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Purpose: It is well known that human papillomavirus
(HPV) is the main cause of cervical neoplasia, and hydro-
gen peroxide-producing lactobacilli are the most impor-
tant microorganisms for maintaining the balance of the
vaginal ecosystem. The purpose of our study was to
investigate the relationship of hydrogen peroxide-pro-
ducing lactobacilli, cervical neoplasia and high-risk HPV.

Materials and Methods: We enrolled 1138 women with
abnormal cervical smears or cervicograms who were
referred to the department of Obstetrics and Gynecology
at Chonnam National University Medical School. In all of
them, 1,138 vaginal swabs were collected for the quali-
tative assay of hydrogen peroxide producing lactobacilli
and 150 cervical swabs were used for the HPV hybrid
capture Il test without regard to the subjects' pregnancy

INTRODUCTION

Infection with some genotypes of HPV is the most important
risk factor associated with cervical neoplasia, and H,O, pro-
ducing lactobacilli are the most important microorganisms that
maintain the balance of the vaginal ecosystem. Many authors
have suggested that H,O, producing lactobacilli have antibac-
terial, antiviral and potential antitumoral effects (1~3).

Therefore, it is hypothesized that H,O, producing lactobacilli
might have some responsibility for the pathogenesis of cervical
neoplasia by HPV, and the bacterial distribution might be dif-
ferent for women with cervical neoplasia and/or who are infec-
ted high-risk HPV. The purpose of our study was to investigate
the relationship of H,O, producing lactobacilli, cervical neo-
plasia and high-risk HPV.
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status. In the non-pregnant women, 880 cervical biopsies
and/or loop electrosurgical excision procedures were
performed for making the histological diagnosis.

Results: There was no significant difference not only
between the distribution of H,0, producing lactobacilli
and the cervical histology, but also between the distri-
bution of H,0, producing lactobacilli and the positivity for
high-risk HPV.

Conclusions: Both cervical neoplasia and high-risk HPV
may not be influenced by the existence of hydrogen
peroxide producing lactobacilli in the vagina. (Cancer Res
Treat. 2006;38:108-111)
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MATERIALS AND METHODS

We enrolled 1,138 women who had abnormal cervical smears
or cervicograms and who were referred to the department of
Obstetrics and Gynecology at Chonnam National University
Medical School. 1,138 vaginal swabs were collected from all
of them for the qualitative assay of H,O, producing lactobacil-
li, and 150 cervical swabs for the HPV hybrid capture II (HC-
II; Digene, Sliver, Spring, MD) test were also obtained without
regard to whether the women were pregnancy. In non-pregnant
women, 880 cervical biopsies and/or loop electrosurgical exci-
sion procedures (LEEP) were performed for making the histol-
ogical diagnosis. The results of each test were analyzed by
Chi-square test and p values <0.01 were considered statistically
significant.

1) Detection of hydrogen peroxide producing lacto-
bacilli

Vaginal swabs were used to obtain samplings from the lateral
vaginal wall and they were immediately taken to the laboratory
room. The vaginal swabs were removed from the transport
medium and then used to inoculate the Mann Rogasa Sharpe
media (MRS; Difico, Detroit, MI). The plates were incubated
at 37°C in 7% CO, for 48 hours and then they were tested for
the production of H,O, via a qualitative assay on a tetrame-
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thylbenzine (TMB) agar plate. The lactobacilli were presump-
tively identified by their ability to grow well on MRS. After
48 hours of incubation in an anaerobic glove box at 37°C, the
agar plates were exposed the ambient air. The H,O, that was
formed then reacted with the horseradish peroxidase in the agar
to oxidize the TMB, causing the colonies of hydrogen peroxide
producing lactobacilli to turn blue and so these samples were
classified as positive (Fig. 1) (4).

