: Ii SD)
Laboratory-made formalin (LmF) 6.84 = 0.06
Mirax Co. 10% neutral buffered formalin (MiN)  6.81 £ 0.01
MD force formaldehyde (MdF) 6.83 £ 0.07
Korea CFC chemical Co. formalin (KoF) 6.87 = 0.06

The pH of each formalin was measured 10 times
There was no significant difference in one-way ANOVA
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Ao AAESom, AEAS A A5 eosinell <]
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(tonsil) 2] AN A FZ3F DNAQ] “Fejol] gt
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Fig. 1. Paraffin sections of human tonsil tissues were
stained with a standard hematoxylin and eosin. Micro-
scopic image of a moderate hyperplasia of a lymphatic
follicle. The structure of the tonsil stroma and pathological
region was well maintained. There was no difference in
cytoplasmic and nuclear morphologies among different
formalin fixatives. A and B was used laboratory-made
formalin (LmF), C and D was used Mirax Co. 10% neutral
buffered formalin (MiN), E and F was used MD force
formaldehyde (MdF), G and H was used Korea CFC
chemical Co. formalin (KoF), respectively. Magnification
of A, C, E and G were <50, and B, D, F and H <300,
respectively. Black and yellow scale bars respectively in-
dicate 1 mm and 100 um.
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Fig. 2. Differences of DNA quality from formalin-fixed paraffin-embedded (FFPE) tonsil tissues. The concentrations (A) and purity (B) of
DNA from FFPE tonsil tissues were similar by various formalin fixatives. The total amount of double-stranded DNA (C) was significantly
higher in KoF compared to MdF (*P<0.05). The tape station of double-stranded DNA (D) was significantly higher in MiN compared to
LmF and MdF, respectively (**P<0.01). LmF, laboratory-made formalin; MiN, Mirax Co. 10% neutral buffered formalin; MdF, Md force
formaldehyde; KoF, Korea CFC chemical Co. formalin.
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Fig. 3. PCR products of beta-globin gene by the QIlAxcel Advanced
System (Qiagen). Expected size of PCR products were 216 bp,
which were found all lanes of samples. Lower bands of 15 bp and
higher bands of 3 Kbp were primer dimer and genomic DNAs,
respectively. Lane Al, size markers; A8, MiN (Mirax Co. 10%
neutral buffered formalin); A9, LmF (laboratory-made formalin);
A10, KoF (Korea CFC chemical Co. formalin); A11, MdF (MD
force formaldehyde); A12, positive control.

2 n] 3= tape station= MiNOIA 7Hd Ao LmFE
AFga A9l Hls EAA O Fol Aolsh ekt
(P<0.01).

2235t DNAOIAM beta-globin §212}of| Cfst PCR A3}

vorst gy ow 143 Hi(tonsil) %2 AW

NAE o]g-3te] AAlAQl HeEah etelr

Aol thgk PCR A3}E2] gene scan ©]H] XA of’d3)
A 216 bp F7]12] 91Xl PCR product bandS <13t
T AdNomn, 4717 x=2E™ 22 wE PCR AdE
E3} positive control A|F2] FZF AHE band $IX|7} 5L

S} tH(Fig. 3).
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S R3] $13 PCR o2 F3#3k 57)19] pentaplex
panel markers (NR-27, NR-21, NR-24, BAT-25, BAT-26) 7
Ab A= Fig. 4049 o] o Alset Zte] 54
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Fig. 4. Gene scan results of microsatellite instability (MSI) tests
for pentaplex panel markers. Similar peak height was obtained in
isolated DNAs by FFPE with various formalin fixatives. All sam-
ples showed similar with positive sample, however different with
negative sample in NR 21 marker. MiN, Mirax Co. 10% neutral
buffered formalin; MdF, Md force formaldehyde; LmF, laboratory-
made formalin; KoF, Korea CFC chemical Co. formalin; positive
control; negative control.
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(Bramwell et al., 1988; Turashvili et al., 2012).
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