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Summary. We wanted to examine the effect of antigen 
re trieva l o n epoxy sections w here the ti ssue had been 
in f ilt ra ted by res in co nta ining mode ra te ly in c reased 
amounts of acce lerator. T he concentration of acce lerator 
DMP-30 (Tri (Dim eth yl A mino Me th yl) Phe no l) was 
vari ed in the range of 0% to 4% in the infiltratio n step of 
the tissue process ing. Some of the epoxy sections were 
fi xed in osmium te troxide, and fo r o thers thi s fixa ti ve 
wa avo ided . Immunogo ld labe ling was perfo rmed on 
epoxy sectio ns and L R-White sec ti ons o f rena l ti ssue 
with IgG-deposi ts, and the antibody used wa anti-IgG . 
Antigen retrieva l was pe rformed by heating the sections 
in c itrate bu ffe r. The amount of immunogold labe ling on 
retrieved sections increased accord ing to the amount of 
accelerato r the non-osmicated epoxy sections were based 
o n in th e in filtra ti o n s teps. Fo r the osm ica ted e poxy 
sectio n these differe nces were less pro no unced. The 
immunogold labeling o f retrieved epoxy sections was up 
to 70% of LR-White labeling . In add ition to brea king 
fixa tion bond int roduced by the chemica l fi xa tio n, we 
be lieve tha t th e antige n re tri eva l a lso b reaks bo nds 
between the epoxy resin and the embedded tissue. T he 
combin ation of increased amount of acce lerator in the 
ti ssue in filtrat io n and antigen re tri eval by heating the 
sections in citrate buffe r is a good method (or improv ing 
the immuno labe ling of epoxy sections. 
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Introduction 

Acry lic re ins are usual ly bette r suited fo r immuno
labe ling than convent ional epoxy resin ( ewman, ] 989; 
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Brorso n and Skj0rten, 1996a). Especia ll y large pro te ins 
have been di fficult to imm uno label on epoxy sect ion , 
w hile small antigens are easier to immunolabel on these 
sectio ns (Ottersen, 1989; Bro rson and S kj0rten, I 996a). 
The reason wh y ac ry lic res ins are ofte n prefe rred in 
immun oe lec tro n mi c rosco pi ca l proce du res is th e 
fo llowi ng : epoxies are able to (orm cova lent bonds w ith 
bi o log ica l mater ia ls , pa rti cul a rl y w ith pro te in s. Co
po lymeriza tion of epoxies w ith embedded ti ssues occurs, 
w hi le po lyme ri zed ac ry li c res ins surro und em bedded 
ti ssues w itho ut bin d ing to the m. Accord ing ly, du ring 
c leavage th e be hav io ur of e pox ies a nd ac ry li cs is 
di ffe re nt fro m each oth er. W itho ut co-polyme ri zation 
(acry lics) , the surface of cleavage te nds to fo llow the 
areas of leas t resis tance, e .g., th e inte rfaces be twee n 
res in a nd pro te in s . In epoxy - e mbedd ed ma te ri a l, 
howeve r, th e res is ta nce in th ese in te r faces is no t 
s ig nificantl y less than in proteins. When c utting epoxy
embedded ti ssue, the surface of cleavage has g rea te r 
ten de ncy to di v ide the pro te in s ( Ke ll e nberger e t a I. , 
1987) . According to thi s th eory of Ke lle nbe rge r, th e 
surface of conventional epoxy sections is smoother than 
LR-W hi te sections. Epoxy sections usuall y g ive be tt e r 
p rese rva ti o n of ultr astr uc tura l de tai ls tha n ac ry li c 
sec ti o n , th ey a re m ore s tabl e w he n ex posed to the 
electron beam, and epoxy res in blocks are also eas ier to 
tr im a nd c ut. Severa l me thods have been appli ed to 
e nh a nce th e immun o labe lin g fo r e p oxy sec ti o ns 
(Bro rson, 1998) inc lud ing etching with chemicals (e .g. 
sodium etho xide) (Mar and Wig ht, 1988; Bro rson and 
S kj0rte n , 1995 ; 1996b ; S tirlin g a nd G raffs, 1995; 
Bro rson, 1997a), and by large increases in the amount of 
acce lerator in the in fi lt ra tion and embedding steps w hen 
process ing th e ti ss ue ( Bro rso n a nd S kj 0 rt e n, L996c; 
Bro rson e t a I. , 1997). T he hi gh-accelera tor method is 
especia ll y useful for labeling la rge prote ins (Brorson and 
S kj0rte n, 1996c), and thi s method has bee n used fo r 
ro utine immunoelectron microscopy on renal biops ies in 
order to detect immune complex depos its (Brorson et al. , 
] 997). T he mechanism behind the increased immuno-
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labeling on high-accelerator epoxy sections is thought to 
be reduced co-polymerization between the tissue and the 
resin. But th e high-accelerator me thod for routine 
immunolabeling of renal biopsies also has its short
comings due to reduced infiltration properties, reduced 
contrast of the specimens, and to the phenomenon that 
renal biopsies with high-accelerator cannot be processed 
in an ultraprocessor together with other tissues. There
fore , it would be desirable to have a method reducing 
these problems. Since several researchers have had good 
experiences with antigen retrieval by heating the 
sections in citrate solution (Boon and Kok, 1994; Wilson 
et aI., 1996), it is reasonable to examine if a combination 
of such heating of the sections and a moderate increase 
in the amount of accelerator in the infiltration of the 
tissue gives improved immunolabeling. 

