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l();etec.tion of Helicobacter pylori in
astric Biopsy Tissue by Polymerase
Chain Reaction

I-T. Wang*, JT. Lin, J.C. Sheu, I.C. Yang,
S. Chen, TH. Wang

?aeﬁaluate the sensitivity of a polymerase chain
de tcn?n (PCR) assay using nested primers in
bioeﬁmg Helicobacter pylori, gastric tissue
fmpsy specimens were collected on endoscopy
e tm 17 patients with a duodenal ulcer. DNA was
Xiracted by phenol/chloroform treatment or
Olling in water, and then subjected to a nested
of H“Slng two primer pairs from the urease gene
patic elicobacter pylori. Fourteen of the 17
usin “li)s were positive for Helicobacter pylori
hegp NA samples extracted by either method.
of an CR results correlated well with the results
odw chzyme immunoassay to detect IgG anti-
patiy. However, there were two culture negative
otlfms' The three PCR negative patients were
N culture negative and serologically negative.
sel A from 9 of the 14 patients was randomly
ected and subjected to semiquantification by

Serial dilutions, and then PCR. The resulfs

;i:]:ed that phenol/chloroform extraction

in ed 10-1000 times more DNA than the boil-

2 € method. It is concluded that the PCR assay is
e;{‘l’ld and sensitive method for detecting

extr’cof’a‘-‘{er pylori, and that phenol/chloroform

Ny action is superior to simple boiling in obtain-
£ DNA samples for PCR.

gggc?baaer.pylori is a gram-.negative bacterium
ise Clated with chronic gastritis and peptic ulcer
o ase of humans (1, 2). A number of methods
or ¢ been adopted to diagnose infection with this
m oglamsm (3-8). Several techniques used in
o decular biology have been employed recently
rad'etea Helicobacter pylori, including the use of
SOII;O'labelled and antigenically lab'elled chromo-
tional fragments, in situ hybridization, hybridiza-
the 1Wlth an oligonucleotide complementary to
cha; 68 rR_NA sequence and the polymerase

ain reaction (PCR) (9-12). Analysis by the

—
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PCR has been shown to be a rapid, sensitive and
specific method for detection of Helicobacter
pylori (12). For this assay, DNA can be extracted
from gastric tissue biopsy material by two
methods: traditional phenol/chloroform extrac-
tion and boiling of the tissue in water (13, 14). Al-
though the boiling method is time-saving and
more economical, the efficiency of the method
compared to phenol/chloroform extraction has
not been established. In this study, we determined
the sensitivity of a PCR method in detecting
Helicobacter pylori and compared the efficiency
of the two DNA extraction methods.

Materials and Methods. From March to May
1991, 17 patients diagnosed by endoscopy as
having a duodenal ulcer were enrolled for the
study. They all gave informed consent. Blood
samples were obtained immediately after endo-
scopic examination, and were tested for IgG anti-
body to Helicobacter pylori with an enzyme im-
munoassay (Amrad, Australia). Biopsy speci-
mens from each patient were taken from the
antrum of the stomach with a new, unused biopsy
forceps. For each patient, two specimens were
sent immediately for culture and the other
specimens were frozen immediately and kept at
-80 °C until tested.

Two biopsy specimens from each patient were
subjected to DNA extraction by two different
methods. One specimen was minced, digested
overnight in a solution containing 100 pg/ml
proteinase K, 10 mM Tris-Cl (pH 8.0) 0.1 M
EDTA and 0.5 % SDS, and then subjected to
phenol/chloroform extraction using a single-tube
method (Biotecx Laboratories, USA) according
to the manufacturer’s instructions. After alcohol
precipitation, the DNA pellet was dissolved in
100 ul of water. The other specimen was minced
and then boiled in 100 pl of water for 15 min.
After centrifugation, the supernatant was
removed and the precipitate discarded.

