J Bone Miner Metab (2008) 26:110-113
DOI 10.1007/s00774-007-0788-2

© Springer 2008

RAPID COMMUNICATION

Samirah Abreu Gomes - Luciene Machado dos Reis
Ivone Braga de Oliveira - Irene de Lourdes Noronha
Vanda Jorgetti - Ita Pfeferman Heilberg

Usefulness of a quick decalcification of bone sections embedded in methyl
metacrylate: an improved method for immunohistochemistry

Received: March 26, 2007 / Accepted: June 29, 2007

Abstract Immunohistochemistry of undecalcified bone sec-
tions embedded in methyl methacrylate (MMA) is not com-
monly employed because of potential destruction of tissue
antigenicity by highly exothermic polymerization. The aim
of the present study was to describe a new technique in
which a quick decalcification of bone sections embedded in
MMA improves the results for immunohistochemistry. The
quality of interleukin 1o (IL-10r) immunostaining according
to the present method was better than the conventional one.
Immunostaining for osteoprotegerin (OPG) and the recep-
tor activator of NF-xB ligand (RANKL) in bone sections
of chronic kidney disease patients with mineral bone disor-
ders (CKD-MBD) was stronger than in controls (postmor-
tem healthy subjects). The present study suggested that this
method is easy, fast, and effective to perform both histomor-
phometry and immunohistochemistry in the same bone
fragment, yielding new insights into pathophysiological
aspects and therapeutic approaches in bone disease.

Key words bone - immunohistochemistry - methyl methac-
rylate - osteoprotegerin - chronic kidney disease

Introduction

Plastic embedding, especially with methyl methacrylate
(MMA), provides many advantages for bone histology anal-
ysis. In this procedure, the preservation of structural details
is usually excellent. However, it leads to severe chemical
alterations of the tissue and thereby prevents the successful
application of immunohistochemistry [1]. It has been recog-
nized for a long time that minimizing polymerization tem-
peratures during the MMA embedding process is critical for
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preserving the tissue enzyme activity and antigenicity [2]. In
1992, Wolf et al. [3] described a MMA technique involving
such procedures. However, it involved tedious purification
and destabilization of the methacrylate components. In
1997, a study obviated the need of this purification [4]. A
subsequent report by Yang et al. [5] has shown antigenic
preservation in undecalcified trabecular bone following
embedding with Technovit 9100 New. In a previous study
[6], we were able to show, by means of immunohistochem-
istry in undecalcified MMA bone sections, the expression of
cytokines such as interleukin (IL)-1f3, tumor necrosis factor-
alpha (TNF-a), transforming growth factor-beta (TGF-p),
and basic fibroblast growth receptor (bFGF) in iliac crest
bone biopsies from chronic kidney disease patients with
mineral bone disorders (CKD-MBD patients). In the
present investigation, we aimed to demonstrate that a quick
decalcification of bone sections embedded in MMA
improves the results for immunohistochemistry.

Patients and methods

Undecalcified bone fragments obtained from 10 iliac crest
bone biopsies previously performed in CKD-MBD patients
and 10 postmortem bone samples from healthy subjects,
used as controls, were included. This study was approved by
the Ethical Committee of the Federal and State Universities
of Sao Paulo, and all patients had signed a written consent
by the time those bone biopsies had been performed.

Interleukin 1o was used to show the comparison between
the conventional and the present method. Osteoprotegerin
and RANKL were chosen for testing immunostaining
because of their abundance in bone tissue and importance
as key regulators of bone remodeling.

Bone sections were deacrylated in a 1: 1 mixture of xylene
and chloroform for 30min, rehydrated in graded alcohol
solutions, submitted to a quick decalcification with 1% acetic
acid for 10 min, rinsed twice with distilled water, and treated
with 0.1% Tween 20 in phosphate-buffered saline (PBS).
Endogenous peroxidase activity was inhibited by a mixture
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Fig. 1. Comparison of immuno-
histochemical reaction in a nega-
tive control (omitting the primary
antibody) revealing no labeling
using the conventional method
(A) or the present method,
showing no background (B). IL-
lo. immunostaining in a chronic
kidney disease patient with
mineral bone disorders (CKD-
MBD) performed by the conven-
tional method presented marked
labeling (brown) with a slight
background (C), and marked
labeling (red) through the new
method (D), with no background
and better quality

of 3% hydrogen peroxide in methanol for 30 min, followed
by two water washes. The samples were incubated with
avidin-biotin solutions and with 5% normal serum from the
same species of secondary antibody with 1% bovine serum
albumin (BSA) to block nonspecific bindings. Sections were
incubated overnight at 4°C in a humidified chamber using
primary goat monoclonal antibody antihuman osteoprote-
gerin (OPG) (dilution 1:80) and goat monoclonal antibody
antihuman RANKL (1:150) in 1% bovine serum albumin
(Santa Cruz Biotechnology, Santa Cruz, CA, USA). After
incubation with the primary antibody, sections were rinsed
in PBS, incubated with matching biotinylated secondary
antibodies, and blocked with 5% human serum. The slides
were then incubated with streptavidin ABC complex/HRP
(ABC, 1:300; ABC kit; Vector, Burlingame, CA, USA) for
30min. Antigen—antibody complexes were visualized using
a 3-amino-9-ethylcarbazole substrate chromogen (AEC)
(Sigma Chemical, St. Louis, MO, USA). The sections were
rinsed in distilled water and counterstained with Mayer’s
hemalum solution (Merck, Darmstadt, Germany). Simulta-
neous negative controls were carried out by omitting primary
antibody in all sections.

