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Abone marrow biopsy that has undergone decalcification with 10% nitric acid could not be used for
various pathological tests and had extremely limited reproducibility. The fixing solution of each
experimental group was differentiated in usage, one solution including acid and the other not. The
use of the decalcification solution was separated into either acidic or alkaline (EDTA), and further
experiments were conducted with differing time phases. When using a fixing solution and
decalcification solution which included acid, the specimens were faulty to the extent that all
pathological tests were impossible. However specimens that were processed with an EDTA type
decalcification solution did not display a non-specific reaction in EBV ISH and were even able to
produce results that were at a level suited to various studies or a pathological diagnosis in the FISH,
DNA, RNA tests. By improving the fixing and decalcification of bone marrow biopsy, the study was
able to make possible ISH, FISH, DNA tests as well as RNA study, and secured the sensitivity,
specificity, and reproducibility of various test methods. The stabilization of various test methods
that use bone marrow biopsy contributes to the diagnosis, prognosis, prediction, treatment of the Corresponding author: Hyunsup Lee
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=22 AHacid) B2, o] 2 ekrA] D3, 7wl 23
B, 251 23 5ol AthWitter 5, 2000; Kim 5 2005;
Sangeetha -5, 2013).

23l 5~10% HAE-8H, 10% FAL &N, 5% THujAt &8,
Plank-Rychlo 8, Morse &8, EDTA (ehylenediamintetra-
acetic acid) § 5ol =t A= Z2 4 Y L3t vh-g-sto] &
84 2 FE 2 8H o, EDTAE Zrgo] 3} A el o 2 2kds)
o] Zr5-2 AIASH= EA 0] It Cotelingam, 2003; Dimenstein,
2008; Lee &, 2008).

AR 0 & 10% HAH-§H 0 & H3)5 AX ZHPH A
n]eko] G AEke]-H} Hlo] 2] A(Epstein-Barr virus, EBV) &
T ] = AW A Ato] B 0tg 0w ok AP
AL B7FsSEAL 53] AleH o] it

A2 el A 3 200095 gk
, EAE SRAA A Aok Thett ER9
AL, E O, A
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1) 1078 3 5|l R0l ALSE Al

Aok zinc chloride (Z0173; Sigma-Aldrich Co., St Louis,
USA), glacial acetic acid (A0033; Samchun Co., Pyeongtaek,
Korea), 37% formalin (FO162; Samchun Co.), sodium phos-

Table 1. Fixation solution

Types Ingredients Contents
Acetic acid-zinc Zinc chloride 50 g

formalin Glacial acetic acid 1.9 mL

37% formalin 300 mL

Distilled water 700 mL

10% formalin Formalin 100 mL

Distilled water 900 mL

10% neutral Sodium phosphate monobasic 4g

buffered formalin  Sodium phosphate diabasic 65 g
Formalin 100 mL
Distilled water 900 mL

phate monobasic (S0909; Samchun Co.), sodium phosphate
diabasic (S0893; Samchun Co.), nitric acid (438073; Sigma-
Aldrich Co.), Shandon TBD-1 414+ g4 &3] (Thermo Fisher
Scientific Co., Waltham, USA), EDTA (E5134; Sigma-Aldrich
Co.), Trizma base (T6066; Sigma-Aldrich Co.)& A3}t
(Table 1, 2).

2) 1N Sl 2y oty

AR o R 1Yol 4 3k DA AL )Y 15
o8 FHIT, IHATHE 4,8, 24A17H0 2 Leo] Aeigon]
wojole Aby ehajol, orztely BHOlEDTA AR)OR FH}
TGN 4, 8, 12, 24, 32, 48A17H0 2 Ueo] A1}
9] 9 S8lo] 2L 1A AL X3 TN AR T,
Ak 325 g At e RN o &2 2T Al= Al Bl et g ol
T ALY o, AL v gl ebvtely w0 R, 3EH
L Ab e el el welel o & xavto] Aot

