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Improvements in the Detection of Epstein-Barr Virus DNA on Paraffin-
Embedded Gastric Carcinoma Tissues: Treatment of Extracted
Cellular DNA with a Restriction Enzyme Prior to Polymerase Chain
Reaction
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An association between Epstein-Barr virus (EBV) and a certain gastric carcinoma has
been suggested by the presence of EBV-DNA in the carcinoma cells. We tried to detect
EBV-DNA in paraffin-embedded tissues of gastric carcinoma by polymerase chain re-
action (PCR) followed by Southern analysis. The EBV-DNA sequence was not amplified
sufficiently with a BamH I-W primer pair to the extracted DNA itself from the tissues
which were detected for the expression of EBV-encoded small RNA (EBER), while the
sequence was amplified to the DNA from Raji cells as a positive control. However,
when the extracted DNA was digested with a restriction enzymBamH | or EcoR | and
then subjected to PCR, theBamH I-W region was amplified in the DNA from EBER-
positive but not -negative tissues. In the extracted DNA from an EBV genome-carrying
cell line derived from a gastric carcinoma, the amplification with PCR was increased
slightly by the digestion withBamH |. Thus, the pretreatment for template DNA
increased the sensitivity of PCR for the detection of EBV-DNA from paraffin-embedded
tissues.
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In recent studies, the Epstein-Barr vi(EBYV) al., 1988; Saito et al., 1989; Sallie et al., 1992).
genome was detected in about 7% of gastric cardi- has been reported that the EBV genome has
nomas in Japan and was detected in carcinonibeen detected in DNA extracted from paraffin-
cells of most cases afastric carcinoma with embedded tissues by PCR (Shibata et al., 1991;
lymphoid stroma (Shibata et al., 1994in et al., Min et al., 1991; Fukayama et al., 1994; Imai et
1991; Tokunaga et al., 1993; Fukayama et alal., 1994). There are reports which describe the
1994; Imai et al., 1994). These results suggegnhprovement of PCR detection from paraffin-
that EBV might be associated with the pathoembedded tissues (Kiene et al., 1992; Sepp et
genesis of some gastric carcinomas. Itsga al., 1994). We tried to detect the EBV genome
nificant issue to detect the EBV genome in carcimore effectively in DNA extracted from
noma tissues with high sensitivity and specificiparaffin-embedded gastric carcinoma tissues by
ty for the diagnosis of EBV-related gastric carciPCR-Southern analysis and found that the de-
noma. The use gbolymerase chain reaction tection of EBV-DNA was improved by the pre-
(PCR) for rapid diagosis of infectious agents treament of the restriction enzyme for extracted
has been reported in several studies (ShibataBNA.

Abbreviations: bp, base pair; EBER, EBV-encoded small RNA; EBV, Epstein-Barr virus; PCR, polymerase
chain reaction
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PCR-Southern analysis

The DNA (1pg) in 5uL TE was diluted into 50
pL of a solution containing 20QM each of
deoxyribonucleoside triphosphates (ANTPs), 2
The tissues were from surgical specimens of gasaM MgCl, , 500 nM each primer, 2.5 U Taq
trectomy. Formalin-fixed paraffin-embeddedDNA polymerase (Takara Shuzo Co., Ltd.,
tissues from gastric carcinoma with lymphoidKyoto, Japan). The primers were designed to
stroma were tested for the expression of EBVamplify a 129-base pair (bp) segment in the
encoded small RNA (EBER; Glickman et al.,.BanH I-W region (5'-CCAGACAGCAGCC
1988) as previously described (Tokunaga et alBATTGTC-3' and 5'-GGTAGAAGACCC
1993), and used for the detection of EBV-DNACCTCTTAC-3') of the EBV genome as previ-
by PCR. ously described (Tomita et al., 1995). PCR was
performed in one cycle for 3 min at 94°C, 1 min
Cells at 58°C and 1 min at 72°C, and in 34 cycles for 1
min at 94°C, 58°C and 72°C, respectively. The
Cells were cultured in RPMI 1640 medium con-amplified products were electrophoresed in 2%
taining 10% fetal bovine serum at 37°C in aagarose gel and transferred to a Hyborid N
CO, incubator. Epithelial cells were passagednembrane (Amersham Japan Co., Ltd., Tokyo,
with 0.25% trypsin and 0.02% EDTA. EBV Japan). A 40-base oligonucleotide probe (5'-
genome-carrying Raji cells (Pulvertaft, 1965)CCCTGGTATAAAGTGGTCCTGCAGCTA
and the genome-free Ramos cells (Klein et alTTTCTGGTCGCATC-3') (Uhara et al., 1990),
1975) were used as positive and negativehich hybridized to intervening sequence be-
controls respectively for PCR analysis. tween 2 EBV primers was 5'end-labeled with a
[y-32P]JATP. The membrane was hybridized
with the labeled probe at 42°C overnight and

Materials and Methods

Specimens

DNA extraction

Twenty pieces of a 1m section were cut from

the paraffin blocks and transferred into sterile

15 mL plastic tubes. Paraffin was removed b 123456789
treatment with xylene. The sections were :

hydrated with a graded alcohol series of 100%

70% and 50% ethanol and deproteinated wit

200 pug/mL proteinase K at 37°C overnight.