Quantitative expression of OPG and RANKL in bone
biopsies was measured by the point-counting technique [6]
at a magnification of 100x and using a 176-point ocular grid.
Counting was performed on 25 microscopic fields for each
bone sample. Each point was counted as either “positive”
or “negative.” The area of immunopositivity in the tissue
was determined by the number of positive points in the
tissue compared to the total number of points. The results
are expressed as a percentage of total tissue. Unpaired ¢ test
was used to compare results from both groups. The level of
significance was set at P < 0.05.

Results

Figure 1 shows the comparison between the conventional
immunohistochemical technique [6] and that performed in
the present study utilizing IL-1o in bone tissue of a CKD-
MBD patient. Absence of immunostaining and no back-
ground in the negative control (omitting the primary
antibody) with the present technique (Fig. 1B) compared
with the conventional method (Fig. 1A) were observed. IL-
1o bone immunostaining with the new technique (Fig. 1D)
also presented better quality than the conventional method
(Fig. 1C). OPG and RANKL bone expression in CKD-
MBD patients is shown in osteoblasts next to the osteoid
surface, in some medullary cells, in mature osteocytes, in
Fig. 2. Toluidine blue staining is shown to evidence osteo-
blast localization (Fig. 2A,D), and higher reactivity for both
OPG (Fig. 2B) and RANKL (Fig. 2E) was observed in a
CKD-MBD patient when compared with a healthy subject
for OPG (Fig. 2C) and RANKL (Fig. 2F), respectively.
Mean values of OPG and RANKL bone immunostaining
in CKD-MBD patients were significantly higher than in
healthy subjects (3.6 + 2.1 vs. 0.1 £ 0.1 and 3.7 £ 2.0 vs. 0.2
£ 0.1%, P < 0.0005).

Discussion

Methyl methacrylate embedding allows a distinction
between mineralized bone and unmineralized osteoid,
with an excellent preservation of the bone and cellular
structures, which are mandatory for a reliable bone histo-
morphometric analysis. However, it interferes with immu-



Fig. 2. Osteoblasts are stained with toluidine blue (arrows) in a CKD-
MBD patient (A); osteoblasts along the trabecular borders and medul-
lary cells (arrows) are markedly labeled in red for osteoprotegerin
(OPG) in this CKD-MBD patient (B) and less stained in a healthy

nohistochemistry performance unless high temperatures for
MMA polymerization are avoided [2-6]. The combination
of histomorphometry and immunohistochemistry in the
same bone fragment may be crucial for better pathophysi-
ological insights.

We report here a new technique using standard MMA
embedding that enabled us to perform both morphological
and immunohistochemical analysis in the same bone frag-
ment with optimal results of the latter. Although several
studies have already described both analyses being per-
formed together with good results [3,4,6,7], they took almost
3 days to complete. The present study provided reliable data
in a shorter time (1.5 days) and with much better quality of
immunostaining visualization with no background. The
main factor that contributed for this timing was the utiliza-
tion of a mixture of xylene and chloroform only for 30 min
with a optimal deacrylation, as suggested by Derkx et al. [§],
whereas other studies [6,7] have utilized acetone for at least
12h, posing the risk of causing tissue damage and fixation
losses of bone section. Another crucial point that helped

subject (C). Bone sections labeled for RANKL were also tested with
toluidine blue to show osteoblasts localization (D); marked immunos-
taining for RANKL is also shown in a CKD-MBD patient (E) and
weaker expression in a healthy subject (F). x400

ameliorating the quality of the immunostaining in our study
was a quick decalcification with acetic acid for 10min,
removing the mineralized bone matrix for better exposure
of epitopes and the utilization of Tween 20, a nonionic
detergent, a solubilizing and blocking agent for membrane,
before endogenous peroxidase blockage.

Given the role of OPG and RANKL in controlling
osteoclastogenesis, we selected CKD-MBD patients to eval-
uate OPG and RANKL immunostaining. This is the first
human study to report strong OPG and RANKL bone
immunostaining in CKD-MBD patients. The OPG and
RANKL bone immunolocalization detected in our study
matches with other reports of OPG localization by North-
ern blot analysis in bone cells [9-11]. In experimental studies,
performed in paraffin-embedded bone tissue [12,13], a
similar localization of OPG and RANKL has also been
detected. Because the present study was performed in bone
tissue retrieved from previous biopsies, Western blot analy-
sis could not be carried out because the specimen had been
submitted to fixation.



In conclusion, the present study suggested that this novel
technique is an easy, fast, and effective method that can be
routinely used for both histomorphometry and immunohis-
tochemistry, helping to bring better comprehension of the
physiopathogenic mechanisms in various bone diseases.
The possibility of detecting immunostaining for bone pro-
teins such as OPG and RANKL and other cytokines in
human iliac crest bone biopsies previously submitted to
histomorphometry may be an additional advantage.
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