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Mannose-Binding Lectin Does Not Act as a 
Biomarker for the Progression of Preinvasive 
Lesions of Invasive Cervical Cancer
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the MBL concentrations in serum. The statistical analysis was 
done using GraphPad Prism 6.0. Comparisons were per-
formed by Kruskal-Wallis and Mann-Whitney tests and ana-
lyzed by χ2 test; continuous variables are presented as medi-
ans and categorical variables as frequencies. Results: The 
median MBL concentrations in decreasing order were as fol-
lows: invasive cancer: 1,452 ng/mL, CIN-I: 1,324 ng/mL, CIN-
II: 1,104 ng/mL, and CIN-III 1,098 ng/mL. However, no statisti-
cal significance was found among the 4 groups with HPV-
associated lesions (p = 0.11). Equally, the MBL levels did not 
show a significant association between the age of the pa-
tients and the severity of the cervical lesions (p = 0.68). No 
statistical significance was found in the median values of 
MBL or in the status of MBL deficient (<100 ng/mL) and high 
producers (>1,000 ng/mL) among the women in each group 
(p = 0.77). Conclusion: In this study, there was no statisti-
cally significant difference in MBL serum levels among the 
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Abstract
Objective: To evaluate serum concentrations of mannose-
binding lectin (MBL) in women presenting with different hu-
man papillomavirus (HPV)-associated cervical lesions. Sub-
jects and Methods: A total of 364 women, who underwent 
screening for cervical cancer or treatment at the Erasto 
Gaertner Cancer Hospital (HEG), Curitiba, Brazil, were en-
rolled in the study. Based on the latest cervical colposcopy-
guided biopsy results, the women were divided into 4 
groups: cervical intraepithelial neoplasia CIN-I (n = 54), CIN-II 
(n = 72), CIN-III (n = 145), and invasive cancer (n = 93). A time-
resolved immunofluorometric assay was used to measure 
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Significance of the Study

•	 In this study, mannose-binding lectin (MBL) serum concentrations were not associated with either 
human papillomavirus infection or cervical carcinogenesis. Hence, the use of MBL serum concentra-
tion as a biomarker for the progression of preinvasive cervical lesions into invasive cancer is not rec-
ommended.
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groups with CIN. Hence MBL serum concentration appeared 
not to have influenced the progression of HPV-related pre-
invasive cervical lesions into invasive cancer.

© 2017 The Author(s) 
Published by S. Karger AG, Basel

Introduction

Despite decades of research and preventive effort, cer-
vical cancer remains the second leading cause of cancer-
related death in women worldwide, especially in develop-
ing countries [1–3]. The human papillomavirus (HPV) is 
considered necessary for the development of squamous 
cell carcinoma of the uterine cervix (SCC) [1]. In about 
10% of women with persistent HPV infection, the devel-
opment of SCC begins with a preinvasive lesion, known 
as cervical intraepithelial neoplasia (CIN) [3, 4]. Based on 
their capacity to progress into invasive cancer, these pre-
invasive lesions are classified as follows: high percentage 
of regression (CIN-I), uncertain behavior (CIN-II), and 
high potential of progression to cancer (CIN-III).

Cytological screening programs are aimed at detecting 
and treating these precursor lesions to prevent the onset of 
invasive cancer [2], but the progression of these preinvasive 
lesions, most notably high-grade lesions (CIN-II and CIN-
III), into invasive SCC is still unpredictable [4]. The stan-
dard surgical treatments for patients with HPV-associated 
cervical lesions (especially CIN-II and III) could damage 
the cervical stroma, leading to cervical stenosis or cervical 
incompetence [5, 6]. Therefore, it is crucial to establish 
methods to identify the patients whose lesions will progress 
to invasive SCC. Hence, molecular biomarkers which 
would selectively identify high-risk patients [2, 7] have be-
come important tools in the study of cervical cancer.

Mannose-binding lectin (MBL) is used as part of the 
first line of defense against infection, being a pattern rec-
ognition receptor that plays a pivotal role in innate im-
munity by interacting with surface sugars of a wide vari-
ety of microorganisms. The MBL activates the lectin-
complement pathway, promotes opsonophagocytosis, 
and modulates inflammation [8]. Human MBL is encod-
ed by the MBL2 gene, which largely defines MBL serum 
concentrations because the MBL levels vary 10-fold 
among individuals with an identical MBL genotype [9–
11]. Low levels of serum MBL have been reported to be 
related to vulnerability due to infections by a wide range 
of microorganisms including viruses [8, 11]. Conversely, 
higher levels of MBL could enhance tissue destruction 
due to unwarranted activation of complement [8, 12]. In 
a few studies, an association between HPV and MBL has 

been reported [13–16]. Two of these studies [14–16] 
showed that certain polymorphisms in the MBL2 gene 
were associated with higher susceptibility to infection 
conferred by high-risk HPV genotypes, but another study 
[13] did not show any such association between MBL2 
polymorphisms and HPV infection.

