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Use of Formic Acid for Prion Inactivation Influences Staining Intensity in Immunohistochemical Techniques

Tomoko YAMAMOTO"? Yoichiro KATO? Atsuko HIROI'?, Akihiro MASUDA"’,
Tatsuo SAWADA'"? Noriyuki SHIBATA"? and Toshio NISHIKAWA'
'Department of Surgical Pathology, Tokyo Women’s Medical University
*Department of Pathology, Tokyo Women's Medical University School of Medicine

Neuropathological examinations are indispensable for the diagnosis of Creutzfeldt-Jakob disease (C]JD), an in-
fectious prion disease. Immunohistochemistry performed using various primary antibodies is required for diag-
nosing CJ]D, especially when it needs to be differentiated from or associated with other diseases. During formalin
fixation, prions are believed to be inactivated by tissue immersion in formic acid after sectioning. However, for-
mic acid has been known to influence immunohistochemical results. Here, we show that formic acid treatment
tends to decrease staining intensity and that the extent of this variation depends on the primary antibodies used.
For example, staining intensity decreased prominently in tissues treated with anti-Ki-67 antibody. Higher tem-
perature, smaller specimens, and longer immersion times also influenced the outcome of immunostaining. Stain-
ing intensity was found to be relatively preserved in the cerebrum, compared to other organs. In conclusion, we
show that the results of immunohistochemistry performed after formic acid treatment should be evaluated care-

fully.
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MWRETHAH. KREH5ITMFEN  Creutzfeldt-Jakob
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Table 1 Primary antibodies used in this study

Antibody Clone Dilution Source
GFAP Code No. Z 0334, rabbit, polyclonal 1:1000 DAKO, Glostrop, Denmark
S-100 protein Code No. Z 0311, rabbit, polyclonal 1:800 DAKO
Synaptophysin Code No. A 010, rabbit, polyclonal 1:200 DAKO
Neurofilament Clone 2F11, mouse, monoclonal 1:100 DAKO
Keratin Clone AE1/AE3, mouse, monoclonal 1:50* DAKO
EMA Code No. M 613, mouse, monoclonal 1:100 DAKO
CD20 Clone L26, mouse, monoclonal 1:500 DAKO
CD45R0O Clone UCHL-1, mouse, monoclonal 1:500 DAKO
CD34 Clone QBEnd/10, mouse, monoclonal 1:50* Novocastra, Newcastle, UK
CD68 Clone KP-1, mouse, monoclonal 1:500%* DAKO
Actin Clone 1A4, mouse monoclonal 1:500 DAKO
Ki-67 Clone MIB-1, mouse, monoclonal 1:1007 DAKO

GFAP: glial fibrillary acidic protein, EMA: epithelial membrane antigen, Actin: a-smooth muscle actin.

* Antigen retrieval by trypsin, RT, 30 min.

**Microwave retrieval with citrate buffer (pH 6.0), 20 min.
T Microwave retrieval with Tris-EDTA (pH 9.0), 40 min.
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FEARIRENRAF RIS D EHM T 4T o 723E CID B
NERA) 2 B GEAERERE A 2 RER 35 & OF 12 eR) o,
RNV VEEGDORE, Rk 08, M, B,
R, EFBR, BEEE, DNBICOoOWTHEEITo. %
NENDOfEE LXK SX5x5mm 28 b I L 7-7%,
98% IEMRIC 2 RFEIRE L7-. IR A L2 D
AL L BEVINT 7 4 YEBY R 2 /FR
L, & k% Hv 72 sl gtz 17 -
72 (Table 1). ZCFANFR 12 BERIBIOKAN, FERR, BE
EIZ BT, Mok E S (10x10x5mm, 5%
5x5mm), MEERRIERERM (1R, 20MH), EE
(4C, 30C) & @bt L7

R, Y% 3% BEE{t/kE/PBS TEiL
1040, EEYXFMBEBCTERIOT 7Oy F 7%
To7ztk, —RIURL 4C CT—BRBUL S ¥ 72, Tl
%, € F M F 1gG v L EL F i~
7 AIgG ERIRIODA v Fax—arl, TE
VYU FUEAERERER30 0SS, chro-
mogen diaminobenzidine tetrahydrochloride (DAB)
WX REBETo LEISE, UEORELE
'ﬁ‘o 7z

ko, IRELZORBIZLDHEL,
SEEIZBNTEEZW LERBIRERED D DI,
HERRRE L.

