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DNA Extraction from Long Term Formalin-Fixed Lung Tissue:
Detection of Pneumocystis carinii DNA by Polymerase Chain Reaction (PCR) Method

Yuichi Maekawa?, Yukiko Nakamura’*, Shunichi Takeshima?,

Kimiko Matsuoka®, Yoshiyuki Nakata® and Kunihiro Kawabata?

(Y Department of Medical Technology, Osaka Prefectural College of Health Sciences, 2 Department
of Medical Technology, Osaka Medical Center and Research Institute for Maternal and Child
Health, ® Department of Medical Technology, Osaka Prefectural General Hospital, and ¥ Depart-
ment of Medical Technology, Osaka Prefectural Habikino Hospital)

Pneumonia caused by Pneumocystis carinii (Pc) has been diagnosed by direct detection of Pc in sputum and
bronchoalveolar lavage (BAL) collected from patients. In recent years, a method using polymerase chain reaction (PCR)
has been more frequently applied to diagnosis of Pc pneumonia. As material for detection of Pc by the PCR method,
sputum, BAL, and formalin-fixed tissue are used. Pc genes, however, cannot be detected by PCR in specimens fixed in
formalin for a prolonged time. In this study, we improved a method of extracting DNA from lung specimens fixed in
formalin for a prolonged time. As target genes for amplification, ribosomal RNA internal transcribed spacers, 5S
ribosomal RNA, and mitochondrial ribosomal RNA of Pc were selected. As the control for confirming that template
DNAs were appropriate for PCR amplification, human B-globin gene was amplified. Using this method of DNA
extraction, in which digestive and fixative removal were promoted, the Pc genes were detected in lung tissue specimens
fixed in formalin. Amplification of the control human g-globin gene was also improved, suggesting that Pc detection
in fixed lung tissue specimens in this study was due to an increased amount of template DNA by improved DNA

extraction.
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THREZEERN T 2 5160, WS REENCBR
TEHERINETITbNTE ], L, REIZL2
R IR E2ET 25, BELRHAEE
BEZ ol F, BEFHEITEMOES L &b
polymerase chain reaction (PCR) #E0EEF s, HEY
&3 2% DNA I % in vitro THERT 5 2 L WHJRE &
B otee £0 PCRZBFFZHIES £ &k BRPEZH TG
AZNiFCHTwab, PciRDBZBHICBWTY Pcd
ribosomal RNA (rRNA) #EE=F%32—F3 % DNA®D
—IERHEE S &% D, PcDNA BRI & 2 2¥»ERL
Eho0bh %%,

PCR ¥z & 5 Pc#ix, 24 F T BAL, B, e
TR, MAEREMBE LB DORBESHE T ENT
WB M, BEEMEBEME L L PcREOIRE D0,
RO BIAZOLDOME L sk &, [EE
D S OB ITRE LB ELL D TH L, Lo L,
BR T Pcii B Rb T REBEI M TN 0oz
RIS, FETZ S &V REME L U TREIERGEHBL
PEELEZVLEELE W, 2070, BEERFHEE» S
PCR 1 & 2 ER RO AJREIC 2 Ui, BH DK
Mz, ECEROZKPMEFAELLECBWTOEELRR
HERELTIERRD,

Pc 2ttt 9 272 ® PCR KB W T, BEiC BAL
EMEIE LT T4 ~—ORIBBEZE L ENRESINT
W30, L L, BEEBSHEICBT % PCREEICEAL T
i, MEDBDLRLARETHZ AL S W, SH, HLF
PCR ¥ & 0, BEIEMBIE SHERIC Pc ZRET 2
72, BEEMHEBS SO DNA fiEORE 2R AT,

M FHE

. & ¥

ME I Pclik M- BEOH» SBHEL
BAL 2 #fk, WEER 2 BfR, 2~6 SR 10% R~ Y »E
ES NI iR e E R L Uiz, 72, BEAD
BAL, Mg, 2 FEFiA~) VEES NI HHEBE R
Fhgfarbo—nLe L, A FTuif—¥
K, KCl, Tris-HCI, MgCl,, &7 4 ¥ X7 Vv 4 F F=
) B (ANTP), M#E#WEDNA RV Ao —¥, 774
< —FEEEEASE L DEAL I,
2. DNA Hifi
1) BAL, B#E» SO DNA #iH

BAL, ®#» 5O DNA #itik, o714 +—€¥ K
It 7=/ —NnE7uon R VAL BHH
HBUWTITo o, BRELL 7R 1 mL % 3000 ElER, 15

SIEIELE EE R TC, lysis buffer (50 mM Tris-HCI
[pH 8.0], 0.5% sodium dodecyl sulfate, 0.19% Triton-
X100, 30 mM EDTA, 0.5 mg/mL 7275 4 +—¥ K) »
300 uL fimz 45°C, 24 B¥FEITHIEL, 7=/ — NV E T 2/ —
Ve Z7utRVh « AVT7INTNVa—NVEEK (CIA)
THH %2{Tolz, =%/ —0 T DNA % [,
Tris-HCl, EDTA 84 buffer (TE buffer: 10 mM Tris-
HCI [pH 8.0], 1 mM EDTA [pH 8.0]) 50 xL Ic#&fEL
PCR&EL & L7z,