Materials and methods 

Antibody: rabbit anti-swine-IgG (1:200) (Nordic, 
Tilburg, Netherlands). 

Colloidal gold probe : Goat anti-rabbit IgG , 
Auroprobe EM Gar G15 (Amersham, Little Chalfont, 
Bucks, England). 

Substrates: Kidney ti ss ue was obtained from 
Yorkshire swine (from the slaughter house 30 min after 
death) . The swine kidney tissue included glomerular 
immune complex deposits with immunoreactivity 
against IgG. 

Procedures 

The tissue was cut into small pieces (<1 mm), fixed 
in 4 % para formaldehyde and 1% glutaraldehyde in 
phosphate buffer (pH 7.3) at 4 °C overnight, and washed 
for 2 hr with 0.2M cacodylate buffer (pH 7.3). Some of 
the specimens were postfixed in 1 % osmium tetroxide in 
0.2M cacodylate buffer for 1 h or 2 h prior to embedding 
in epoxy resin. 

Embedding in LR-White (London Resin Company 
Ltd, Basingstoke, Hampshire RG22 5AS, UK): 
1) 70% ethanol for 20 min. 
2) 2 x 96% ethanol for 20 min. 
3) Mixture of LR-White and 96% ethanol (1: 1) for 2 hr. 
4) Pure LR-White for 5 hr. 
5) Embedding: In gelatine size 1 capsules. 
6) Polymerization: 56°C for about 40 hr. 

Embedding in epoxy resin: the tissue was dehydrated, 
infiltrated and embedded according to the following 
procedure: 
1) 70% ethanol for 20 min. 
2) 96% ethanol for 20 min. 
3) 3 x 100% ethanol for 20 min each. 
4) 3 x propylene oxide for 20 min each. 
5) Mixture of 50% LX-I12 (Epoxy resin from Ladd 

Inc. , Burlington, Vermont, USA) and 50% propylene 
oxide for 6 h 

6) Pure LX-112 mixture for 10 h. 
7) Embedding: pure LX-112 mixture. 

The concentration of accelerator (DMP-30) was 
varied in the infiltration steps. We use the following 
nomenclature to describe the concentrations of 
accelerator in the infiltration and embedding s teps 
(Brorson and Skj0rten, 1996c). The term "[x.y.z]
embedding" will describe an infiltration-embedding 
procedure with x% accelerator in the first infiltration 
step (where epoxy resin and propylene oxide are mixed), 
y% accelerator in the second infiltration step (with pure 
epoxy resin) and z% accelerator in the final embedding 
step (The concentrations of accelerator refer to the LX
mixture before being eventually mixed with propylene 
oxide). Similarly, [x.y. zJ-sections are cut from specimen 
blocks that are produced by [x.y.z]-embedding . The 
following 4 types of epoxy embeddings were used: 
[0.0.2], [2.2.2], [3.2.2], and [4.2.2], which means that the 
concentration of accelerator was varied in the range of 
0 % to 4 % in the first infiltration s tep (the res in/ 
propylene oxide s tep) . The specimens were embedded in 
gelatine capsules and polymerized at 56 °C for 3 days. 

Cutting 

Thin sections with gold interference color of LR
White , and epoxy-embedded tiss ue were cut with a 
diamond knife (Jumdi , Juniper Ultra Micro, Stockholm, 
Sweden) on an LKB 2088 UItratome Y. The sections 
were mounted on 200-mesh nickel grids. 

Antigen retrieval 

Some epoxy sections based on different amounts of 
accelerator ([0.0.2], [2.2.2], [3 .2.2], and [4.2.2)) and with 
or without postf ixing with osmium tetroxid e were 
exposed to heating in citrate buffer (0.01 M, pH 6.0) at 
95 °C for 15 minutes in a PCR-machine (GeneAmp 
2400, Perkin Elmer). 

