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ABSTRACT: Embalmed tissues are adequate for the detection of 
JC virus in lesions of progressive multifocal leukoencephalopathy 
(PML) by immunohistologic and molecular methods. JC virus was 
readily detected in embalmed brain tissue using immunohistochem- 
istry (IHC), in situ hybridization (ISH), and the polymerase chain 
reaction (PCR). Two brains were removed from bodies that had 
been embalmed at least 24 h prior to autopsy. They were subse- 
quently post fixed in 10% buffered formalin for 10-14 days before 
dissection and molecular studies were performed. Though these 
techniques are not novel, their use in embalmed tissues is. Routine 
embalming should not eliminate these diagnostic procedures 
from consideration. 
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We are reporting the successful use of immunohistochemistry 
(IHC), in situ hybridization (ISH) and the polymerase chain reac- 
tion (PCR) in embalmed, post-fixed brain tissue. Though these 
techniques have been widely used as diagnostic aids in formalin- 
fixed, paraffin-embedded tissues, their use in embalmed tissues 
has not been previously reported. While searching for brain tissue 
known to be infected with JC virus for use as positive control 
tissue in another study, we serendipitously discovered that all three 
techniques can be used successfully in embalmed brain tissue. 
Deceased bodies at our institution which are known to be infectious 
(viral hepatitis, HIV) are routinely embalmed at least 24 h prior 
to autopsy. These included two cases of progressive multifocal 
leukoencephalopathy (PML) confirmed by electron microscopy 
(EM). One case was diagnosed during life and the other after death. 
Since both cases had been proven to be infected with papovirus 
ultrastructurally, we wished to see if  immunohistologic and molec- 
ular methods for detecting JC virus would work in embalmed 
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tissues. JC virus, a polyomavirus of the family Papovaviridae, is 
the most common causative agent of PML although rare cases 
caused by the SV 40 virus have been reported (1). JC virus, BK 
virus, and SV 40 virus are closely related and share some genomic 
sequences (2). JC virus is ubiquitous, and some authors estimate 
that approximately 80% of the adult population possess antibodies 
to JC virus (3). 

Although sporadic cases of PML have been reported, it most 
commonly occurs when an individual becomes immunocomprom- 
ised for any reason, such as: 1) AIDS (acquired irnmunodeficiency 
syndrome), 2) lymphoma, 3) leukemia, 4) non-neoplastic disorders 
treated with corticosteroids, and 5) organ recipients treated with 
immunosuppressive therapy (4). PML often presents as multifocal 
demyelinating lesions in the white matter which may coalesce. 
These lesions can be spotty in nature and give rise to a variety of 
symptoms, e.g., intellectual deterioration, hemiparesis, blindness, 
and signs of brainstem and cerebellar dysfunction (5). The extemal 
surface of the brain may appear normal. Once the brain is sectioned, 
the gross lesions tend to appear as discrete discolored lesions in 
the white matter which resemble those seen in multiple sclerosis. 
Histologically, the lesions of PML are characterized by rarefaction 
of myelin and, often, frank necrosis. Examination of the periphery 
of the lesions may show enlarged oligodendroglial cells with 
altered or hyperchromatic nuclei, sometimes containing viral inclu- 
sions. These are accompanied by astrocytes which are often bizarre 
and almost neoplastic in appearance (Fig. 1). The center of the 
lesion is apt to be necrotic and populated by macrophages. 

Transmission electron microscopy (EM) was responsible for the 
discovery of the viral nature of PML (6,7) and is still considered 
to be the gold standard for diagnosis. Although JC virus has been 
previously identified in formalin-fixed, paraffin-embedded brain 
using immunohistochemistry (IHC) and in situ hybridization (ISH) 
(8,9), to our knowledge, these techniques have not been used before 
on embalmed tissue. Since prolonged formalin fixation may alter 
the results obtained with IHC or ISH, pathologists have been 
reluctant to apply these techniques to tissues fixed for an extended 
period of time. 

Formalin fixation is achieved through a reaction with proteins. 
Methylene type linkages between polypeptide chains are at the 
basis of fixation. This type of fixation may structually alter some 
molecules, thus preventing the antigens from reacting with the 
applied antibody (10). Immunohistochemical results are optimal 
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FIG. 1--Region of demyelination with enlarged virus-infected oligoden- 
drocytes (large arrows). Reactive astrocytes are seen with abundant cyto- 
plasm (small arrow). (H&E, 400• 

if the tissue to be studied has been fixed in 10% formalin for 8-24 
h prior to processing (10), though recently described microwave- 
citrate antigen retrieval may make this a less critical issue (11). 
The effects of prolonged fixation prior to ISH may be remedied 
by increased treatment with Proteinase K (12,13). Prolonged fixa- 
tion may also alter the results obtained with PCR depending on 
the type of fixative and the length of the DNA sequence to be 
amplified (14). The purpose of embalming is to retard decomposi- 
tion of the body; in essence, embalming fluid acts as a tissue 
fixative. 

Methods 

Brains were removed at autopsy from the embalmed bodies of 
two patients with PML. The brains were then post-fixed in 10% 
neutral buffered formalin for 10-14 days prior to dissection. Hema- 
toxylin and eosin-stained sections of the fixed, paraffin-embedded 
brains were systematically examined for the presence of demyelin- 
ating and necrotizing lesions of PML. Replicate sections of lesions 
characteristic for PML were then studied utilizing IHC, ISH, 
and PCR. 