2) w=Y CEEREBS S D DNA it

R ) CEEMEE» SO DNA #iH R, EkES
L UHEEEIC & > T DNA #2117 - 72,

fERE D AR, BIERMEBAE D S O Pe itk i
FEW 121 BEHEE R 5X5X3 mm) & TE buffer 2%
BN, BEA XA THERBRCEREL 2, 20K, lysis
buffer 300 xL #HNZ 45°C, 24 BERERALL, 7=/ —1
& CIA THill 21T o /2o =7 / — VL IEET DNA % [BIY
#, TE buffer 50 pL L PCR ¥ & Uiz,

WRE mEMAA (20x20xX5mm) 2 TE buffer 20
mL % h0 2 buffer F11c THEBERIAHIZ S & TH» < Y
WrL, 3000 Elz, 10 47[LE-L# EEZE T, BUTE
buffer 2z 7 7avkEY 34 ¥ —THAL Tz, B
% EERFNMCEROEE, TE buffer 201z 3 49 —T
15 S fE## L 7:, TE buffer 2BEMZ &R L, &LE
DO FERERFEL 2ERVKRL, #HLBRICHHE L 748
300 uL 2RF LTz, ey r 4+ —X¥ KEEY? 1
mg/mL [Z#H L 7z lysis buffer % 300 xL i1z 45°C, 24
B b, B 10mg/mL a5 4 >+ —¥ K % 50 uL
Mz, EHALBIPRIERIT VRN S, S 6512 24 FFEHE
2T o7%, Mk, 7=/ —n& CIA THIEL, =¥
J — VBT DNA #[a#% TE buffer 50 £ L WS L
PCR ¥ & L7z,

3. PCR#

PCR#% X 1B PCREETCHK DNA 2 8iE 3 %
single PCR # &, ®&#lic—k PCR & L CTH® DNA &
BMELHEIEST S Z L THIDNA 2N E, 20
DNADODAETZ7 4 ~—2 A2 ZXKPCRTHHH
DNA % &SR T % nested PCR &% 7z, sin-
gle PCR#ED 754 <—E LT Pc ®5S rRNA #a—
K L, 120bp ® DNA W i % ¥ I8 3 5 5S sense, 5S
antisense 77 4 ==k 3 b2 N ) 7rRNAD
large subunit % 2 — F L, 346 bp @ DNA W5 % 880E 3
% pAZ102E, pAZ102H 75 4 = =419 %2 H\i- 2 ¥
® PCR ¥ 2 1To>72, nested PCR#% & L T X, Pc®
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#ADNA (bp) 7514<— PCR%&f
#uEE F--UrJ HRERS ¥1ILER

58 rRNA (120) 58S sense:5'-AGTTACGGCCATACCTCAGA-3 94°C 50C 72°C 40
58 antisense:5-AAAGCTACAGCACGTCGTAT-3' 1.5min 2.5min 2min

1h3Vh" 47 rRNA (346) pAZ102E:5’-GTAGGCTGTTTCCAAGCCCA-3 94°C 50C 72°C 40
. pPAZ102H:5’-GTGTACGTTGCAAAGTACTC-3' 1.5min 1.5min 2min

ITS first PCR (693) 1724F:5-AAGTTGATCAAATTTGGTC-3 94C 47C 72C 35
ITS2R:5'-CTCGGACGAGGATCCTCGCC-3' 1min 1min 2min

ITS Second PCR (550) ITS1F:5-CGTAGGTGAACCTGCGGAAGGATC-3 94°C 58°C 72°C 35
ITS2R1:5-GTTCAGCGGGTGATCCTGCCTG-3 1min 1min 2min

human S -globin (262) KM29:5-GGTTGGCCAATCTACTCCCAGG-3' 94°C 55°C 72C 35
KM38:5'-TGGTCTCCTTAAACCTGTCTTG-3 1min 2min 2min

rRNA O internal transcribed spacer (ITS) #a— K
L, —RPCR & LT693bp D DNAWH 2T 2
1724F, ITS2R 754 v — & R PCR & LT 550 bp ®
DNA Wik %883 5 ITSIF, ITS2R1 754 ~—%H
WEE3EED PCREV DICL > T PcOBRBE2RA
2o DNAfiHa > ra—i e LT, & b+ DNA OG-
globin #H#% % 7 — N L 262 bp @ DNA i 2 i@ 3 2
KM29, KM38 77 4 =—% Fiv» % PCR 2 % [E]F Iz
Tolze KEBRTHWRE T 74 ~—DBERY X
Table 1 iR L7z,

PCR KIGH# O R A RE & 50 mM KCl, 10 mM
Tris-HCI [pH 8.4], 1.5 mM MgCl,, dNTP % 200 xM,
774 =% 05uM, WBHEDNAKRY X 5—¥25
unit, DL EDOFRHIEEL SHH L7z DNA Y > 75
uL 2Nz, EB50uL ORI AITINTANVEEREL,
DNA thermal cycler (Perkin Elmer Centus) X > T
HEEZTo7. EPCREDORIGHREL V1 7 VH X
Table 1 IR L 7z,