£ R

ERELTE, 2BV TRIZBWTHEPIL 725
BEEARL, WML X ) REREESET T
BRI AR b NTzDS, EHT 5 —RPUEOREEIZ X

n, BEIXEL > Tz (Table2, 3,Fig.1). S-100
&, synaptophysin, neurofilament, epithelial mem-
brane antigen, CD20, CD45RO, CD34, CD68, -
smooth muscle actin, Ki-67 7 £i%, 2 K[ @ 98%
BEERIZIEIC & ) O T %2 /R L7z (Table
2, 3,Fig.1A-F). S-100 & H % synaptophysin, o-
smooth muscle actin &, FEERZFICHBVTIIREHED
KT Z2RL7225, GFAP D &®D, BToRMb Mkt
BHE72 Tz (Table 2, 3, Fig. 1G-L). Keratin
&, Rk, . BB, BERCIMETEmE R LA
A, Wil B R ERICB VLTI, T LA Rkl
Wik L7 (Table2, 3). st 12KERBI D F A5, 2
REEEI L DD, SRRt RN 2RO 5
7z (Table2, 3).

UHORERPKE S, HRIZEFEICL - THY
BRI R Y, BEECHE TSR (Fig 2A-F),
MR (Fig. 2GL), REBTOREBEO I HEEX
FRT o727, MTIXEHELRERITIALONT, 3
BRI T W2 (Table4). 72, 4C T, /A
PUHFT2HMRELTYH, FLALO—RIUMKTH
B R I3 R 2 T 7228 (Table 4), Ki67 i,
NIRRT D AR BT RAE T IS BT stk Ok
TR L7 (Table4, Fig. 2F).
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Blid v EnTwb?, F 72, European Creutzfeldt-
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Table 2 Differences in staining intensity after formic acid treatment for 2 h at room temperature,
in specimens obtained approximately 2 h after death

Antibody Brain Tonsil Heart Lung Liver Spleen Kidney Pancreas Intestine
GFAP + ND ND ND ND ND ND ND ND
S-100 + ! i ND ! i ! } }
Syn ) ND ND ND ND ND ND ND ND
NF 1) i ND ND ND ND ND ND }
Keratin ND i ND 1 } ND } { 1
EMA ND 1) ND + ) ND + } +
CD20 ND i ND + ND 1 + ND 4
CD45R0O ND i ND ND ) } } ND 1)
CD34 } } + } ! ! 1) } }
CD68 1) } } + ! ! ! ! }
Actin + } } { ! ! ! ! ¢
Ki-67 ND } ND ND ! ND ) 1) 1)

GFAP: glial fibrillary acidic protein, Syn: synaptophysin, NF: neurofilament, EMA: epithelial membrane antigen.
ND: not determined, + : No difference compared to controls, | : decrease, 1 :increase.

Table 3 Differences in staining intensity after formic acid treatment for 2 h at room temperature,
in specimens obtained approximately 12 h after death

Antibody Brain Tonsil Heart Lung Liver Spleen Kidney Pancreas Intestine
GFAP + ND ND ND ND ND ND ND ND
S-100 + } ND ND } | } } i
Syn + ND ND ND ND ND ND ND }
NF } ND ND ND ND ND ND ND ND
Keratin ND } ND t + ND + } ND
EMA ND + ND + + ND + + +
CD20 ND ND ND ND ND + ND ND ND
CD45R0O ND I ND 1) } } } ND I
CDh34 ! } + ! } ! { } !
CD63 ! i + + i ! ND ! {
Actin + ) + + i } ! { +
Ki-67 ND I ND ND ND ND ND ND ND

GFAP: glial fibrillary acidic protein, Syn: synaptophysin, NF: neurofilament, EMA: epithelial membrane antigen.
ND: not determined, + : No difference compared to controls, | : decrease, 1 : increase.

