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Summary. The use of chelating resin in a simple, rapid 
and efficient pre-treatment protocol to process formalin- 
fixed, paraffin-embedded specimens for the polymerase 
chain reaction (PCR) is described and compared to other 
pre-treatment techniques. With this modified PCR pro- 
tocol, a variety of human autopsy and biopsy specimens 
were investigated for presence of DNA of human papil- 
lomaviruses, cytomegalovirus or Epstein-Barr virus. 
These viruses were detected in a productive or non-/low- 
productive state. Amplimers generated ranged from 88 
to 450 base pairs length. Under the specified technical 
conditions, a considerable range of DNA molecules can 
be amplified from paraffin-embedded material, some 
older than 10 years. 
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Introduction 

Studies on formalin-fixed, paraffin-embedded tissue at 
the molecular level provide new perspectives of retro- 
spective studies. In recent years special efforts have been 
focused on DNA extraction and subsequent Southern 
blot analysis. A major problem arising in DNA analyses 
is degradation of DNA in older and especially in inade- 
quately formalin-fixed specimens (Dubeau et al. 1986; 
Wright and Manos 1990). 

In situ techniques like immunhistochemistry or in situ 
hybridization represent a promising tool to link molecu- 
lar biology and morphology with an expanding range 
of applications. Nevertheless some clinically important 
questions concerning subtle genomic deviations such as 
point mutations or subclinical viral infections are diffi- 
cuit to answer using these techniques. Most of the in 
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situ protocols detect viral infections only when the level 
of viral expression exceeds a threshold of 100 copies 
per cell (Gupta et al. 1987). Southern blot analysis re- 
quires larger amounts of tissue for adequate investiga- 
tion. 

The polymerase chain reaction (PCR) circumvents 
these technical problems and allows the detection of low- 
copy-number DNA targets in single paraffin sections. 
Although the technical protocols applied to PCR in sur- 
gical pathology have already been outlined in detail 
(Barton-Rogers et al. 1990; Jackson et al. 1990; Kiyabu 
et al. 1989; Shibata et al. 1988), there is some contro- 
versy with respect to the prior handling of paraffin-em- 
bedded specimens. 

Several pre-treatment protocols with or without de- 
paraffination, proteolytic treatment or phenol/chloro- 
form extraction have been described. Yet, possible loss 
of material, potential hazard to the personnel and, in 
particular, contamination would be reduced to a mini- 
mum if pre-treatment steps could be limited without in- 
fluence on the success of PCR reactions. 

Singer-Sain et al. (1989) described the use of chelating 
resin (Chelex) as a means of increasing the signal from 
the PCR of DNA from small numbers of tissue culture 
cells. Recently, Walsh et al. (1991) used similar proce- 
dures ineluding simple boiling of the material in Chelex 
suspension for DNA extraction for PCR from forensic 
material. The alkalinity of Chelex suspensions and boil- 
ing at 100 ~ C led to efficient membrane destruction and 
DNA denaturation, while DNA degradation is pre- 
vented by the chelating action of the resin which removes 
metal ions that might act as catalysts in DNA break- 
down (Britten et al. 1974; Walsh et al. 1991). 

In this study, we used a similar procedure including 
chelating resin for DNA extraction from single paraffin 
sections before PCR amplification, and compared it with 
four other pre-treatment protocols. The simple and effi- 
cient Chelex method was successfully applied to the de- 
tection of human papillomavirus (HPV), cytomegalovi- 
rus (CMV) and Epstein-Barr virus (EBV) in formalin- 
fixed, paraffin-embedded biopsy and autopsy specimens. 
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Materials and methods 

Materials. Formalin-fixed, paraffin-embedded biopsy and autopsy 
specimens were retrieved from our files and consisted of the follow- 
ing groups : 
1.1. Typical anogenital condylomas with and without known HPV 
infections as recognized by in situ hybridization analyses. 
1.2. Vulvar cancer and bowenoid lesions of the vulva without de- 
tectable HPV infection by in situ hybridization. 
2.1. Multiple autopsy specimens �9 heart, lung and kidney of 
acquired immunodeficiency (AIDS) patients with and without mor- 
phological signs of CMV infection. 
2.2. Placentitis specimens, without morphological signs of specific 
infections. 
3.0. Nasopharyngeal carcinomas. 