Immunoprocedure 

Immunogold labeling was performed on grid
mounted sections floating in drops according to Brorson 
et al. (1994). Osmicated epoxy sections were oxidized 
by saturated NaI04 for 1 h at room temperature before 
the antibody-incubation. An incubation step with 10% 
BSA (diluted in PBS, pH 7.2) for 4 hours was introduced 
prior to immunolabeling to block non-specific labeling 
(Brorson, 1997b). The primary antibody, anti-IgG, was 
diluted in 10% BSA, and the incubation was carried out 
overnight at 4 0c. The secondary immunoreagent (anti 
bodies coupled to 15 nm colloidal gold particles) was 
diluted in 10% BSA, and the conditions of incubation 
were 75 min at 22 °C. After immunolabe ling, the 
sections were stained with 5 % uranyl acetate in 30% 
ethanol for 20 min, and Reynolds lead citrate for 20 min. 

Immunostained sections were examined and 
photographed in a trans mission electron microscope 
(Jeol 1200 EX). The calibrated magnification was 
determined with a replica grid (2160 lines/mm cross 
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ruled grating replica). The sections of glomerular tissue 
were photographed at a display magnification of 
xIO,OOO. Measurements and calculations from the 
photographs were performed in the following way: areas 
of antigen location on the sections were randomly 
chosen and examined for degree of labeling in terms of 
number of gold particles per ,tlm2. In each case 10 
photographs from ten different locations were used for 
the calculation of the number of gold particles per .um2. 

The photographs were scanned into a Power Mac 
6100 with Adobe Photoshop, and areas and the number 
of gold particles were automatically counted by the 
image process ing program NIH-Image 1.60. The relative 
labeling was finally expressed relative to the immuno
gold labeling of the LR-White sections which was set 
equal to 1.00 as the reference value (a relative labeling 
of 1.00 is equal to 211 gold particles per .um2). 

Results 

Wh en comparing the labeling of retrieved non
osmicated epoxy sections, the immunogold labeling was 
more intense the more accelerator their tissue processing 
was based on; the relative labelings were as follows (± 
standard error): [0.0 .2l-sections: 0.35±0.04; [2.2 .2]
sections: 0.51±0.04; [3 .2.2]-sections: 0.56±0.03; [4.2.2]
sections: 0.67±0.03. The labeling for IgG on retrieved 
[4.2.2]-sections was about 70% of the labeling on LR
White sections (Fig. 1). For osmicated epoxy sections 
exposed to oxidation and antigen retrieval the tendency 
of the results was somewhat different in the sense that 
there were no significant differences in the immunogold 
labeling on [2.2.2]-sections (reI. label.=0.35±0.03), 
[3 .2 .2l-sections (reI. label.=0.33±0.02), or [4.2.2]
sections (reI. label.=0.32±0.02). There was a clear and 
significant difference in immunolabeling between these 
three types of sections on the one hand and the equally 
treated osmicated [0.0.2]-sections (reI. label.=0.16±0.01) 
on the other. There were no significant differences in 
immunolabeling due to if the tissue was fixed for 1 h or 
2 h in osmium tetroxide (Fig. 2). In all cases the labeling 
for IgG was less intense on oxidized and retrieved 
osmicated sections than on retrieved non-osmicated 
sections. The non-specific background labeling on the 
g lomerular tissue on oxidized, retrieved osmicated 
epoxy sections was about 15% of the specific labeling, 
while the non-specific labeling was about 5 % of the 
specific labeling on the retrieved, non-osmicated epoxy 
sections . The non-specific labeling on the retrieved 
sections did not increase significantly in the direction of 
increased amount of accelerator. Osmicated sections 
which were not exposed to antigen retrieval or oxidizing 
were negative for specific labeling against IgG, and non
retrieved, non-osmicated [0.0.2]-sections were almost 
negative (reI. label.=0.03). 

The ultrastructural preservation of both osmicated 
and non-osmicated sections seemed good, but the cell 
borders were more distinct on the osmicated sections. 

Fig. 1. The immunolabeling of immune complex deposits with anti-lgG 
in (a) [0.0.2]-section , (b) [4.2.2] -section , and (c) LR-White section . 
These sections are not osm icated , and (a) and (b) are exposed to 
antigen retrieval , while (c) is not retrieved. For the [0.0.2]-section the 
immunolabeling is distinct, but not very intense, while the labeling on the 
[4 .2.2]-section is distinct and intense, and only about 30% less intense 
than for the LR-White section. x 27,300, Bar: 500 nm. 



