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The heterogeneity of the immune response to Helicobacter pylori has always been noticed but has never been
evaluated by obtaining a quantitative measure. For this purpose, sera were tested by enzyme-linked immu-
nosorbent assay, and 207 positive serum specimens were subsequently tested by immunoblotting. The presence
or absence of six specific bands was noted. The homology of the different profiles of bands was measured by
calculating the Dice coefficient, and a dendrogram was constructed. Thirty-four profiles were found, with each
profile containing from 1 to 43 serum specimens. At a level of 72% similarity, 115 of the serum specimens
studied fell into eight profiles. At a level of 48% similarity, 186 of the serum specimens studied fell into 22
profiles. The difference in immunoblot profiles was probably linked to the host immune response, but infection
with strains carrying different antigens cannot be ruled out.

Helicobacter pylori causes gastritis and plays a major role in
the pathogenesis of peptic ulcer (16) and gastric cancer (13).
Because of its uneven distribution on the gastric mucosa, some
cases of H. pylori infection can be missed by culture of biopsy
samples (3). Serological tests are useful because they circum-
vent this problem in that infected patients develop elevated
serum immunoglobulin G (IgG) and possibly IgA antibodies as
well as a local immune response (10, 24). Serological tech-
niques provide a relatively noninvasive method for the diag-
nosis of H. pylori-associated diseases (12, 22) and are particu-
larly well suited to seroepidemiological studies (14). A number
of different techniques, i.e., hemagglutination, complement fix-
ation, coagglutination, indirect immunofluorescence, and latex
agglutination, have been used. Most studies, however, have
used enzyme-linked immunosorbent assay (ELISA) and/or im-
munoblotting (Western blotting) (22).

The immune response to H. pylori in humans has been well
studied qualitatively by using immunoblotting (1). This tech-
nique has not previously been used to compare individual
patient responses quantitatively. In the present study, sera
collected for an epidemiological study were analyzed by
ELISA. The sera with results considered positive and in the
“grey zone” were then analyzed by immunoblotting. The pres-
ence or absence of 6 of the 13 possible bands (2) revealed by
immunoblotting were compared by the unweighted pair group
method with averages (UPGMA) (20), and a dendrogram was
constructed to illustrate the similarity between the immunoblot
profiles of strains from different patients. The goal was to
determine how many different profiles could be found and how
they were related.

MATERIALS AND METHODS

Collection of sera. The sera used for this study were collected for a cross-
sectional epidemiological study of H. pylori infection in the Republic of San
Marino (9). Subjects were selected from among the adults in the National
Register after a random stratified sampling with proportional allocation by age,
sex, and district. The 2,237 serum specimens collected were tested by ELISA, and
all sera with results considered positive or in the grey zone were tested by
immunoblotting. Of the 1,137 serum specimens which tested positive for anti-
bodies to H. pylori by immunoblotting, 207 were chosen at random for study of
the heterogeneity of the IgG response.

The ELISA was performed as described previously (18). The antigen used in
this assay was a centrifuged sonicated extract of two strains identified as being
from serogroups 1 and 3 by the schema of Lior (15). Antigen was used at 0.5
mg/ml. Sera were diluted 1:100 in phosphate-buffered saline containing Tween
20 and 5 mg of bovine serum albumin per ml and were tested in duplicate. A goat
anti-human IgG peroxidase conjugate (Nordic Immunological Laboratories, Til-
burg, The Netherlands) diluted 1:5,000 was used. The substrate, 2,29-azino-di-
(3-ethylbenzthiazolinsulfonate) (Boehringer Mannheim, Mannheim, Germany),
was used at 220 mg/ml with 0.1% H2O2. Coloration was measured in a spectro-
photometer at 405 nm. Optical densities above 0.400 were considered positive,
and values between 0.350 and 0.400 were considered to be in the grey zone.