Ten pl of each DNA solution was subjected to a
two-step nested PCR using two primer pairs from
the urease gene of the Helicobacter pylori
genome (15). The outer primer pair was 5’ G
CCA ATG GTA AAT TAG TTCC (nucleotide
304), 5 CTC CIT AAT TGT TTT TAC AT
(nucleotide 714R) (13). The expected size of the
PCR product was 411 bp. The PCR was carried
out in a 50 pl mixture containing 10 mM tris-HCI
(pH 8.3), 50 mM KCl, 1.5 mM MgClp, 0.01 %
gelatin, 2.5 units of recombinant Tag DNA
polymerase (Perkin-Elmer Cetus, USA), 200 uM
dNTP, 0.6 uM of each outer primer and 5 ul of the
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DNA mixture. A fast temperature cycle was per-
formed as described previously to improve sen-
sitivity (16). Briefly, 40 cycles of 96 °C for 30
seconds, 56 °C for 15 seconds and 74 °C for 30
seconds were performed, the temperature being
maintained at 74 °C for 10 min at the end of the
last cycle. The two 20-nucleotide sequences from
the urease A gene used as the nested inner
primers were 5’ AGT TCCTGG TGA GTTGTT
CT (nucleotide 318), 5 AGC GCC ATG AAA
ACC ACG CT (nucleotide 678R) (15). The ex-
pected PCR product was 361 bp. The second
round of the PCR was performed as described
previously (17). Briefly, 1 ul of the reaction mix-
ture was transferred to the second round reaction
mixture containing 0.6 uM of each inner primer
and the same buffer as in the first round. The
temperature cycle of the second round PCR was
also the same. Ten pl of the first and second round
PCR products were electrophoresed on a 2 %
agarose gel and then stained with ethidium
bromide.

Samples of the same patient were tested in ali-
quots of the same reagents under the same reac-
tion conditions. A DNA fragment containing the
sequences of the urease gene was cloned and
serially diluted. Samples with 1-1000 copies of
the cloned DNA fragment were used to deter-
mine sensitivity. Culture negative gastric tissue
biopsy specimens from  healthy persons and
reagents without DNA were used as negative
controls in the PCR assay. For each round of the
PCR, cloned DNA fragment with a volume of
DNA supernatant extracted from the clinical
samples was used as a control for false-negative
reactions due to the presence of Tag inhibitory
substrates. The measures suggested by Kwok and
Higuchi (18) were applied to avoid contamina-
tion.

Results and Discussion. The sensitivity level of
the first PCR round was 1000 copies of the cloned
Helicobacter pylori DNA fragment, while in the
second PCR round a single copy of the DNA frag-
ment was detected (Figure 1). No false positive
result was observed in the negative controls in-
cluding the culture-negative gastric tissue from
healthy persons. Using phenol/chloroform DNA
extraction, ten patients were positive for Helico-
bacter pylori in the first PCR round, while only
three were positive using the boiling method
(Table 1). In the second PCR round, 14 of the 17
patients were positive for Helicobacter pylori
using both extraction methods (Figure 2). PCR
products of two patients were subjected to direct

Figure 1: Sensitivity of PCR to detect Helicobacter pylori.
Lanes 1-4: first PCR round products of 1000, 100, 10, 1
copies of Helicobacter pylori DNA fragment (1 copy of
cloned DNA fragment = 107 fg); lane 5: @ x 174/Haelll;
lanes 6-9: second PCR round products of 1000, 100, 10, 1
copies of Helicobacter pylori DNA fragment. Arrow: 411
base pairs; arrowhead: 361 base pairs.

Table 1: Results of tests to detect Helicobacter pylori in 17
patients with duodenal ulcer.

Patient PCR Serological Culture®
no. test
1stround® 2ndround®
1 +(+) + + +
2 +(-) + + +
3 +(=) + + +
4 + (=} + + +
5 +{-) + + +
6 +(=) + + -
7 - + + +
8 -(=) + + -
9 -(=) + + +
10 +(=) + + ND
11 +(+) + + ND
12 +(+) + + ND
13 +(=) + + ND
14 ~-{=) + + ND
15 -(=) - - -
16 () - - -
17 -() - - -

2Results for phenol/chloroform extraction with results for
the boiling method in brackets.

bResults of the second PCR round were the same for both
extraction methods.