154 

Epoxy resin and antigen retrieval 

The sections which were oxidized by NaI04 were paler 
than other sections. The contrast of all the retrieved, 
non-osmicated sections was the same as that observed 
for conventional epoxy sections. 

Discussion 

Over the last years methods have been developed 
where sections are heated in a retrieval medium to 
enhance the immunolabeling of antigens for immuno
histochemistry (Taylor et aI., 1996). The mechanism for 
antigen retrieval by heating in citrate buffer is assumed 
to be the breakage of some of the fixation bonds 
introduced by the chemical fixation, and thereby the 
epitopes are more recognisable for the antibodies (Boon 
and Kok , 1994). We believe that an additional 
explanation is needed to understand the mechanism for 
antigen retrieval of epoxy sections. When embedding 
tissue in epoxy resin, co-polymerization occurs between 
side groups of proteins and the polymer chains (Causton, 
1984; Kellenberger et aI., 1987), and this results in fewer 
epitopes exposed at the surface of the epoxy sections 
than on the LR-White sections, especially for large 
proteins (Brorson and Skj0rten, 1996a). We believe that 
the reactions between side groups of proteins and the 
epoxy polymer often occur with the fixative as a link. 
When the tissue is fixed, side groups of proteins 
(especially -NHz groups) are occupied by the fixative. 
This often occurs in a non-crosslinking way so the 
aldehyde molecules have one free reactive group. When 
the fixed tissue is embedded in epoxy resin, the epoxy 
chains may react with the fixative molecules attached to 
the protein, and thereby the protein and the epoxy resin 
are co-polymerized. When the epoxy sections are 
exposed to antigen retrieval by heating in citrate buffer, 
the bonds between fixative and proteins are broken. As a 
result of this breakage, the proteins are at least partly 
released from the epoxy network, and more epitopes are 
exposed to the immunoreagents because of a superficial 
deplasticizing. There are fewer bonds between the epoxy 
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Fig. 2. The relative immunolabeling (with standard deviation error bars) 
for IgG on osmicated [0 .0.2]- and [4.2 .2]-sections atter exposure to 
oxidizing and antigen retrieval. There are no significant differences if the 
osmium fixation has endured for 1 h or 2h. 

resin and the tissue when more accelerator is used in the 
processing (Brorson and Skj0rten, 1996c). The 
observation of higher immunolabeling of the retrieved 
epoxy sections with more accelerator present shows that 
breakage of epoxy-protein bonds in the low accelerator 
epoxy sections is not enough to surpass the combined 
effect of reduced co-polymerization in the accelerator
increased epoxy sections and the breakage some of its 
relatively few epoxy-protein bonds by retrieval. 

Osmium tetroxide is a strong fixative, not only for 
lipids, but also for proteins, and therefore contributes to 
bind the proteins more strongly in the network of 
proteins, fixatives and epoxy resin . When the sections 
are exposed to NaI04, the negative effect of osmium 
tetroxide on the immunolabeling is only partly reversed. 
We believe that this effect of osmium tetroxide smoothes 
out the effect of increased accelerator on the immuno
labeling for [2.2 .2]-sections, and [3.2.2]-sections and 
[4.2.2]-sections in such a way that significant differences 
in immunogold labeling cannot be discovered by the 
present method . Prolonged fixation with osmium 
tetroxide may cleave proteins (Baschong et aI., 1984), 
and this effect cannot be reversed by oxidizing with 
NaI04 . Since there were no differences in the 
immunolabeling if the osmium fixation lasted for 1 h or 
2 h, we believe that the IgG antigens were not 
increasingly cleaved by osmium fixation by extending 
the duration of the fixation from 1 h to 2 h. 

In conclusion, we have established that a moderately 
increased amount of accelerator in the infiltration of 
kidney tissue with epoxy resin gives a significant 
increase in the immunolabe ling of IgG on immune 
complex deposits when the sections are heated in a 
citrate solution. We recommend a [4.2.2]-embedding 
without osmium to obtain a good immunolabeling with 
low background labeling and good contrast. This 
embedding method is compatible with processing in an 
automatic ultraprocessor together with most other 
tissues . Since this resin is less viscous than high
accelerator epoxy resin ([8.4.6]-embedding), the 
infiltration of most tiss ues will be non-problematic . 
Combined with antigen retrieval by heating in citrate 
buffer, [4.2.2]-sections give almost as high a labeling as 
LR-White sections, and epoxy sections are to be 
preferred because of good ultrastructural preservation, 
better sec tioning qualities and better stability in the 
electron beam. 
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