Preparation ofparaffin-embedded tissues. Sections (8 gm) were cut 
with sterile blades and transferred into sterile 1.5 ml tubes before 
pre-treatment according to the following protocols: 
A. Deparaffination of the tissue sections by immersion in 400 gl 
xylene for 5 rein, centrifugation and decantation of the liquid. Rep- 
etition of the procedure with 100% ethanol and 70% ethanol. After 
decantation of the last rinse, the remaining ethanol was removed 
by drying. The tissue was resuspended in 50 gl TE 8 (50 mM Tris- 
HC1, pli8, 1 mM EDTA) containing 1% N-lauroylsarcosine (Shi- 
bata et al. 1988; Wright and Manos 1990). 
B. Deparaffination was carried out according to method A; after 
drying the tissue was redissolved in 50 gl TE 8 containing 1% lau- 
roylsarcosine. Five microlitres of proteinase K solution (10 mg/ml) 
was added followed by 3 h of incubation at 55 ~ C. Boiling the 
tube content for 10 rein ended the procedure (Barton-Rogers et al. 
1990). 
C. Fifty microtitres of sterile H20 was added to the tube, followed 
by boiling for 15 rein (Jackson et al. 1990). 
D. Three to 5 gg of Chelating Resin Sodium Form (Sigma, St. 
Louis, Mo.) and 100 p~l sterile water were added, followed by boil- 
ing at 100 ~ C for 15 min at pli 10.1-10.3. After short centrifugation 
the tube content was separated into three different phases, the 
lowest containing the chelating resin particles, the one in the 
middle, tissue and HzO, and the upper liquid paraffin. 
E. Digestion of the section in 100 gl TE 8 containing 1% N-lauroyl- 
sarcosine and 100 gg proteinase K according to method B. Extrac- 
tion of the DNA was carried out as described previously (Barton- 
Rogers et al. 1990; Jackson et al. 1990) using phenol-chloroform 
and phenol-chloroform-isoamyl solutions, followed by ethanol pre- 
cipitation of the DNA and redissolving in 50 gl HzO at pli 7.6. 

After pre-treatment 5 lal of the aqueous phases was used for 
PCR processing. 

PCR amplification and hybridization analyses. Amplification reac- 
tions were performed in 50 gl eontaining 50 mM KC1, 1.5 mM 
MgC12, 10 mM TRIS-HC1, pli 8.3, 0.01% gelatin, 100-200 gM 
of each nucleotide (dATP, dTTP, dCTP, dGTP), 0.1 1 gM of each 
primer and 1 unit Taq DNA polymerase (Perkin Elmer Cetus, 
Uberlingen, FRG). The primers used in our study were (1) HPV 
6/11 and HPV 16/33 sequences from the E6 region (Dallas et al. 
1989); (2) consensus primers MY09 and MYll  (Manos et al. 1989; 
Perkin Elmer Cetus); (3) CMV primers from the IE region (Jiwa 
et al. 1989; Genset, Dianova, Hamburg, FRG); (4) EBV sequences 
from the Bain C, Bam Nhet-LMP and EBNA-2A region (Saito 
et al. 1989; Sixbey et al. 1989; Genset, Dianova, FRG); and (5) 
beta-globin primers (Perkin Elmer Cetus). After addition of 5 lal 
solution the mixture was overlaid by 50 lal mineral oil and incubat- 
ed for 5 rein at 94~ for DNA denaturation. Thirty-five cycles 
were carried out, each including 1 min 94~ for denaturation, 
2rein 40~ (HPV), 50~ (EBV, CMV) and 55 ~ (consensus 
primers) for annealing, and 3 rein 72 ~ C for chain elongation. All 
manipulations were donc using sterile materials to avoid contami- 
nation. The subsequent analyses of PCR products were performed 
in a separate building excluding contaminations by the PCR prod- 
ucts. 

Twenty microlitres of the reaction mixture was separated by 
agarose gel electrophoresis. 

The gels were stained with ethidium bromide and Southern 
blotting was subsequently conducted. For hybridization we used 
oligonucleotide probes specif�9 to DNA sequences of amplified tar- 
gets (HPV type 6/11 and 16, Dallas et al. 1989; CMV, Jiwa et al. 
1989; EBV, Saito et al. 1989 and Sixbey et al. 1989) labelled with 
digoxigenin-dUTP or 32P-dUTP by Terminal Transferase (Boeh- 
ringer Mannheim, FRG). Hybrids were detected by the nucleic 
acid detection kit (Boehringer Mannheim, FRG) or autoradiogra- 
phy. In all runs positive and negative controls comprising plasmids, 
cell lines and paraffin-embedded tissues were included. 

Results 

Comparing the pre-treatment protocols A-D described 
in Materials and methods, the chelating resin technique 
(D) was demonstrated tobe the most efficient one when 
used on small amounts of formalin-fixed, paraffin-em- 
bedded material. The detection of HPV type 6/11 infec- 
tion in anogenital condylomas is demonstrated in Fig. 1 ; 
one condyloma had previously proved to generate en- 
ough HPV copies per cell for detection by in situ hybrid- 
ization. 

In comparing the chelating resin technique to DNA 
extraction procedures (method E) no technique showed 
superiority in detection of HPV infection (Fig. 2). 