The DNA was purified by phenol-chloroform 128 » -.-
extraction and ethanol precipitation and dis
solved in 1 mL TE (10 mM Tris-HCI, pH 8.0, 1
mM EDTA).

For DNA extraction from cultured cells, 40
cells were washed with 10 mM phosphatesig. 1. Detection oBanH I-W region in the EBV
buffered saline, pelletted, resuspended in diggenome on Raji cells by PCR-Southern analysis.
tilled water and lysed by 2 cycles of freezing-IQﬁSSirriaE')301'2%|dcgi|liléido'3fe\|/|ﬁ|aalr D('e\‘rﬁ) %fezf)ijiw(z(r)e
thawing. Tt1e DNA was extracted by 50 mMsubjected to PCR gane 1,5610° gopies of EBV
NaOH at 95°C for 10 min, neutralized with 1 Mgenome: lane 2, 5 10° copies: lane 3, & 10*
Tris-HCI (pH 7.5) and purified by phenol- copies; lane 4, § 10° copies; lane 5, § 1( copies;
chloroform extraction and ethanol precipi-lane 6, 5< 10* copies; lane 7, & 10° copies; lane 8,

tation. It was then dissolved in 5@ TE. 5 x 107! copies). Ramos cells were used as the
negative control (lane 9). The same amounil(p

of PCR reaction mixture was electrophoresed.
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washed in washing buffer 2SSC, 0.1% SDS) showed that the PCR had high sensitivity enough
at 50°C. Autoradiography was carried out ato detect even one copy in the template DNA.
—80°C with X-ray film.

Detection of EBV-DNA in paraffin-
Bam H I or EcoR I digestion embedded tissues of gastric carcinoma

The DNA (1.8ug) extracted from the paraffin by PCR
blocks were dissolved in 3@ of buffer K (20 The PCR-Southern analysis was carried out to
mM Tris-HCI, pH 8.5, 10 mM MgGl 1 mM detect the EBV genome in the DNA from
DTT, 100 mM KCI) or buffer H (50 mM Tris- paraffin-embedded tissues of gastric carcinoma
HCI, pH 7.5, 10 mM MgCJ, 1mM DTT, 100 (Fig. 2A). However th®&anH I-W region was
mM NaCl) containing 10 BanmH | or EcdR |  not amplified to a detectable level to the extract-
(Takara Shuzo Co.), and incubated at 30°C ard DNA by PCR in EBER-positive (lanes 1-3)
37°C, respectively for 1 h. The reaction mix-or -negative tissues (lanes 4-7), while the re-
tures were incubated at 60°C for 15 min to ingion was amplified in DNA from the EBV
activate the enzyme, and the DNA was ethanogenome-positive Raji cells (lane 9). In order to
precipitated and dissolved in& TE. find the problem for no amplification, an
extracted DNA from an EBER-positive tissue
was pretreated by several methods prior to PCR
(Fig. 2B). The treatments were as follows: i)
The DNA in TE was sheared mechanically bythe shearing of DNA through a needle, ii)
passing through a 26 gauge needle 10 timedigestion withBanH |, iii) boiling with an
Part of the DNA sample (18g) in 5uL TE alkali solution, and iv) the addition of Raji
was then mixed with 5L 50 mM NaOH, DNA to test the presence of any inhibitor(s) to
layered by 5QL mineral oil, heated at 95°C for PCR. The amplified EBV-DNA band was
10 min ancheutralized by the addition offl.  detected irBanH | digestion (lane 3), alkali
1 M Tris-HCI, pH 7.5. After removal of the treatment (lane 4) or the DNA mixture with Raji
mineral oil by treatment with chloroform, the DNA (lane 5) but not in the shearing of DNA
DNA was precipitated with ethanol and dis-(lane 2). The amplification of DNA in the
solved in 5uL TE. mixture with Raji DNA indicated that there was
no inhibitor for PCR in the extracted DNA.
DNA samples which were not detected for