3) B Sl A DALE AMES Z3UH

AZHOF Bond-Max immunohistochemistry stainer

(Leica Biosystems Co., Wetzlar, Germany) 71715 A3+ EBV
54 uFHR(Epstein-Barr virus by in situ hybridization, EBV
ISH), Statspin ThermoBrite slide processing system (Leica
Biosystems Co., Wetzlar, Germany) 717]& ARS8 C-MYC 8%
FAuAHR(C-MYC fluorescence in situ hybridization, C-
MYC FISH), GeneAmp 9700 PCR system (Applied Biosystems
Co., Waltham, USA) 7|7]& A+&-%F DNA S 241 4H-e(de-
oxyribonucleic acid polymerase chain reaction, DNA PCR),
ABI PRISM 7900HT sequence detection system (Applied
Biosystems Co., Waltham, USA) 7]71E AM-3F RNA G -A} AA]
7+ A S3HE(ribonucleic acid reverse transcriptase poly-

Table 2. Decalcification solution

Types Ingredients Contents

5% nitric acid Nitric acid 50 mL
Distilled water 950 mL

10% nitric acid Nitric acid 100 mL
Distilled water 900 mL

5% EDTA, pH 8.0 0.5 mole EDTA 200 mL
Distilled water 800 mL

10% EDTA, pH 8.0 0.5 mole EDTA 400 mL
Distilled water 600 mL

Tris/EDTA, pH 9.0 0.5 mole EDTA 100 mL
1.0 mole Tris 10 mL

Distilled water 950 mL
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merase chain reaction, RNA real-time PCR)&} Z-& B2 2] A
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A%, C-MYC 35T A4t Ao gE DNA 5
GAAAHTE-S T30 G|, RNA AT A4 k-6
260/280 ratio (260/280 values of 1.8 and 2.0, respectively)&

7108 3.

R

. ZAHOIA 222 Dot 59, ZAL TBD-1, 5% EDTA,
10% EDTA, Tris/EDTA 3|4 At 1T Za}
TP RAS A ok ZER AT 5%
5% EDTA, 10% EDTA, Tris/EDTA EF&] o] W2
WS 4/4X7Y, 24/8N7Y, 24/32 XY, 24/48 X 7ol A A
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2. 10% E2LE 1A} 5% FLk

S
EDTA, Tris/EDTA 23|42 At2StH
FPBARAE 10% 2227 1N} 5% A4 TBD-1, 5%
EDTA, 10% EDTA, Tris/EDTA 23]fof ¥-2 o 1174 9l &Ho] 2|71
S 24/8A7Y, 24/32417Y, 24/48A17 o)A AEslATE 10% E2
el 270 7 wAHIRE % Zk7Eo] HAe A A E QoL AA4
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TBD-1, 5% EDTA, 10%

2EA 21t

R

E
&
=)
)
&
=

§E L2LT MM 5% EDTA, 10% EDTA,

3.10% 54 & 2
Eo|lS A 3TA 21t

Tris/EDTA
Az 2o

TEAAZRAE 10% 4 o5
10% EDTA, Tris/EDTA &3]9o
24/32A17Y, 24/48 X170l A A 33Tt
o T 1St S EDTA E3|H o5
Fo3t A3 % tHTable 5). 7A
EDTA, Tris-EDTA &-9©.
71E AR AR 1Yol =0l A=
HFEEE7] of 22 Fo] 8l

AN
KOS rapid microwave tissue processor (Milestone Co.,

S
=

&
A
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=

o
i)

Sorisole, Italy) 717] &=, ol ¥oF, vFd A4, Bhd 7)< 4 &

Table 3. Decalcifying agent results in bone marrow biopsies fixed with acetic acid-zinc chloride formalin solution

Decalcifying agent Cutting EBV ISH C-MYC FISH DNA PCR
5% nitric acid Easy Poor Poor Poor
TBD-1® Easy Poor Poor Poor
5% EDTA Difficult Poor Poor Poor
10% EDTA Difficult Poor Poor Poor
Tris/EDTA Difficult Poor Poor Poor

Abbreviation: EDTA, ethylenediamintetraacetic acid; EBV, epstein-barr virus; ISH, in situ hybridization; FISH, fluorescence in situ
hybridization; DNA, deoxyribonucleic acid; PCR, polymerase chain reaction.