Jakob Disease Surveillance network 12 8 I % 1965
DS 2010 FTHUTORME T, BREEFHICE
WTH ST sCID 2L T 5 &) i id
EoTWhWEITHBY, LirLiedrs, 71UtV
RITHRIBORVD DL, FHLETHE L
BRENTBY, FICREEOR VRS Z &) HB O
AFIHFEL TR D5HE, TEL»E ) BREOES
EROTIEEEREEZONS.

WWEOSE T, HRPLFH, AR ETRHELN
RO BB E 2B, T & ViE, 100C
DEWR A ABE, BRI % & OBE OBE T
BAREL ST, Sv<) VEZEBROBARICBVT
O REYMEDIR DY, BEHI R D LR WMEIET, B
B, sodium dodecyl sulfate (SDS) 7 & % F 7z JLBE
PRSI TS, MREAEREFICIE, WOHBL

TR E Yy MCARZR, Ay DT E 98% &
Ry WAC, IR 2 RFRRE L, RESER". —5T,
BRI RO EN & 729720, BREOBHR
FoORKHOBEE, ZENICEEL RITTWTEREDS
H5.

T F UIRBIO R HNIE, BT OB LBl iR
BaAfLCwahlddy, CJID BEIIBIT 5
BOTHM BTN TS, sCID D 45% 2%, FEH
SO FHEZITTBY, 08% X MAhiEsst
#, 18% IXRBHFHRTH o2 L OMEDL H B, £
7o, TV EHRRMERICEREICEENS D,
DRI H A LT B2, sCID 2B W Tid, H
RARERICHBBE/E L Twb b Tn b2,
vCID IZBWTIE, HRMERDIZH, Wbk, R
) UONHEE, RAEMRE, MELZSICDERES) A N
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CD20, tonsil CD34, kidney Actin, kidney

FA

Cont

_ Syn, pancreas GFAP, brain

Cont

Fig. 1 Immunohistochemistry with and without formic acid treatment
Immunohistochemistry was performed on various tissues obtained approximately 2 hours
(A-F) and 12 hours after death (G-L), with and without formic acid treatment for 2 hours at
room temperature (RT). Staining intensity decreases in CD20 (A), CD34 (B), and o-smooth
muscle actin (C) after formic acid treatment. Staining intensity for synaptophysin decreases
in the pancreas (G) but is preserved in the brain (H). Immunoreactivity of GFAP is pre-
served (I). FA: formic acid, Cont: control, Syn: synaptophysin.
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30°C

Small

Large

CD45RO, pancreas Ki-67, spleen

CD68, spleen

CD45RO, EMA, pancreas Cytokeratin, pancreas

Fig. 2 Effect of formic acid treatment under various conditions. Tissues obtained 12
hours after death were used
Effect of temperature on staining intensity in immunohistochemistry (A-F). Staining
intensity for CD45R0, CD68, and Ki-67 decreases further in tissues treated at 30°C (A-
C), compared to the intensity of those treated at 4°C. Positive immunoreaction for Ki-67
decreases even at 4°C (F). Effect of specimen size on staining intensity in immunohisto-
chemistry (G-L). Staining intensity for CD45R0O, epithelial membrane antigen (EMA), and
cytokeratin decreases more in smaller tissue specimens (G-I). Inset: Ki-67 immunostaining
without formic acid treatment.
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Table 4 Effects of temperature, time, and the size of tissues on staining intensity in immunohistochemistry