¢ND = not done.

sequencing to confirm the specificity of the PCR.
Both had a homology of approximately 98 % in
183 base pairs compared with the reported se-
quences (15) (Figure 3). All 14 PCR-positive
patients were also seropositive for IgG antibody;
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:25:“10 2: First and second PCR round results in clinical
usi ples. Laf}? 1: first PCR round product in patient no. 2
1 the boiling method for DNA extraction; lane 2: first
round product in patient no. 2 using the phenol/
ane iform_ extraction method; lane 3: negative control;

- Positive control; lane 5: ¢ x 174/Haelll; lanes 6-9:

:f‘:;;d PCRround products of samplesin lanes 1-4, respec-

chlor,

:XZ Were culture negative. All three PCR-nega-
pyioffitlents were also negative for Helicobacter
of thl On culture and in the serological test. Nine
Selecte 14 PCR-positive DNA samples were
ten-fcjg and subjected to semiquantification by
quantif serial dilution and nested PCR. Semi-
ing m! ICation of the DNA showed that the boil-

4 ethod extracted about 10-1000 times less

N phenol/chloroform extraction (Table 2).

Z;IIZE?Ct that in 14 of the 17 patients Helicobacter
active was detectefi confirms the possnbxh?y of an
iseasgme of Helzcobac{e{ pylori in peptic ulcer
cases | - Because the .clm_ncal response in suph
antib; st{elated to eradication of.the bacyc.rla with
specifi Ic therapy (19), a rapid, sensitive and
e of C test to detect Helicobacter pylori would
great value in the management of these

l

Urease A 1 ---
Patient 1
Patient 12

Urease A 1
Patient 1
Patient 12

Urease A 1
Patient 1
Patient 12

Table2: Semiquantification of Helicobacter pyloriDNA by
the nested PCR. Numbers indicate maximal dilution posi-
tive in the nested PCR.

Patient Boiling Phenol/chloroform
no. method method
1 103 >10¢
2 102 >10¢
3 103 >10¢
4 102 >104
S 10 > 104
6 10 104
7 1 104
8 1 104
9 1 103

patients. Although currently there are various
tests for the detection of Helicobacter pylori, such
as the C-urea breath test, the urea hydrolysis test
and staining techniques, they are either time-con-
suming or insensitive (3, 5, 8, 20-22). Serological
tests are now widely used for both epidemiologic
studies and diagnosis (4), and excellent correla-
tion was shown between serological and PCR
results in our study. However, serologic tests can-
not be used to differentiate a current infection
from past Helicobacter pylori infection (4, 23).
Helicobacter pylori can be cultured from gastric
tissue (3, 5, 21), but the organism is fastidious and
grows slowly, usually requiring three to seven
days of incubation (5, 24). Furthermore, culture
was shown to be less sensitive than PCR in our
study.

A previous study using the same outer primer pair
and a single PCR round demonstrated high
specificity of PCR in detecting Helicobacter
pylori (13). To confirm the specificity of the
primers and to analyze the heterogeneity of the
bacterial genome, analysis of partial sequences of

AGACCGGTTCAAATCGGCTCACACTTCCATTTCTTTGAAGTGAATAGATGCTTAGACTTTG

Figure 3: Partial nucleotide sequences of PCR products of patients no. 1 and no. 12 compared with
the reported urease A sequences. Urease A 1: the reported sequences (reference 15). Arrow:
nucleotide 409. Both strains show 98 % homology in 183 nucleotides.



370

Eur. J. Clin. Microbiol. Infect. Dis.

the PCR products of two patients in our series
was done. The analysis revealed that the urease A
gene is highly conserved in strains from different
areas of the world. Therefore primers from this
region are very useful for diagnostic PCR. The
PCR assay with nested primers was shown to be
sensitive in the detection of Helicobacter pylori
DNA in clinical biopsy samples. The technique
could thus be used to predict a relapse of infection
after antibacterial therapy. The assay also has the
potential to differentiate bacterial strains when a
less conserved region of the genome is analyzed,
once we know more about the genomic hetero-
geneity of the organism. Although in this study
the boiling DNA extraction method was demon-

strated to be less efficient than the phenol/

chloroform DNA extraction method, the rate of
positive results in subsequent nested PCR was the

- same for both methods in 17 patients. Therefore,
nested PCR analysis of clinical biopsy samples
with DNA extraction by the boiling method
would seem to be a practical method. However, if
the bacteria content in the stomach is low, such as
when patients are receiving antibiotic treatment,
the boiling method may yield false-negative
results.

We conclude that the nested PCR is a sensitive
and specific method for detecting Helicobacter
pyloriin gastric tissue. The efficiency of DNA ex-
traction by the boiling method is low compared to
the traditional phenol/chloroform method, but
the boiling method is faster and less costly.
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