Table 4. Decalcifying agent results in bone marrow biopsies fixed with 10% formalin solution

Decalcifying agent Cutting EBV ISH C-MYC FISH DNA PCR

5% nitric acid Easy Poor Poor Poor

TBD-1® Easy Poor Poor Poor

5% EDTA Difficult Good Good Good

10% EDTA Difficult Good Good Good

Tris/EDTA Difficult Good Good Good
See Table 3.
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Table 5. 5% EDTA, 10% EDTA, and Tris—EDTA decalcification results in bone marrow biopsies fixed with 10% neutral buffered formalin

solution
Decalcifying agent Cutting EBV ISH C-MYC FISH DNA PCR
5% EDTA Difficult Excellent Good Good
10% EDTA Easy Excellent Excellent Excellent
Tris/EDTA Easy Excellent Excellent Excellent
See Table 3.

Table 6. 10% EDTA and Tris—EDTA decalcification results in bone marrow biopsies fixed with 10% neutral buffered formalin solution

Decalcifying agent Cutting EBV ISH C-MYC FISH DNA PCR
10% EDTA Excellent Excellent Excellent Excellent
Tris/EDTA Excellent Excellent Excellent Excellent

See Table 3.
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b 24/32 MM 2R 9] 5 6A RS &
3]7] ARg)Oll A AF SIS R AR 7]E 2~3 pm FA ol A]
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E
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Fig. 2. Effect of EBV ISH by 5% nitric acid decalcification in bone marrow biopsies fixed with 10% neutral buffered formalin solution
(Lt & RT, x100).

2 adB o M P, G TR e L
. gl ¥ ot oy X
| - " ,fl'n et . "o -~ - S
i ol o™ . P !!' '-r]:? -
2% # R W, . 3 . :}* N
s o8 B . f"""".." . - a4 &> “. L By * r s
- .ot .“‘_‘ / : S ** o'y o ™ e T8 A e d
e $ o9 M & 5 “L," - Py .;I . . S ol
“ iy Y a - J.'.s‘ LT Pl e e -
' e » ey L [} - N EdTTs
\e® wp N2 e 4 * 4,‘._r".:- ‘ - L e
L ¢ . . .
» ol o - . B . .‘ e N
t =t ta b
5 0:"1. ‘ .;' f— '.1 ".‘.="'\ - " dae I -
u& ﬂ] ¥s 80 - i . e @ 3 -
Wie - i | - it .
{ ) SN pl o-'r:: ) .
P o ' ]
S A * - ‘:‘d- i".' 5" v
ok S T o I e |
- - s oy b &
o i » B8 2A el WO ]
raeds e R ™ - N |

Fig. 3. Effect of EBV-ISH by Tris—EDTA (pH 9.0) decalcification in bone marrow biopsies fixed with 10% neutral buffered formalin solution
(Lt & RT, x100).

Fig. 4. Effect of C-MYC FISH by 5% nitric acid and 5% EDTA (pH 8.0) decalcification in bone marrow biopsies (Lt & Rt x400).

SF A oA = T2t v S5k o 3lalek A S B4 9
% 31(Fig. 6), 10% EDTA 23] 3} Tris-EDTA 23] ol 4] X 2]k 4) RNA & Z7t 21
HA A= F33 AAHE 2 4= 3 IchFig. 7). 10% 54 5% 2202 golvk 10% D484 10% 34 &5
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10°%'EDTA Tris=sEDTA

Fig. 5. Effect of C-MYC FISH by 10% EDTA (pH 8.0) and Tris—-EDTA (pH 9.0) decalcification in bone marrow biopsies (Lt & Rt, x400).