30°C, 2 h 30°C,1h 4°C,2h
Brain Pancreas Spleen Brain Pancreas Spleen Brain Pancreas Spleen
Antibody L S L S L S L S L S L S L S L S L S
GFAP + + ND ND ND ND + + ND ND ND ND + + ND ND ND ND
S-100 + + | ND ND ND + + + ND ND ND + + + ND ND ND
Syn + + + 1 ND ND + + + ND ND ND + + + ND ND ND
NF + + + ND ND ND + + + ND ND ND + + + ND ND ND
Keratin ND ND + | ND ND ND ND + + ND ND ND ND + + ND ND
EMA ND ND + 1) ND ND ND ND + + ND ND ND ND + + ND ND
CD20 ND ND ND ND ND + ND ND ND ND + + ND ND ND ND + +
CD45R0O ND ND + i + + ND ND + + + + ND ND + + + +
CDh34 + + + } + 1) + + + + + + + + + + + +
CD68 + + + ! + } + + + + + + + + + + + +
Actin + + 1) ! ! l + + + } + + + + + + + +
Ki-67 ND ND ! ! i 1) ND ND ! } ! ) ND ND + + | {

GFAP: glial fibrillary acidic protein, Syn: synaptophysin, NF: neurofilament, EMA: epithelial membrane antigen.
L: large specimen, S: small specimen, ND: not determined, + : No difference compared to controls, | : decrease, 1 :increase.

AL TWAY, CID & LCOBKIEREZ 2T 5L
HPLERET )+ VEAVPHEELTWASZ EBHS
T B AR DA ORI Tk, AR
FAREICHARER 7 F v OREIMK L, BAetkidK
WEESNTWAEYY?, UL VRBER T ) 4 VR
DOFELNLBHEOBEELZH T HHANTTLSHZ
EHMEERIN, BWOOICREREDPLEL 5
TLBWHENED 5. BERLIIC S HREgE D
BALD BN B RITT RO EETE Y, B
EHEOTIDEEZERICH > TBL I LIFHE
EZEzbhb,

SRIOBE T, —RIMRDFEERRIE R O &N
WX BEREHBHH, BRRZE X ) REREEME
T AEMD A SN ARE & X GBPRR D5,
IEFRMLIRIZ X A FLE D HER-2 score DR T & i &
NTEN”, BEENRBED S OF MBS LELGE
I, EEPLELEZ SNS. FFICKI67 ICE LTI
BEMOEKTABSICBIY, 4T 2BV TR
FeRELLZBATHo CORBUEIETZRL
72 BB BT, Ki67 Ofg gtz v/
TEREDFHE 24T 0 BUCIE, EEALELELEZ ONS.
T/, BIERHEREE, UhoRkEsaEE, 7Y
FYOREILE V) HTOERT DLEND S5,
RERE O OFMOBRIZ D EET L LEND
AHBEbhs.

KBIZBWT, HRNFEERCHR, X b gt
RINLEEHHZ EDHEIRRVFERTDH 5.
CJD OB L Tix, FIEERFIOSGE, o
BHEOERDHEEL %2 5. Alzheimer Ji 7 & O

BREMRER HORERE, BEEEREE BIE
L EMBWSNALEERY, CID & NESR & O
SASEEETH - 72817, CID ICREREE o fE & (2% )
VOSERPER MR & &0 L2610 Lo s hTw
5. WIZ CID BOERE B L - R K HY R
gliomatosis cerebri 1 dHEI N TS, TLHD
FEBI T, BIMPERIC X ) B Thh T
D, HRERELHTIN TS, SROERIE, B
ZBWTIE, 4% < &b S100 & H, synaptophysin,
a-smooth muscle actin (2B L Tid, BRMRLIETR b 4
DK TICZLL, BHCHE Y RELEELS
A WIREEEZ R L T 5.

—7%, S-100 &1, synaptophysin, o-smooth mus-
cle actin i3, FEHFFMRRFEIBA B W T, Gtk
DETAZRL. FHLEHATH-TH, MIZID
HFIERRR isoform % EIEVYEDHL0OH S Lk
v, F 72, keratin (CB L Tid, e LB LT
SR Uz, YD L oMLY & kR LB
FT5Z XY, amyloid A 7 & O 5yE Gttt A3
BTAIEMONTEBYY, HHEOERIZEN
T, BRERLHELC X ) HURMASRIE LI NS EE R
SNb. LaL7%dYS, keratin (IS L Tid, Wi
DAoL CIIFBEIMETLTEY, ZoRICHE
TAHHBRIAHATH S, T/, SEBEE LA 26T
W&, FETREERE 12 BEEBI0FA% 2 BRERBIIHA, et
HORI-N BB A b7z, LT LRI OAEREDIR
B, A~ YEET TORBERRE, Fr<) ¥
BEREZE, HrOBRRIFESG LWL ERbh
5.