4. BXRIKE

PCR#BDRIGH 8 uL % 3% 7 Ha—A# Wiz T 100
V, 40 PEEKKEI 2T, lug/mLzFY v A7 0
SFTHaEPBE L, REINLTTO—X T VI
FTYARANI A=Y — (7 F 3 Y) TEIRE RS
L, EIES N7 DNAWF 2NNV R LTBEL,

& 2
1. PcDNA Ot
5SIRNABEZEFAREIET 2587714 -2k 3
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7zo BtEfEtRD BAL, BE B X U RZEI & 52 DNA
i 21T - - EEM#HEB T 120 bp DALEIC /N> R 23
FBa3hi, LarlL, BAL, %, BEEMEBROZIETHh
DRaMRRIE & i 3kE: T DNA HiH 217 - 72 Bl E it o
BHEE TN PRI hrole, £/, S b2
> KU 7 rRNA, ITS rRNA BEF28IET 5 pAZ B
XIUVITS 754 ~—%2HWwi: PCREBEOERKEE R
X, pPAZ 5 4 ~—"TI3346bp, ITS 5 4 =—Tlk
550 bp DBz, 55 75 4 v —D PCR R & BREDOH
FIZBWT NV FOSFER & iz (Fig.lbc),
2. t + DNA g-globin $ES O

t  DNA g-globin O HEFE R % Fig2 R L
720 TRT DR T 262 bp DAIE /N> RHFRD S iz
2y, fEREIC & B BEIEMEBBRE T, Mok L ik
LT H/3y N IZRBHBE T PCR 12 & 2 DNA OIEE
FE» STz, L L, B X > T DNA#H 2T 72
B E M TIdo N> NI I 1Lz,

% =3

PcDNA O#IE%*1T5 PCREIZBWT, BLEER
FHED1 23774 ~—FINTH 5, BifE, PcDNA
B4 - LTHEED TSI 4 ~—sMERII LT3
23, Lu 5 1'99%, BAL 288 & LT Pc @ ITSrRNA,
18SrRNA, = b2 ¥ FY 7rRNA B £ F5SrRNA
genes R ERXHWET B3R S5 4 ~v—%2HWTPCR&E
2TV, P4 L ABMEREDOELERE L Tw
5, RBFLusxkoTHEGEINL T T4 =T,
D PcRERE BV THHEICHS L TW2 3EHE
DTT74<—%BRL 1z,
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Fig. | &7 54 <v—IZ4& % PcDNA DOHIEHER
@)58 794 ~v—, OpAZ 774 =—, (c)ITS
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M: 4 T & ~—#s—(bp): lane 1: 5 % BAL #
1k lane 2 : &t BAL# 1 ; lane 3 B K
Wik lane 4 @ BB ; lane 5 . BHEME
Bk (PEkEE) . lane 6 : BHIHEBRE &R
#) 5 lane 7 : Rt GERE).

Hi DNA O ERE 258K 2 v 256 T3,
HODNAERELPHWE T2 2 & THIBHER™MET I &
£V, 120bp DEDNAMH 2 IBEMW & 9 5 5S
sense, 5S antisense 77 4 v — % AW/ PCR &% (Fig.
la), single PCR #:Cid i b MHRE DR pAZ102E,
pAZI102H 75 4 ~—% w7z PCR # (Fig 1b), H®
DNA EXME L HLEELZWEALREEBWTY, &
WELE %R 7 nested PCR i & L T 1724F, ITS2R,
ITS1F, ITS2R1 77 4 =~—% Fwiz PCR # (Fig. 1¢)
D 3FEED PCRIKIC & - T Pe it 23k AH 72,

ZDFER, fEkFEic L 5 DNA R > v & O

M1 2 3 4 5 6 7

Fig. 2 Et » g-globin DNA DR
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%) 5 lane 7 : BRYERTAEARBRE (RE3RK).
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M, RIGIRE LRI L &0 PCR RIGEETIE R L, §H
DNA ZD b DFRENERTH 2 S L& 2Tz, FDed,
E h®Dp-globin® a—F ¥ 2DNA2H® & L 7
KM29, KM38 754 v—% M- PCREZEIC X 3t b
DNA O¥iE*1T> 7 (Fig2), ¥7&bbH, &~ DNA %
BIEENE T, METOEHWDNARR—ETH
D, s BN OMBIRSEFIZRIC TH 2729, PCR &
@ DNA i 8 13858 DNA BIoikE T 2 L& 217z, #
DFER, PDNABICHLZBIEFAT S THAS5 b
DNA W BWTH, ERETREEMBEZESE» S 0D
DNA #ig&iz A7 <, THRZ S FELTERESh
726

[ E AR 2 M8 & U7 PCR ¥RIC & % DNA B8 12 B
L T Rogers 53 PCRZICHW A ME & L THftx
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WAL TWwd, 72, Greer 522 3FEEIC L D DNA 1
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EALRL & D DNA $iE 2 KE 1z L v 2 FEKIE, DNA
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