Sample2 Sample3 Sampled
M B A =} A B A  control

Fig. 6. Effect of DNA PCR by 5% nitric acid (sample B) and 5% EDTA (sample A) decalcification in bone marrow biopsies.

Sample8 ampleil Sample12 Samplel4

p
. 9 Sample11 Sample13
o SAampge A B lB A B ;mp; A B control

FEwE gohu} 10% EDTA 89, 10% 24 95 222 gola} H] 4] OFA O] RNAS 3% = 2131tk RNA AAH A4 Fahdt
Tris-EDTA -0 W& & 117 gl &S] AI7HS 24/32A17Fof| A A S HAR] 79 10% E2 e A HT} 59 AALES|ol 0 & A g]
AsFATt. 10% AN ARSSH AHIE A LJet TR Ao A ok AA12] RNA 98 29.2 ng/ul, 31.5 ng/uL® YERGoH
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Table 7. Difference of RNA isolation rate according to decalcifi-
cation solutions

Decalcifying Sample RNA concen-  260/280

agent number  tration (ng/uL) ratio
10% formalin/ S1 78.5 1.62
5% nitric acid S2 29.2 1.54
S3 31.5 1.48

10% NBF/ S4 226.2 1.78
10% EDTA S5 275.6 1.81
S6 140.7 1.78

10% NBF/ S7 112.5 1.86
Tris-EDTA S8 136.8 1.86
S9 1,106.7 1.86

Abbreviation: NBF, neutral buffered formalin; EDTA, ethylenedia-
mineteraacetic acid; RNA, ribonucleic acid.

260/280 Bl=ZF2F1.62, 1.54, 1.48% U¥ch 10% 34 943
29 17T} 10% EDTA 2] 0 2 A e]et 4] RNAY-E

7F1.78, 1.81E Ut} 10% 54 ¢ =29+ 1 N3} Tris-
EDTA 22|02 At A9 RNAYS 742 112.5 ng/ul,
136.8 ng/uL& YERE O M 260/280 Hl= B 1.86°0.8 LTt
(Table 7).

SAHRA A A ZHE D3l A0 EA S osfiste] H29
g-ol-Z Melstar, go] R 19t Qg (artifact) S X A0fok=
Aol ZQ3ltHlee 5, 1993; Naresh %, 2006; Castania 5,
2015; Choi &, 2015). &5 AR8RHA] 1004 o/ At A F ke,
SIS s ] Qfel B v Pt o] WHEEE A Qi
(Lim, 1991; Choi, 1992; Callis®} Sterchi, 1998; Kim - 2005).
F- At o] oSk A 2R 0= AP R AL AL B A
A o] E7FESIAL A o] HolAl= A i) Eo
O] 2 AR FAF O QIS 2 A WO DNA &4, w7t 02 ¢
Qlom, EDTA AlE 3] A5 ARE-OF 75 AR ot ol A A
o 7 Bt Qlokal Barsheik(Alers &, 1999; Brown &,
2002; Reineke 5, 2006; Singh -, 2013; Choi &, 2015).

3 Ao A T Lheb 4 Gl T S8,
10 Y Folofe] FRok WA BIAL] AYZAE T
871 918 A2 2B Iek. 1 A3 Abo] EE 1A 9 4
A RO AL A EBY S4TANS AAOI A v S
o] 2] uhgo] ofubx] A1kio] ALgE 4 §1910H, C-MYC 345
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AL E7FEE AR AAVEERSHIT 12U EDTA Al
o] goH o g X e$t A5 EBV ISHO A= H| S0l 4] §l-3-0]
§lo1 %21 FISH, DNA, RNA Aol A e W e] g ctout 24 At
oﬂ A3St 30 AvE o %1:]. Ag 74}_7&9] P AHPH T} EFY)
Hr S 7R A%k 24 ISH, FISH, DNA Z1AHERE obu 2} RNA ¢
& 7Fs 87 1ol 2% AP WA, Bol 9 A d
4 QA ESich A RAE o183 21 A gt
2 92)0] A0, of - o2 9l X & AR 7]o] B4 A A

= 7.
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