All sera considered to be positive or in the grey zone were then tested by a
modification of an immunoblotting technique which has been previously de-
scribed (4). For the immunoblotting, the antigen used was a whole-cell prepa-
ration of the same two strains used earlier for the ELISA. Antigen bands and a
mixture of protein standards (Protein Molecular Weight Standards; range,
14,300 to 200,000; Bethesda Research Laboratories) were first separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and were then elec-
trotransferred to nitrocellulose paper (Bio-Rad, Ivry Sur Seine, France) by using
a Biolyon electrotransfer apparatus. Electrotransfer was carried out under semi-
dry conditions in Trisma base (25 mM)-glycine (192 mM) containing methanol
for 10 min at 12 V and for 1 h at 24 V. Proteins on nitrocellulose were immu-
noblotted in a Multiscreen device (Bio-Rad). After a blocking step of 1 h with
3% skim milk in Tris-buffered saline (TBS) with Tween 20 (0.05%), the immu-
noblots were washed three times for 5 min each time with TBS-Tween 20 and
were then placed in contact with sera diluted 1:50 in TBS-Tween 20 with 1% skim
milk for 2 h. After washing, goat anti-human IgG peroxidase conjugate diluted
1:500 was applied for 1 h. Blots were rewashed before adding the substrate. The
substrate solution consisted of 1.6 mg of 4-chloro-1-naphthol per ml, 5 ml of cold
methanol, and 15 ml of 30% H2O2 in 25 ml of TBS. Coloration of the substrate
was carried out at room temperature in the dark for 30 min and was then stopped
by washing with distilled H2O. Finally, the protein standards were restained with
Poinceau S (Sigma, St. Quentin, Fallavier, France).

Among the 13 bands which can be present, 6 commonly noted bands which
were considered to be major bands were studied. These particular bands were
chosen because they are usually clear and unequivocal and can be measured with

* Corresponding author. Mailing address: Laboratoire de Bactéri-
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a certain degree of confidence. The additional bands potentially present can be
more difficult to interpret. The molecular masses of the bands chosen were
approximately 115,000, 93,000, 90,000, 58,000, 45,000, and 20,000 kDa. Their
presence or absence was noted for 207 of the serum specimens tested.

Study of the similarities among profiles. The distance between the different
profiles (combinations of bands) was measured by calculating the Dice coefficient
[(2 3 the number of pairs of characteristics in common)/total number of charac-
teristics in the two profiles](8). In this calculation only positive characteristics are
taken into consideration.

The Dice coefficient was used in the UPGMA formula to assign levels of
hierarchy in the similarity of profiles. The distance (d) between two clusters was
measured as a function of the number of individuals in the cluster (M).

d(i,jk) 5 [Mj z d(i,j) 1 Mk z d(i,k)]/(Mj 1 Mk)

In this model, i is a given individual (profile or cluster of profiles) and jk is the
cluster to which i is being compared, j being the last member added to the cluster
and k being the initial or previous component (profile or cluster of profiles). By
using the levels of hierarchy assigned by this model, a dendrogram was con-
structed to illustrate the relationship between the profiles.

RESULTS

By using six bands, 34 profiles were found. The relationship
between the different profiles is illustrated in Fig. 1. From 1 to
43 serum specimens were classified in each of these 34 profiles.
The profile with the most serum specimens (43 serum speci-
mens) was composed of five bands at 115,000, 93,000, 90,000,
58,000, and 45,000 kDa. The next most common profile con-

tained 19 serum specimens and was composed of four bands at
115,000, 93,000, 90,000, and 58,000 kDa. Figure 2 illustrates
the number of serum specimens in each profile. At a level of
72% similarity, 115 of the serum specimens studied fell into
eight profiles. At a level of 48% similarity, 186 of the serum
specimens studied fell into 22 profiles.

Thirteen of the 34 profiles contained at least four of the
bands studied. These 13 profiles grouped 130 serum speci-
mens. Of these 130 serum specimens, 3 (2%) had ELISA
results considered to be in the grey zone (optical densities of
between 0.350 and 0.400). Of the remaining 77 serum speci-
mens whose profiles contained three or fewer of the bands
studied, 8 (10%) had ELISA results in the grey zone. There-
fore, a total of 11 of the 207 serum specimens studied had
ELISA results in the grey zone.