—E273—



66

i

A
]

T F YANEACD 72 DIRFRILI 7S, TR
BIZBCTREEBIIRITTEELRE L. &kl
LT, FBEMET T A2MHEmA LN, BRERLE
LIS B TRERB 21T ) HEI1L, Rl
FHEIER T AL EDVHDH LB bNS.

RRENIH 72 o TRBROEIT o TV W]
TFREFRFEZTRAEY (F—) HZE, AHmEKIC
FEHWLET.

RHXOERWE, £ 98 M HAREZESKS (2009 4
5H1H~5H3H, X&) BT, BRL..

BRT R E AR 0.

1)

2)

3)

4)

X
EaREN, BB W 7 ROREMHE &R
AEROBE S, HE LK 25 1 1124-1130, 2007

BAHEEBRMEY « W AREHEERRE : [0
AV 72V bh - XYaTHEBEEY= 2TV (&EFT
W) ), BASE4E, 'R (2002)

Pauli G: Tissue safety in view of CJD and variant
CJD. Cell Tissue Bank 6: 191-200, 2005

Hamaguchi T, Noguchi-Shinohara M, Nozaki I et
al: The risk of iatrogenic Creutzfeldt-Jakob disease
through medical and surgical procedures. Neuropa-
thology 29: 625-631, 2009

Alcalde-Cabero E, Almazan-Isla J, Brandel JP et
al: Health professions and risk of sporadic

6)

7)

8)

9

10)

11)

12)

13)

Creutzfeldt-Jakob disease, 1965 to 2010. Euro Sur-
veill 17: pii: 20144, 2012

Ramasamy I, Law M, Collins S et al: Organ distri-
bution of prion proteins in variant Creutzfeldt-
Jakob disease. Lancet Infect Dis 3: 214-222, 2003
Fritzsche FR, Kristiansen G, Boesl A et al: Tissue
pretreatment with formic acid might lower Her-
cepTest scores in breast cancer. Diagn Mol Pathol
15: 237-242, 2006

Paterson RW, Torres-Chae CC, Kuo AL et al: Dif-
ferential diagnosis of Jakob-Creutzfeldt disease.
Arch Neurol 69: 1578-1582, 2012

Holmes SJ, Ironside JW, Shalet SM: Neurosur-
gery in a patient with Creutzfeldt-Jakob disease af-
ter pituitary derived growth hormone therapy in
childhood. ] Neurol Neurosurg Psychiatry 60: 333—
335, 1996

King A, Ryan P, Puranik A et al: Leptomeningeal
melanoma and Creutzfeldt-Jakob disease in a pa-
tient with chronic lymphocytic leukaemia. Neuro-
pathol Appl Neurobiol 25: 345-348, 1999

Francolini M, Sicurella L, Rizzuto N: Lepto-
meningeal carcinomatosis mimicking Creutzfeldt-
Jakob disease: clinical features, laboratory tests,
MRI images, EEG findings in an autopsy proven
case. Neurol Sci 34: 441444, 2013

Slee M, Pretorius P, Ansorge O et al: Parkinson-
ism and dementia due to gliomatosis cerebri mim-
icking sporadic Creutzfeldt-Jakob disease (CJD). ]
Neurol Neurosurg Psychiatry 77: 283-284, 2006
Kitamoto T, Ogomori K, Tateishi J et al: Formic
acid pretreatment enhances immunostaining of
cerebral and systemic amyloids. Lab Invest 57:
230-236, 1987

—E274—



	84e2000000_ページ_062
	84e2000000_ページ_063
	84e2000000_ページ_066
	84e2000000_ページ_067