The equivalence of both methods (D and E) was 
shown for HPV type 16 infection in two vulvar carcino- 

Fig. 1. Polymerase chain reaction (PCR) analysis of paraffin sec- 
tions of three anogenital condylomas with human papillomavirus 
(HPV) type 6/11 specific primers using pre-treatment methods A, 
B, C, D. Southern blot hybridization with a 3oEP-labelled HPV 
type 6/11 specific oligonucleotide probe. N, Negative control; P, 
positive control (plasmid). Specimens 1 3 were processed by each 
method (A-D). Amplimers = 120 base pairs length 

Fig. 2. PCR analysis of paraffin sections of two anogenital condylo- 
mas with HPV type 6/11 specific primers using pre-treatment meth- 
ods D (chelating resin technique) and E (DNA extraction). South- 
ern blot hybridization with a digoxigenin-labelled, HPV type 6/11 
specific oligonucleotide probe. N, negative control; M, molecular 
weight marker; P, positive control; a, method D; b, method E. 
Amplimers = 120 base pairs length 



Fig. 3. PCR analysis of paraffin sections of three anogenital condy- 
lomas and two specimens of lichen sclerosus et atrophicus of the 
vulva using HPV consensus primers. Visualization by ethidium bro- 
mide staining (the negative is shown). Lanes 1 and 3, Lichen sclero- 
sus et atrophicus; lanes 2, 4, 5, anogenital condylomas; N, negative 
control; P, positive control (CasKi cell line); M, molecular weight 
marker (Hae III digested pBR 322 DNA; Boehringer Mannheim, 
FRG). Amplimers = 450 base pairs length. The running direction 
is marked by the arrow 

Fig. 4. PCR analysis of paraffin sections of AIDS patients with 
cytomegalovirus (CMV) primers. Southern blot hybridization with 
a digoxigenin labelled, specific oligonucleotide probe. M, molecular 
weight marker; P, positive control (plasmid); N, negative control; 
K, kidney tissue; L, lung tissue; H, heart tissue. Amplimers = 137 
base pairs length 

Fig. 5. PCR analysis of paraffin sections of placentitis specimens 
of different patients with CMV primers. Southern blot hybridiza- 
tion with a digoxigenin-labelled specific oligonucleotide probe. M, 
Molecular weight marker; P, positive control (plasmid); N, nega- 
tire control. Lanes 1-10=placentitis specimens. Amplimers=137 
base pairs length 

mas and one bowenoid lesion. These lesions failed to 
reveal HPV infection by in situ hybridization but proved 
to be positive with HPV type 16 specific primers. 

"Consensus pr imers"  which were designed to amplify 
an approximately 450 base pair product  from the open 
reading frame region L1 of several genital HPV types 
including HPV type 6, 11, 16, 18, 33 were also used 
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Table 1. Comparison of different pre-treatment protocols (de- 
scribed in Materials and methods) to process small amounts of 
paraffin-embedded specimens 

Method Time Organic Manipulations PCR 
required solutions while results 

required processing 

A l h  + + +  - 
B 4h + +  + +  - 
C 30 rein - + - 
D 15 min - (+) + + 
E 6h + +  + + +  + +  

PCR, Polymerase chain reaction 

on anogenital condylomas. Visualization of  the PCR 
products by ethidium bromide is demonstrated in Fig. 3. 

A comparison of  the different pretreatment protocols 
used for HPV detection is given in Table 1. 

In order to investigate those specimens without posi- 
tive results by PCR analyses, beta-globin primers which 
are expected to amplify a 268 base pair sequence from 
normal human cells were used in parallel reaction or 
in the same tube. Cases revealing no amplification prod- 
uct were excluded from this study. 

Since the integrity of the D N A  may be altered by 
inadequate fixation using unbuffered formalin and stor- 
age, we tested material up to 12 years of  age, finding 
no difference in PCR processing when comparing recent- 
ly fixed and embedded specimens. 

We also compared radioactive (32p) and enzyme im- 
munoassay (digoxigenin) protocols for detection of  am- 
plification products by hybridization with specific oli- 
gonucleotide probes. As the results using both methods 
for detection of  the saine specimens were the saine we 
decided to continue to use the non-radioactive protocol. 
Figures 1 and 2 demonstrate HPV type 6/11 infection 
in the same anogenital lesions using radioactive and non- 
radioactive detection, respectively. 

The chelating resin technique was also superior to 
other methods for CMV detection in formalin-fixed, 
paraffin-embedded autopsy specimens of AIDS patients. 
Heart, kidney and lung tissue of  25 AIDS patients was 
investigated for CMV infection. Seven out of  nine pa- 
tients without any morphological indication of CMV 
infection revealed an infectious status after PCR analy- 
ses. Fifteen of  16 AIDS patients with previously diag- 
nosed CMV infection as recognized by classical morpho-  
logical criteria or immunocytochemical detection 
showed CMV infection in at least one of  the tissue sam- 
ples by PCR analyses (Fig. 4). 