The profile (profile 1) with all six bands contained 13 serum
specimens. Five profiles (profiles 2 to 5 and 34) contained five
bands. As a group, they contained 59 serum specimens. The
seven different profiles (profiles 6 to 12) with four bands
grouped a total of 59 serum specimens. The 13 profiles with
three bands were profiles 13 to 22 and 31 to 33. They grouped
46 serum specimens. Profiles with two bands (profiles 23 to 28)
grouped 25 serum specimens. Two profiles had only one
band, and these two (profiles 29 and 30) contained six serum
specimens.

FIG. 1. Dendrogram of 34 different profiles (combinations of six bands) revealed by immunoblotting of 207 serum specimens which had tested positive for H. pylori
antibodies by ELISA.
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DISCUSSION

It is interesting that 17 of the 34 profiles found lacked a band
at 115 kDa. These 17 profiles together contained 65 serum
specimens (31%). Although in some cases differences in the
molecular masses of the protein bands reported in the litera-
ture can be due to differences in the extraction procedures and
gel electrophoresis techniques used, in the case of the 115-kDa
band studied here, the differences observed by Faulde et al.
(12) (130-kDa protein), Reiff et al. (19) (120-kDa protein), and
von Wulffen (22) (110-kDa protein) are due to the structure of
the gene coding for this protein (6). This gene has been found
to contain sequences which can be repeated a variable number
of times, affecting the length of the protein product. The re-
sults of this study are in agreement with those of previous
studies (7, 12), which found that the prevalence of this antigen
was 60 to 70% in patients with nonulcer dyspepsia. This anti-
gen is of special importance because it is a marker for the cag
pathogenicity island (5) which is more frequently found in
strains isolated from patients with severe diseases (7, 23). In
considering the frequency of antibody response to this protein,
one must bear in mind that the sera for this study came from
the general population and not a population of patients with
gastric diseases.

Exactly where to place the cutoff point when interpreting
ELISA data is a perennial problem. Some investigators even
suggest that it should change as a function of the population
studied (11). Immunoblotting can be used to verify question-
able ELISA results, but it is not required to verify results after
a certain level of positivity has been reached.

Human serum contains antibodies that react with a number
of different H. pylori antigens (2). Several bands are detected
by immunoblotting significantly more frequently with sera
from H. pylori-positive patients than healthy controls. The total

number of bands detected by individual sera is higher for H.
pylori-positive patients than for healthy controls. The problem
with immunoblotting, however, is that tertiary and quaternary
protein structure can be affected by denaturation by sodium
dodecyl sulfate and reduction of disulfide bonds during elec-
trophoresis (21). This could lead to a loss of or a decrease in
the antigenicity of the epitopes presented to the antibody.

In this study, the profiles obtained by immunoblotting were
compared. The technique used to compare these profiles has
been proposed for bacterial taxonomy. Although arbitrary, the
results allow for a systematic comparison of the homology
found between different profiles. The significance of the het-
erogeneity found is not addressed. For the immunoblotting
analysis, all serum specimens were tested against the same
strain and not the homologous strain (the strain isolated from
the same patient). The differences in the profiles obtained by
immunoblotting could be due to heterogeneity in the host
immune response or to infection with strains with different
antigens. Despite the genetic heterogeneity of H. pylori strains
(17), most antigens are conserved. Although not proven, the
diversity in immunoblotting profiles noted in this study was
most likely due to the immune response of the host.

We used a collection of sera obtained from a well-designed
epidemiological study in the general population in order to
achieve insight into the extent of heterogeneity of the immune
response. This provides the background and paves the way for
the study of different groups of patients. The diversity of the
immune responses observed with sera from asymptomatic H.
pylori-infected subjects indicates that sera from patients with
different clinical entities should also be studied in an attempt
to find a specific profile which could be useful for diagnostic
purposes.

FIG. 2. Number of serum specimens in each profile.
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