Ramos et al. [17] have previously reported on MBL 
concentrations in women presenting with HPV-associat-
ed cervical lesions, but there was no statistically signifi-
cant difference between the median serum MBL levels in 
HPV-infected women presenting with CIN-III lesions 
and healthy controls. There are still no reports on MBL 
concentrations in women presenting with CIN-I and II or 
invasive cervical cancer. Thus, the objective of the present 
study was to assess MBL concentrations in HPV-infected 
women presenting with different cervical lesions.

Subjects and Methods

The study was carried out at the Erasto Gaertner Cancer Hos-
pital (HEG) in Curitiba, in the southern region of Brazil, a refer-
ence center for the treatment of gynecological malignancies. The 
Institutional Ethics Committee approved the study. Inclusion cri-
teria were cervical cancer screening and treatment at HEG from 
January 2011 to March 2012. Exclusion criteria were pregnancy, 
HIV positive, systemic infection, autoimmune disease, and blood 
transfusion within the last 60 days. Written informed consent was 
obtained from the all patients.

A group of 364 women was selected for this study. Based on the 
latest cervical colposcopy-guided biopsy, the 364 women were di-
vided into 4 groups: CIN-I (n = 54), CIN-II (n = 72), CIN-III (n = 
145), and invasive cancer (n = 93). The loop electrical excision 
procedure or cold knife cone excision was used to confirm the pre-
vious biopsy results. A 3-mL sample of venous blood was collected 
from each subject and allowed to coagulate; it was then centrifuged 
and serum was separated, aliquoted (500 µL), and stored at –80 ° C 
until used to determine MBL concentrations.

MBL Quantification
An in-house time-resolved immunofluorometric assay, as de-

scribed by Frederiksen et al. [10], was used to determine the MBL 
concentration serum samples at Aarhus University, Aarhus, Den-
mark. Briefly, serum samples were thawed, diluted, and incubated 
in 1 µg mannan-coated wells washed several times. The bound 
MBL was quantified using biotinylated anti-MBL, followed by eu-
ropium-labeled streptavidin. An enhancement solution was also 
added, and the signals were measured by time-resolved fluorom-
etry on a 1232 Delfia fluorometer (Perkin Elmer/Wallac). For each 
mannan-coated microtiter plate used, 3 standard samples of labo-
ratory controls were added and all the samples and controls were 
measured in duplicate.

Statistical Analysis
The statistical analysis was done using GraphPad Prism 6.0 (La 

Jolla, CA, USA) software package. Comparisons were performed 
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by Kruskal-Wallis and Mann-Whitney tests and analyzed by χ2 
test; continuous variables are presented as medians and categorical 
variables as frequencies (percentages). Statistical significance was 
accepted when p < 0.05.

Results

The mean age of each of the 4 study groups, the cor-
responding MBL serum levels, and lesion severity are 
shown in Table 1. Based on the median MBL concentra-
tion levels, no statistical significance was found among 
the 4 groups with HPV-associated lesions (p = 0.11). 
Equally, the MBL levels did not show a significant asso-
ciation between the age of the subjects and the severity of 
the disease (p = 0.68).

Of the 364 patients, 19 (5.2%) presented with MBL lev-
els >5,000 ng/mL: CIN-I: 4 (7.4%), CIN-II: 2 (2.8%), CIN-
III: 3 (2.1%), and SCC: 10 (10.8%). Of the 10 SCC cases, 
1 presented a microinvasive cervical cancer, 2 presented 
SCC stage I, and the other 7 were advanced SCC.

Based on the serum MBL levels, patients with MBL 
concentrations ≤100 ng/mL were considered MBL defi-
cient and those with >1,000 ng/mL were considered high 
producers. The distribution of high and deficient produc-
ers among the 4 groups is described in Figure 1. No sig-
nificant difference was found when comparing the 4 
groups according to this distribution (p = 0.77).

Discussion

In the present study, various MBL serum concentra-
tions were not associated with the severity of cervical le-
sions. Therefore, it is probable that MBL serum concen-

tration did not influence the progression of preinvasive 
cervical lesions into invasive cancer. The maintenance of 
stable HPV genomes in cells is the basis for viral deoxyri-
bonucleic acid (DNA) persistence as the primary risk fac-
tor in cervical carcinogenesis [3, 4]. As the complement 
system is part of the innate response, its activation pro-
duces inflammation, and it had been reported [3, 4] that 
oncogenesis due to inflammation is associated with can-
cer development [3, 4]. However, the mechanisms under-
lying the relationship between chronic inflammation and 
cancer still remain undefined.