Immunohistochemical procedures were performed on deparaf- 
finized tissue sections, using a polyclonal antibody (anti-SV40, Lee 
BioMolecular Research, Inc., San Diego, CA) and the peroxidase- 
labeled streptavidin-biotin detection system (15). Antigen avail- 
ability was enhanced by microwave pretreatment of mounted tissue 
sections in a citrate buffer (pH 6.0) for 5 rain (11). 

In situ hybridization was carried out on deparaffinized tissue 
sections using a commercially prepared biotinylated cDNA probe 
for JC virus, and an enhanced detection system utilizing an anti- 
body sandwiching technique (ENZO Diagnostics, Farmingdale, 
NY). A biotinylated DNA probe for human genomic DNA was 
used as an endogenous positive control to ensure adequacy of 
digestion, denaturation, and hybridization with each run of slides. 

PCR was carried out using 20-met primers P5 (5' AGT CTT 
TAG GGT CTT CTA CC 3') and P6 (5' GGT GCC AAC CTA 
TGG AAC AG 3') that amplify a 172 base pair segment of the 
JC virus genome (2,16). A fragment of brain tissue taken by 
stereotactic biopsy and proven by transmission electron microcopy 
to be PML was used as a positive control and sterile water as a 
negative control. DNA was extracted from paraffin-embedded tis- 
sues as follows. Following inspection of the appropriate blocks, 

15 sections each were cut at 10 txm thickness. The blocks were 
cut with a clean microtome blade, and technologists changed gloves 
between each specimen. As an added precaution, surfaces on the 
microtome coming into contact with each block were cleansed 
with a 0.525% sodium hypochlorite solution (Clorox| diluted 
1:10) between each specimen. Each rolled brain section was picked 
up from the microtome blade with forceps and then placed into a 
sterile 1.5 rnL microcentrifuge tube. A xylene/ethanol paraffin 
extraction was then performed. This was followed by digestion in 
10 mM Tris (pH 8.3) that contained proteinase K (1 mg/mL). The 
digestion mixture was incubated in a 50~ water bath for 24 h. 
The proteinase K was heat inactivated by boiling at 100~ for 10 
rain. Specimens were then centrifuged at 14,000 rpm for 5 rain. 
The supernatant was collected and used for amplification by PCR. 
Each 50 p~L reaction mixture contained 5.0 I~L of sample DNA, 200 
p~M each of the deoxynuclotide triphosphates (Promega, Madison, 
WI), 10 mM Tris-HC1 (pH 8.3), 1.5 mM MgCI2, 50 pmol of each 
appropriate oligonucleotide primer, and 1.25 units of Taq DNA 
polymerase (Pr0mega). All specimens were subjected to 40 cycles 
of two temperature PCR amplification (94~ for 1.5 rain, 60~ 
for 3 rain using a Perkin Elmer/Cetus 9600 thermal cycler, Nor- 
walk, CT). The PCR-amplified products were electrophoresed 
through an 8% acrylamide gel and stained with silver nitrate (17). 
The gels were air dried between ultra clear cellophane (Tut's Tomb, 
Idea Scientific, Minneapolis, MN) and then photographed for a 
permanent record. 

Results 

All three methods consistently detected JC virus in multiple 
brain sections from each case. IHC and ISH showed comparable 
sensitivities in areas of brain that demonstrated typical demyelinat- 
ing and necrotizing lesions of PML (Fig.l). Viral antigen (Fig. 2) 
and nucleic acid (Fig. 3) were localized to nuclei of oligodendro- 
cytes. Repeated PCR assays of multiple brain sections for known 
JC virus DNA sequences were positive in both autopsy cases of 
PML (Fig. 4). 

Discussion 

Reluctance to use molecular and immunohistochemical tech- 
niques on embalmed tissues may be due to the concerns that the 

FIG. 2--Positive immunohistochemical staining for JC virus in oligo- 
dendoglial cells, lmmunostained with anti-SV 40 antibody. (400x ) 
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FIG. 3--JC virus detected with DNA in situ hybridization using a 
commercially prepared biotinylated cDNA probe (ENZO Diagnostics, Far- 
mingdale, NY). (400• 

FIG. 4--Polymerase chain reaction analysis of embalmed brain tissue 
with PML. Lane 1 contains the CX 174 marker, lanes 2 and3 contain the 
negative and positive controls, respectively. Lanes 4-8 and 9-12 contain 
samples from 2 cases of PML (see methods). The amplified product is 172 
base pairs. 

many different brands of embalming fluids contain various 
amounts and combinations of tissue fixatives, e.g., formalin, glutar- 
aldehyde, and methanol, as well as anticoagulants, lanolin, and 
various types of perfumes and natural and synthetic dyes (18). 
The exact contents, other than the hazardous chemicals, may not 
be known as some brands are patented and the ingredients are 
confidential. Another potential variable is that a cadaver may be 
perfused with a concoction of many fluids from the mortician's 
shelf, depending on the post mortem condition of the body. 

Because many institutions may embalm biohazardous bodies 
prior to autopsy and pathologists are sometimes called upon to 
autopsy recently embalmed or exhumed bodies, we are reporting 
that JC virus can be detected in embalmed, post-fixed tissue utiliz- 
ing immunohistologic and molecular techniques. Routine 
embalming should not eliminate these diagnostic procedures from 
consideration. The techniques described can be used to detect JC 
virus and perhaps other microorganisms and antigens even after 
elaborate and prolonged fixation. 
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