2) Hybrid Capture II test

The sample was collected by placing a cytobrush into the
exocervix and rotating the brush three times; this was kept
frozen at -20°C in a collection tube (Digene) until needed.
The samples of the mixed high risk HPV denatured single-
strand DNA were hybridized with RNA probe cocktail. This
reaction mixture was placed in a microtiter well that was coated
with antibodies for the RNA/DNA hybrid. After this RNA/
DNA hybrid-antibody bonding, the mixture was reacted with
alkaline phosphatase-conjugated antibodies and then washed,
and lumi-Phospho 530 was added to react with the dioxetane-
based chemiluminuscent substrate. Alkaline phosphatase was
then added to produce luminescent light that was measured

Fig. 1. The blue colonies of H,O, producing lactobacilli.

light was expressed in relative light units. A solution containing
1 pg/ml of the HPV 16 DNA was used as the positive control
group for the high-risk HPV group. The relative light units for
all the samples were set to the degree of relative brightness as
compared to the positive control group. This ratio was con-
sidered positive when it was >1.0 and negative when it was
<1.0. The presence of the 13 types of high-risk HPV groups
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68) was
confirmed in all the samples.

RESULTS

In all the 880 non-pregnant women, both a qualitative assay
of H,O, producing lactobacilli and the cervical histology were
performed. As shown in Table 1, there was no significant dif-
ference between the distribution of H,O, producing lactobacilli
and the cervical histology. In 150 women without regard to
their pregnancy status, both the qualitative assay of H,O, pro-
ducing lactobacilli and the HC-II test were performed. As
shown in Table 2, there was no significant difference between
the distribution of H,O, producing lactobacilli and the positivity
for high-risk HPV.

DISCUSSION

In the normal vaginal microbial flora found in women of
reproductive age, lactobacilli have been shown to be the predo-
minant bacteria; these lactobacteria are gram positive, non-
motile rod-like bacteria that are characterized by the ability to
grow in acid media, tolerate acid conditions and ferment carbo-
hydrates to produce lactic acid (5~7). More recently, mole-
cular methods have demonstrated Lactobacilli crispatus and L
Jensenii to be the most common isolates (8).

Lactobacilli, principally the strains that produce H,O,, may
have a protective effect against vaginal colonization by pathog-
enic species such as those that cause bacterial vaginosis (BV),
gonorrhea, staphylococci, E. coli, shigella, listeria and possibly
human immunodeficiency virus (1,9). This has been explained
by many mechanisms. In addition to competitive inhibition of
the epithelial and mucosal adherence of pathogens and the
inhibition of epithelial invasion by pathogens, lactobacilli also
show antimicrobical activity by producing H,O,, acids, bacter-

Table 1. Distribution of lactobacilli according to the histologic diagnosis

Type of lactobacilli

Histology Total
H,O, (+) % H,0, (-) % No gI‘OWth %
Cervicitis 202 41.0* 208 422 83 16.8 493
CIN I 21 53.8 13 333 5 12.8 39
CIN II/III 82 38.7% 86 40.6 44 20.8 212
Cancer 50 36.8* 61 449 25 18.4 136
*p>0.01.

with a luminometer (DML 2000™, Digene); the value of the

iocin and biosulfactants, and they also stimulate mucosal



110  Cancer Res Treat. 2006;38(2)

Table 2. Distribution of lactobacilli according to high-risk HPV

Type of lactobacilli

High-risk HPV Total
H,O, (+) % H;0, (-) % No gI‘OWth %

Positive 47 49.0* 32 333 17 17.7 96

Negative 23 42.6* 21 38.9 10 18.5 54

#p>0.01.

immunity (10). Lactobacilli strains that produce H,O, have
been isolated from 79% to 96% of women who have a healthy
vaginal ecosystem. H,O, has been shown elicit cellular injury
by initiating lipid peroxidation, protein oxidation and DNA
damage. Klebanoff et al demonstrated that H,O, producing
lactobacilli are present in the vagina of most normal healthy
women, but they are absent from most women with BV. In
addition, the toxicity of H;O, producing lactobacilli to Gar-
dnella vaginalis was influenced by several interactive factors
that consisted of reactive oxygen species (ROS) (11) Other in
vitro studies have also demonstrated the involvement of the
peroxidase system in the inhibition of Neisseria gonorrheae in
an acidic environment; this inhibition is the result of complex
effects from H,O,, acid production and bacteriocin-like com-
pounds. Further, there is a viricidal effect on HIV-1 that affects
the heterosexual transmission of the virus (1,12).