Results EBV-DNA by PCR in Fig. 2A were digested
with BarmrH | and then subjected to PCR (Fig.
2C). The band tBanH I-W was detected in all
DNAs from EBER-positive (lanes 1-3) but not
The sensitivity of PCR-Southern analysis tdn -negative tissues (lanes 4-7).
detect EBV-DNA was tested in serially 10-fold  The effect of another restriction enzyme,
diluted template DNA obtained from Raji cellsEcdR | was examined for DNA extracted from
that have 50 copies of EBV-DNA per cell (zuran EBER-positive tissue (Fig. 2D). TBanH
Hausen et al., 1972) (Fig. 1). A band at 129 bpW region was also amplified similarly.
was detected in all the PCR of the diluted tem-
plate DNA (lanes 1-8), witBanH I-W probe,
but not in the PCR of DNA from EBV genome-
free Ramos cells. The PCR amplification
could detect 5« 107! copies of EBV genome
(lane 8) which was estimated from the copies dDNA was extracted from an EBV-positive cell
viral genome in diluted Raji DNA. This resultline (Yanoma et al., unpublished data) derived

Shearing or alkali treatment of DNA

Sensitivity of PCR

Effect of BamH | digestion of DNA ex-
tracted from a cultured EBV positive cell
line derived from a gastric carcinoma
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Fig. 2. PCR-Southern blot analysis of amplified DNA wBlanH I-W primer. (A) Detection of EBV
genomes in gastric carcinoma with lymphoid stroma. The DNA extracted from paraffin-emdedded tissues
was amplified by PCR and detected with Southern blot. (lanes 1-3, EBER positive tissues; lanes 4-7, EBER
negative tissues; lane 8, Ramos; lane 9, Raf)) RCR amplification of DNA pretreated by several
procedures as describedNfaterials and Methods. (lane 1, Raji DNA; lane 2, shearing; laneBanH |
digestion; lane 4, treated with alkali solution; lane 5, Raji DNA (the same as lane 1) plus DNA extracted from
a paraffin block (the same as lane 2); lane 6, Ramos DN&) Effect ofBanH | digestion on PCR. The
extracted DNA was digested wiBanH | and analyzed by PCR-Southern blot. (lanes 1-3, EBER positive;
lanes 4-7, EBER negative; lane 8, Raji; lane 9, Rambg)Effect ofEcoR | digestion for detection of EBV-

DNA in PCR. The extracted DNA from an EBER-positive tissue was digestedeath | and amplified

with BanH I-W primer by PCR. (lane 1, Raji; lane 2, no digestion; lanRa3H | digestion; lane 4, no
digestion; lane ZcoR | digestion; lane 6, Ramos)

1234567

Fig. 3. Effect ofBanH | digestion on DNA from cultured EBV-

genome-positive cells. DNA was extracted from an EBV-positive ¢ - ._ .
line derived from a gastric carcinoma and digested BatinH | and

analyzed by PCR-Southern analysis. (lane 1, no digestion; lanes

10- and 100-fold dilutions of PCR product of lane 1; lanBatyH |

digestion; lanes 5-6, 10- and 100-fold dilution of PCR products

lane 4; lane 7 Raji).
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from a gastric carcinoma and digested wittbeen used more frequently for diagnosis of
BanH | and analyzed with PCR. The amplifi- EBV infection for paraffin-embedded tissues
cation forBanH I-W was increased slightly in from several malignant diseases (Tomita et al.,
digested DNA than non-digested DNA (Fig. 3).1995; Van Rensburg et al., 1995; Vasef et al.,
1995). The treatment of a restriction enzyme
will be useful in improving the detection of

Discussion EBV-DNA for such materials.

In the present study, we demonstrated that di- _
gestion of extracted DNA with restriction en-AcknowledgmentsThis work was supported by a
zymes,BanH | or EcoR | was a useful proce- Grant-in-Aid for the 2nd Term Comprehensive 10-

Year Strategy for Cancer Control from the Ministry
dure to detect the EBV genome for DNA €X-of Health and Welfare of Japan. We thank Dr.

tracted from paraffin-embedded tissues byshunsuke Yanoma for providing an EBV-positive
PCR. Restriction enzymeBstX |, Clal, Kpnl gastric carcinoma-derived cell line.

or Sall, which have no cleavage site(s) in the
BanH |I-W fragment, were similarly effective
(data not shown). We do not know the reason
why the amplification of PCR is increased by
the digestion with a restriction enzyme; how-1 Fukayama M, Hayashi Y, lwasaki Y, Chong J,
ever, these results may indicate that PCR re- Ooba T, Takizawa T, et al. Epstein-Barr virus-
activity could be increased by the exposure of associated gastric carcinoma and Epstein-Barr

. . irus infection of the stomach. Lab Invest 1994;
the BanmH I-W region to the fragmentation of \7“1973|—81. ' v

cellular DNA. Taq polymerase containing the 2 Glickman JN, Howe JG, Steitz JA. Structural
associated 5' to 3' exonuclease activity facili- analysis of EBER 1 and EBER 2 ribonucleo-

tates a nick translational DNA synthesis (Longley Protein particles present in Epstein-Barr virus-
infected cells. J Virol 1988;62:902-911.
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