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Effects of histochemical staining in microwave-irradiated tissues

Yoon-Jin Lee, Sang-Han Lee
Department of Biochemistry, College of Medicine, Soonchunhyang University
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Abstract Despite its superior ability to show distinct cellular morphology and for long-term storage,
conventional tissue fixation by formalin has many drawback, including slower fixation, the exposure to
harmful chemicals and extensive protein modification. Herein, we assessed the effects of rapid
microwave-assisted tissue fixation on histological examination and on protein integrity by comparing
these microwave irradiation fixated tissues with the formalin-fixed tissues. One of the paired mouse
tissues (liver and kidney) was fixed in formalin and the other was fixed by using microwave irradiation
in phosphate buffered saline. Each slide from the paraffin-embedded tissues was examined by H & E
staining for the adequacy of fixation and by immunohistochemical staining for antigenicity in a blinded
fashion. Evaluation of protein recovery and the protein quality from the fixed tissues were analyzed by
the BCA method and Western blotting, respectively. The results from H & E staining and
immunohistochemical staining showed that the sections obtained from microwave-fixed tissues under
our experimental conditions were comparable to those of the formalin-fixed tissues except for the
integrity of RBCs. Furthermore, proteins were effectively extracted from the microwave-fixed tissues with
acceptable preservation of the proteins' quality. Taken together, this microwave-assisted tissue
processing yvields a quick fixation and better protein recovery in higher amounts, as well as the adequacy
of fixation and the antigenicity being comparable to formalin-fixed tissues, and this all suggests that this
new fixation technique can be applied in an environment where rapid tissue fixation is required.
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=), 23 2]F(phosphate buffered
saline-&)°] uo|A2ME RARSHO] 19
35°C =g & 80%7F F7F AL 292 37°C &2 &
BA, 392 37°C = F 80%7F 7F AL 181 4
T2 40°C =7 T FAGHI nlo]A &2} A S=
H 2AZ 30% ogZol dol =2AAZ7|(Citadel
2000, Thermo Shandon, United Kingdom)olA &
=, wEbe A2 9 weby mu) 3E Agcty EE5S
Azt vto] Z2E(RM2255, Leica, Germany)©ll
A 9k 4 pm FAR dEst AHES &ato|=of Fabst
of AXAIR] = & g2t uT g AFE AA FRFE
M|Z5tH o™, hematoxylin & eosin (H & E) 947}
HASIE G AASTE.

22 H&E gM
H & E 9L Harris hematoxylingGAH[9]o] wh=}

AAEGL 24 &Eto|EE 60°C 280 1417 B
gt ¥ xylene-&Hol| 584 33] Helsto] & TS
Algt = ofgkE Aot 4] I7E AA hematoxylin
o7 158 dASIGIT oA, 1% HCL A2, A1, 1%
dryol A7 & 4] IS AX eosin§HolA] 3E
7 AgE & A, olghE AP 2 xyleneXHTHE S
AA Edote] Fstan|F o ISt FE-2 e
&2 A 9JF5to] Meenakshi Tripathi#[1]o] =
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7: §<4(excellent), 58 W 2<=(outstanding) & 3
S5 viA 24 ot 3, HEE Falste] 7-137: B
14-207: A4, 21-274: ¥35, 28-34%: <, 344
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2.3 HAslS}

&0t HEZ xylene&olA & miebd gt
100%, 95%, 70% % 50%9] olgheo] a0z e
5t 3 BHS AASE T Histostatin®-Plus Bulk
kit (Invitrogen, USA)E AF&-3lo] H R 2|56t
AAJI9 &gto|=of -89 A (serum blocking solution)
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£ HUbote] A2oA 1087 Ao, 12 ZA=
4°Co|A "l 9RgAIAT e, 89 B (Hlol &St
221 Aol 3087, 894 C (streptavidin-peroxidase
conjugate)ol] 10%¢+ BESAK] & 3,3-diaminobenzidine
tetrahydrochloride (DAB)Z 1837t @AAIZHOH, A
A 9 g5 IS AA permountZ E-Ysto] JEd
njgog A5t Anti-hepatocyte antigen (1:50;
Dako,
Laboratories, Inc., USA)?} anti-human cytokeratin
7 (1:50; Leica Biosystems Newcastle Ltd., United
kingdom)¥} anti-CD10 (1:100; Leica Biosystems
Newecastle Ltd., United kingdom) FAE 12} FA=
AR&SHRT