Twenty specimens of  morphologically diagnosed pla- 
centitis without proven specific infection and without 
classical morphological criteria of  CMV infection were 
investigated by PCR. CMV sequences were demon- 
strated in 4 out of  these 20 specimens (Fig. 5). 

Three nasopharyngeal earcinomas were investigated 
for infection by EBV, since several reports stated a coin- 
cidence between EBV infection and development of  this 
type of  cancer (Fahraeus et al. 1988; Lanier et al. 1981 ; 
Weiss et al. 1989; zur Hausen et al. 1970). All specimens 
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Fig. 6. PCR analysis of paraffin sections of one nasopharyngeal 
carcinoma using three different types of primers. Visualization by 
ethidium bromide (the negative is shown). M, Molecular weight 
marker (Hae III digested pBR 322 DNA; Boehringer Mannheim, 
FRG). Lane 1, Primers directed against the Epstein-Barr virus 
(EBV) nuclear antigen 2 (EBNA 2) region of the EBV genome 
(amplimers = 88 base pairs length). Lane 2, Primers directed against 
the Bain Nhet LMP region (amplimers=181 base pairs length). 
Lane 3, Primers directed against the Bam C region (amplimers = 
120 base pairs length). The running direction is marked by the 
a r r o w  

investigated with three types of  primers, directed against 
different regions of  the EBV genome, revealed EBV- 
DNA. The resulting amplification products of  different 
lengths are demonstrated in Fig. 6. 

Discussion 

The use of  chelating resin to process formalin-fixed, par- 
affin-embedded specimens for PCR analyses was investi- 
gated with a spectrum of  primer pairs designed to gener- 
ate amplimers of  different length. 

The method was found to be a simple and efficient 
pre-treatment protocol, yielding intense and specific sig- 
nais when used on small amounts of paraffin-embedded 
material. Other methods failed to reveal the viral se- 
quences and only standard DNA extraction (method E) 
was round to yield similar signals, but it also required 
more time for processing as well as organic solutions. 

While other authors favour amplification products 
of up to 100 base pairs length when using formalin-fixed, 
paraffin-embedded specimens (Wright and Manos 
1990), we were able to demonstrate a broader spectrum 
of possible amplification products. The resulting amplifi- 
cation products in our investigation range from a length 
of 88 base pairs (EBV) up to a length of 450 base pairs 
(HPV consensus primers). 

Chelating resin is a polyvalent chelating agent pro- 
ducing alkaline conditions in aqueous solutions. It has 
been used for prevention of  D N A  degradation when 
heated by chelating heavy metals which promote the 
breakdown of  D N A  (Britten et al. 1974). Further reports 

also showed its value when added to standard enzyme 
assays (Raymond and Weinshilboum 1975). The removal 
of  divalent cations like calcium and magnesium probably 
prevents the unwanted influence of  these intrinsic con- 
stituents of  catalytic reactions. The PCR reaction also 
depends on the exact concentration of divalent cations 
and  consequently the removal of  endogenous magne- 
sium will allow the investigator to adjust magnesium 
concentrations precisely within the reaction mixture. In 
addition to the chelating effect, boiling of  tissues in alka- 
line condition leads to cell membrane destruction and, 
of course, denaturation of  DNA. 

This PCR technique is able to detect viral infections 
not only in a productive state, as demonstrated in ano- 
genital condylomas, but also in cases where conventional 
methods failed to reveal viral infections, as shown in 
the case of  HPV infection in vulvar carcinomas, the bow- 
enoid lesion and in AIDS patients regarding the CMV 
infection. In the latter group infections of  the kidney 
and heart were observed in high frequency in previously 
diagnosed CMV-infected AIDS patients as well as in 
those without morphological or immunocytochemical 
signs of infection. These findings may be of  particular 
interest in immunocompromised patients. 

With respect to the detection of  CMV infection in 
4 out of  20 cases of  placentitis of  unknown aetiology 
it is important  to stress that no statement concerning 
the activity of  the infective state can be made. Further 
sources of  placentitis have to be considered. 

The analyses of  nasopharyngeal carcinomas con- 
firmed previous findings (Fahraeus et al. 1988; Lanier 
et al. 1981; Weiss et al. 1989; zur Hausen et al. 1970) 
of  a high prevalence of  EBV-DNA in these tumours. 
The use of  different sets of  primers allows not only the 
detection of  infection but also further differentiation 
concerning the type of  EBV involved. The EBV nuclear 
antigen 2 region was found (Sculley et al. 1988; Sixbey 
et al. 1989) to bear divergent forms and subsequently 
provides the possibility of  characterizing isolates by in- 
vestigating their geographical distributation as weU as 
their prevalence in special diseases. 
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