By producing metabolites such as acetic acid and lactic acid,
a large number of lactobacilli serve to lower the vaginal pH
and inhibit the growth of pathogens. Alakomi et al observed
that the lactic acid produced by lactobacilli acts as a permea-
blizer of the gram-negative bacterial outer membrane, allowing
other antimicrobial substances produced by the host to penetrate
and increase the susceptibility of pathogens to antimicrobial
molecules (13).

Lactobacilli have also been shown to activate cells to get
them to secrete both inflammatory and anti-inflammatory cyto-
kines. Klebanoff et al demonstrated that H,O, producing lacto-
bacilli increase TNF-a and IL-la production, activate NF-kB
in THP-1 cells and increase TNF-a production by human mo-
nocytes. This suggests the presence in the vaginal fluid of
biochemical factors derived from indigenous bacteria that can
influence the physiology of the vagina and the host defences (14).

HPV has been identified as a necessary causal agent for
cervical squamous neoplasia and it has been linked to the
development of neoplasia in several other mucosal sites. The
viral oncogenes E6 and E7 are the major players in the viral
scheme to evade the immune system and use the host cell
replication machinery to survive. Although infection with an
oncogenic HPV has been shown to be a necessary cause of
cervical neoplasia, it is not a sufficient cause and most of the
women infected with a specific HPV will not show evidence
the same type 6~ 12 months later (15,16). Although there is
a high incidence and prevalence of HPV in the general
population, the majority of infected women appear to clear the
virus via an effective immune response (17).

In consideration of the above mentioned studies, we hypo-
thesized that H,O, producing lactobacilli as a host immune

factor might be responsible for the pathogenesis of cervical
neoplasia according to high-risk HPV infection and its distri-
bution might be different in the women with cervical neoplasia
andfor who are infected high-risk HPV.

Our study unexpectedly showed that there was no significant
difference not only between the distribution of H,O, producing
lactobacilli and cervical histology, but also between the distri-
bution of H,O, producing lactobacilli and the positivity of
high-risk HPV. Our results may be explained by the possible
protective mechanisms of HPV against H,O, injury and also
that the pathogenesis of cervical neoplasia might be not
influenced by the existence of H,O, producing lactobacilli. This
reasoning is indirectly supported by several studies. According
to Lee et al’s in vitro study, when E6 and E7 proteins were
over-expressed in primary astrocytes by using retroviral vectors
and the HPV-16 E6 and E7 genes, the E6 and E7 gene products
were able to protect cells from HO, injury (18~20).

Although there are few reports concerned with H,O, pro-
ducing lactobacilli, HPV and cervical neoplasia, lactobacilli as
probiotic agents have been investigated for their link with
recurrent BV, inflammatory bowel disease, cystic fibrosis, den-
tal caries and irritable bowel syndrome (21,22). The adminis-
tration of lactobacilli by mouth and tranvaginally has been
shown to be safe and to reduce the risk of urinary tract infec-
tion, BV and yeast vaginitis. Lactic acid bacteria have been
shown to prevent somatic mutations in colon cancer and so they
have potential as chemoprotective agents that may affect carci-
nogen-activating enzymes and carcinogen-deactivating enzymes
(23).

Our study had several limitations about sampling, i.e., that
only one specimen per every woman was obtained without con-
cerning about menstrual variation of lactobacilli, menopause,
the medical history, sexual activity, a normal control group and
a long natural history of cervical neoplasia.

This study was a preliminary study to define possible roles
of H,O, producing lactobacilli in the pathogenesis of cervical
neoplasia. Irrespective of our results, the idea of using normal
flora with antimicrobial activity to prevent and potentially treat
cancer is very attractive. Further studies are needed to verify
the relationship between H,O, producing lactobacilli, high-risk
HPV and cervical neoplasia.

CONCLUSIONS

Both cervical neoplasia and high-risk HPV may not be
influenced by the existence of hydrogen peroxide producing
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lactobacilli in the vagina.
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