Denmark), anti-vimentin (1:50; Zymed

Sk
Faurdy} nfojg2utz 1A 7H L A1 230
RIPA §H(1X 4t &F A¥, 1% NP-40, 0.5%
sodium deoxycholate, 0.1%
sulfate, 10 xg/ml phenylmethanesulfonylfluoride)
= 371t & 2ZHEH|E ol&ste] 2AGAS A
Zotqieh. 2285 5 ul9t BCASH(ARH : B&A=
50 : 1) 200 plE 96-well microplated] #7}5}o]
37°C B271914 3087 §EEAIZL &, 562 nmolA &
Jes =24519ct #F @A (bovine serum
albumin)2 &% ¥(0, 200, 400, 800, 1600, 2000
g/mDE 3|&ste] 99t A% o R AT #E I
Aof| Hgsto] A5 T & A5t

sodium dodecyl

2.5 Western blotting

40 pg® Dido] =3k 22 83iHE NuPAGE
4-12% bis-tris polyacrylamide Z(Invitrogen)°lA]
EZ3t & PVDF membranel 2 o]FA|F oW, 13} 3
A= 2417t Al D horseradish peroxidase (HRP)
7} A% 2&F FA|(1: 5000 SADZE 1417 B9 A0
Al BREAIFTE ECL&AS AEgt & X-ray TFOIA
ERe®} p-actin Tl WHEE 2RIsIGIr}. Anti-ERe
(1:500 3]4; Santa Cruz Biotechnologies, )2} anti-
B-actin (1:1,000 3]4; Sigma) TAS 13} FAE A
&sksich
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B9 SpSS Z 2 13(SPSS Inc., version
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17.0, Chicago, USAYE ol&sto] AaE Haghd B&
HAE EASIGoH, dYHR] EAREA(One-way
ANOVA)CZ p < 0.05 FFol|lA] th2atT Hlwat Ao]
9] foldEe ASsHArh

=2 HOo

3.

1}

31 H &E &M

& 52719 2R Al vo|AzE AR
4712 A1 35°C & & 8027t 57t AL 23
37°C =2 & F4], 3% 37°C EF & 80%7F &7} A
2], 47 40°C =2 & FANOIA 2T & H& E &
< Asto] 22 AW JHIE BUlst] z2TY
=3} Bl 2919] B2 AEo7t A Aa d
ol AAE Wy 71 wet Bristles, dnl
AAPlA mlolazut 1 123 27oMs 2E2TY 1

e
1%

Aol wlofo] AZAL e A Feho} 2 o)
7t A5k ekokom, HETo] HuA ado] Fhawo]
o m@7le HYcKTable 1).

Table 1. Overall grade after H & E staining in
formalin-fixed and microwave-irradiated

tissues.
Formalin Microwave irradiation
Tissue fixation Group 1 Group 2 Group 3 Group 4
(12 cases) (8 cases) (6 cases) (6 cases) (6 cases)
. 21.7 14.0 15.5 22.0 20.0
Liver . . .
(good) (fair) (fair) (good) (fair)
Kidne 19.6 13.0 14.5 19.5 19.7
Y (faiD (oo  (fai)  (fai)  (fain)
Ay

slolZzut 14 353t 42N @] FHRA
o] QgiAE, A 23, AR A, Bl A,
garol e, AAA Fel, DA 4 e Solal

=Y 174 2AUE FATHOR GF Hol7t 9

1=

o, 7 24 HRoA zadd 2y g5t 2
Rl A ke d= £ F7E HEHHFs.
1A-B).

upo] A 2ukg AR IF 22 37olA Al 53 A
zd 9 o eyt diAder sty (Fig.
2A-0), A1 24 42olA A3 A FeEjolA Zad
A uy2Y 53 235 HYIcKFig. 2D-F.
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W Formalin (] Microwave 3 group Microwave 4 group

S A SIS,
SIS IS IS,
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outline detail detail integrity appearance morphology  staining

W Formalin [ Microwave 3 group B Microwave 4 group

[ A

Callular Cylnplasrmc Nuclear  Erythrocyte Lymphocyte  Qverall Qverall
outin detail integrity appearance morphology ~ staining

Fig. 1. Scores of seven parameters between formalin-
fixed and micorwave-irradiated tissues. (A)
liver tissues (B) kidney tissues. *p < 0.05 vs. the
respective formalin- fixed group.

Fig. 2. Representative H & E staining between formalin-
fixed and micorwave-irradiated tissues. (A-C)
Liver tissues. Formalin-fixed (a), microwave-
irradiated Group 3 (b), and microwave-
irradiated Group 4 (c). (D-F) Kidney tissues.
Formalin-fixed (d), microwave-irradiated
group 3 (e), and microwave-irradiated group 4 (f).

@7AolnlE Fslad 7kt ARFRZ A 9o} =
3 207 At A3}, mlo]a gyt 1T 173 2

oA Zawg] 1AL vt Y HrE Hrh
7t 2o HE nlola =t 11 33(37C, 802Et A
)T 4H40C TY T AA)o)A Zawr 1A =
s 01'%94 s E‘;’iﬂﬂl A 22 oA 47(40T
TG 3 FAoj|lA $<=35t BIFE WITHTable 2). &3]
AR ZAL U]—O]ﬂi.u]— A 47 xﬂgo}—p_ ko o
7FE Bglow, o3 gw} 1 4782 T £7] BToA

Zegdl 14T 5 23S UERth

Table 2. Overall grade after H & E staining in
formalin-fixed and microwave-irradiated
tissues (KP&T).