The innate immune response components plays active 
roles in the progression of CIN into invasive SCC [7], and 
it has been shown that immunocompromised patients 

Table 1. Patient profile and median values of mannose-binding lectin (MBL) serum concentrations among the 4 
groups of human papilloma virus-associated cervical lesions

CIN-I
(n = 54)

CIN-II
(n = 72)

CIN-III
(n = 145)

SCC
(n = 93)

p value

Age, years
Mean
Range

30.7
15 – 61

34.4
16 – 73

34.2
19 – 68

48.6
21 – 78

–

MBL, ng/mL
Median
Range

1,324
100 – 7,189

1,104
100 – 6,603

1,098
100 – 9,607

1,452
100 – 7,101

0.1133

CIN-I, II, III, cervical intraepithelial neoplasia, grades 1, 2, and 3; SCC, squamous cell carcinoma of the uter-
ine cervix (cervical cancer).
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Fig. 1. Distribution of patients of the 4 study groups according to 
high (>1,000 ng/mL) and deficient producers (<100 ng/mL) of 
mannose-binding lectin. p = 0.774 (χ2 test). CIN-I, II, III, cervical 
intraepithelial neoplasia, grades 1, 2, and 3; SCC, squamous cell 
carcinoma of the uterine cervix (cervical cancer).
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developed more severe HPV infections [18, 19]. Further-
more, immunodepression has already been associated 
with increased recurrence of infections and higher viral 
load as well as the development of precancerous lesions 
[7, 19].

Generally, low levels of MBL concentrations have been 
associated with vulnerability to bacterial, fungal, and viral 
infections [8, 20, 21]. Also, it has been suggested to be a 
potential factor favoring the development of cancer, such 
as pediatric or solid tumor cancer [22]. Nevadunsky et al. 
[23] have demonstrated that MBL polymorphism was as-
sociated with reduced MBL protein concentrations in the 
vagina, and that this reduction may increase susceptibil-
ity to the development of ovarian cancer.

In this study, deficient and high MBL producers in 
each group of cervical lesions were indirectly identified 
by determining the MBL serum concentration. However, 
no statistically significant difference was found when 
stratifying the groups regarding MBL production, as pre-
viously reported [15, 16]. Conversely, it has been reported 
that specific functional polymorphisms in the MBL2 gene 
could increase women’s susceptibility to infection by 
high-risk HPV genotypes due to low MBL serum levels 
[14–16]. In addition, Zupin et al. [24] suggested a possible 
association between MBL2 polymorphisms responsible 
for low MBL production and susceptibility to the devel-
opment of atypical squamous cells of undetermined sig-
nificance.

The virus replicates within the cytoplasm of epithelial 
cells, preventing the activation of the immune response 
[25]. In addition, the viral cycle is noncytolytic and occurs 
only in cells already programmed to die during the epi-
thelial maturation. There are also important viral pro-
teins, E6 and E7, responsible for inactivating the interfer-
on-dependent response, which is responsible for the 

host’s viral protection [1, 26]. Most importantly, the virus 
has very low serum circulating levels, avoiding contact 
with cells and circulating proteins of innate response [25, 
26]. Thus, the combination of these mechanisms, most 
notably the low MBL circulating levels, could explain why 
variations in the MBL serum concentration have a poor 
association with HPV infection and associated carcino-
genesis.

The current data showed no statistically significant 
difference between median MBL serum levels of women 
presenting with CIN-III cervical lesions compared to 
healthy controls, as previously reported on MBL serum 
concentrations in HPV-infected women [17].

The SCC group had the highest MBL median concen-
tration and more cases >5,000 ng/ml. Plausible explana-
tions for this finding could include an increase in MBL 
levels secondary to extensive tissue necrosis or metastatic 
disease leading to a systemic inflammatory process. As 
MBL is directly involved in the process of apoptosis, the 
extension of the cervical lesion necrosis itself could po-
tentially interfere with the serum levels [27]. Ytting et al. 
[28] also reported that an increase in storing and de-
creased metabolism could be responsible for the higher 
concentrations and that patients with cancer, most nota-
bly colorectal cancer, could present with higher MBL lev-
els regardless of their MBL2 genotype.

Conclusion

This study did not show any statistically significant 
difference in the MBL median serum levels among the 
groups of patients with cervical lesions. Further studies 
are necessary to identify the role of the complement sys-
tem in HPV-associated carcinogenesis.
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