Formalin Microwave irradiation
Tissue (fsixj:;z) Group 1 Group 2 Group 3 Group 4
(6 cases) (6 cases) (6 cases) (6 cases)
Li 21.0 20.0 20.0 21.0 21.3
ver (good) (fair) (fair) (good) (good)
Kidne 26 14.0 15.0 14.0 23.0
eney (good) (fair) (fair) (fair) (good)
3.2 Hoiglsh Al
H & EGMollA F53t Ziks Hel vpo]A&w} 117

3T 3’—}4 o]l A ?:‘% ZA H2Z 439 FAE ol&sto
A Wl g7k
sttt 7+ ZZ9)A hepatocyte antigen¥} CD10<,
A% 2A0)A vimentind} CK-7& WS}t oz
sholgt Ax}, 7F 2|04 hepatocyte antigens L2
O 1to] hA|ao] ArgstA M=o 7 <=5t

on, CD10Z vl & Zpol7} glditt. A7 =4
oA vimentin®} CK7-2 wto]Z 21} 1178 404 7
<r5AtHTable 3).

Table 3. Immunohistochemical analysis in formalin-
fixed and microwave-irradiated tissues.

TS Microwave Microwave
Formalin fixation
Tissue Antigen group 3 group 4
0 + ++ +++ 0 + 4+t 0+
Hepatoyte 4 9 9 5 6
antigen (31% (69% (100% 4% (5%
Liver
CD10 2 11 1 8 17
(15% (85% (11%) 9% (1399879
Vimentin 5 11 18 8 1
1% 79% 1% 6% ©99(11%
Kidney
K7 11 6 3 3 7 1
(79% (21% 670 33% (27% (649 (9%)

0: negative, +: weak, ++: moderate, +++: strong
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Fig. 33} 4014 Bz le} o] P949] B2 o
2 o}55l9lon, HlEold WA} WkSE Wkt Hepatocyte
antigen¥} CD10<2 A FHOA & HR35190H,
zETY 1PN thd AsHA A= ATKFig. 3).
Z2)9] AREAWA F55t
17 4ol A T 4%t

Vimentin¥} CK-72 A%
Al GAE o, uto]ZZ2u}
IS HHHFig. 4).

Fig. 3. Representative immunohistochemical staining
of hepatocyte antigen and CDI10 in liver
tissues. (A-C) Hepatocyte antigen. (D-F) CD10.
Formalin-fixed (a, d), microwave-irradiated
Group 3 (b, e), and microwave- irradiated
Group 4 (c, f). x100

ZEgPoR IHAR] AT gt 220004 vl
Aznz 373 22(40°C, 45°C, 50°COlA 80% E
£ 1202 2APOIA Do) Slate A5 25t
o, 2245 RIPAZAoINZTE Zafste] 22| &3
Ae Azt 5 BCAR wat e F=E S
o EERY g9 22U 0 & 5L AAEg
ZH Y A ERA oAM= el o] HEo] 79 offoix|A]
ooy, ol rutE FARE 24 BRI 14 3
e AAA e dEe] 233 fARE s
o] FEHUHFig. 5A).

FAoA F&3 Dol A FrE 915t Western
blotting 0 & fAEEA 8Ale (ERe)9] HE A%E
ZARSRIL,. whola2nt 317 £29] 79 ERe T

¢

421

Fig. 4. Representative immunohistochemical staining
of vimentin and CK-7 in kidney tissues. (A-C)
Vimentin. (D-F) CK-7. Formalin-fixed (a, d),
microwave-irradiated Group 3 (b, e), and
microwave- irradiated Group 4 (c, f). Arrows
indicates glomerulus. x100

A

20 W Liver [ Kidney

Protein conc. (ug/l)

Control ~ Formalin Formahn 40°C 45°C  50°C 40°C 45C  50°C
80sec  B0sec  80sec 120sec 120sec 120sec

B Microwave

80 sec 120 sec

Control 40°C 45°C 50°C 40°C 45°C 50°C

) (RN —— — -j ERa
Liver j pactin
. == w— | ERq
Kidney _
B-actin

Fig. 5. Protein quantification and ERe detection in
cell lysates extracted from formalin-fixed and
micorwave-irradiated tissues. (A) Measurement
of protein concentration (B) Western blotting
analysis of ERa.
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A e, AAH 94 e SolA 2EU™ 174 240
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St} oleigt Ak A4 24, vlolAmut e 24 =
2, Az Ul A8 8 59 Aolo] YIS FoE
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HRITH16].

ulo]lZ 20} 1 229 Eﬂg‘@rﬁ]‘ 4 A= H &
E 94 ZAxel SARE AxE B on, hepatocyte
antigen X2 7YHoA] 94519 9, vimentin
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