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ABSTRACT

Aim: The recognition of practical early diagnostic biomarkers is a cornerstone of improved
prevention and treatment of cancer thus the current study estimated salivary level of Cathelicidin
LL-37 in patients suffering from potentially malignant lesions and control subjects to corroborate
Cathelicidin LL-37 as a diagnostic marker for early detection of potentially malignant diseases and
revealing its possible role in carcinogenesis.

Methodology: 45 systemically healthy individuals were subdivided into three groups: Group
I: 15 Healthy participants without any oral lesions. Group II: 15 Patients having atrophic/erosive
oral lichen planus (OLP). Group III: 15 Patients having oral leukoplakia: Enzyme linked immune-
sorbent assay (ELIZA) kit was used to evaluate the level of LL-37 in whole unstimulated salivary
samples collected from all participants. To reveal AUC, sensitivity, specificity, and diagnostic
accuracy of LL-37 receiver operating curve (ROC) analysis was done.

Results: The highest salivary level of LL-37 was revealed in OLP patients followed by oral
leukoplakia patients whereas it was the lowest in healthy controls. ROC analysis exhibited excellent
diagnostic accuracy of salivary LL-37 in differentiating both OLP and leukoplakia from control and
OLP from leukoplakia.

Conclusions: LL-37 appears to have a potential role in potentially malignant lesions (OLP &
leukoplakia). The remarkable diagnostic accuracy of salivary LL-37 in differentiating potentially
malignant lesion and healthy control could confirm its utilization as an innovative marker to early
diagnose potentially malignant lesions. Salivary LL-37 being non-invasive accurate marker could
be a chair-side diagnostic method that detect-potentially malignant lesions.

Clinical relevance: Salivary Cathelicidin LL-37 being non-invasive could serve as a chair-side
diagnostic technique for potentially malignant lesions.
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INTRODUCTION

Oral premalignant diseases (OPMD) are a com-
prehensive term for an array of lesions that can
develop within the oral cavity and comorbid in a
variety of patient populations.' The most designated
premalignant oral lesions are lichen planus, leuko-
plakia, erythroplakia, and submucous fibrosis.*?

Antimicrobial peptides (AMPs) are essential
components of the immune system that can fight
a broad spectrum of organisms and transformed or
cancerous cells. The mammalian AMPs belong to
the defensin and cathelicidin families.® Cathelicidin
exons 1-4 are located on chromosome 3p21 in the
human genome. The exons are transcribed as a
single gene, cathelicidin antimicrobial peptide. It
translates to an 18 kDa pre-pro-protein, referred
to as hCAP18. hCAP18 is the only cathelicidin in
humans which is processed through proteolytic
cleavage to active cathelicidin LL-37 (37 amino acid
residues with diLeucine at the N-terminus). Specific
serine proteases like, kallikrein 5, kallikrein 7 and
proteinase 3 are involved in this cleavage so it is
also called LL-37.71°

Recent studies have verified that human
cathelicidin LL-37 could be considered as a
chemical defense, it possesses pleotropic functions
as eradication of invading pathogens, restoring
homeostasis and immunomodulatory functions. LL-
37 is implicated in both innate & adaptive immunity
as it is capable of chemotactically activate immune
cells to the infected tissue in addition to a synergistic
activity with different active substances so enhance
the differentiation of a lot of immunocompetent
cells to proinflammatory ones like monocyte which
can be further differentiated into macrophages.
Moreover, it regulates the equilibrium between pro-

and anti-inflammatory cytokines.'"'?

Additionally, evidence proposes

that LL-37 is also implicated in the regulation of

evolving

cancer, it showed a complex role in tumorgenicity
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as LL-37 can be joined with dual aspects of cancer
development through several receptors, such as
epidermal growth factor receptor (EGFR), FRP2,
ERBb2, P2X7, and GAPDH, while on the other
hand tumor suppression takes place by interaction
with peptide-based factors in addition to cancer
membrane components.’"?

Therefore, LL-37 may either revealed a pro-
tumorigenicactionasincancersofthepancreas,ovary,
lung, breast, and prostate, as well as in malignant
melanoma and skin squamous cell carcinoma,*"
or act as an anti-cancer agent for another cancers
lesion as oral squamous cell carcinoma, hematologic
malignancy, colon cancer and gastric cancer where
LL-37 expression levels were reduced compared
to their levels in normal tissues. This divergence
may be indorsed to signal regulation, peptide-based
factors and host membrane-based factors. Based on
these investigations, the effect of LL.-37 on cancer
is returned to the origin and type of cancer. '*-20:!

The GLOBOCAN database 2018 assessed
354,864 recent cases of oral cancer globally, lip and
oral cancers lesions triggered nearly 177,384 deaths
in 2018. Diagnosis and management, prediction of
cancer metastasis and consideration of the factors
that encouraging or hindering cancer cell invasion
are essential for people worldwide.?? So, the present
study aimed to determine the salivary level of LL-
37 in precancerous lesions for the exploration of the
conceivable impact of this peptide on the elaboration
of various precancerous lesions in the oral cavity.

SUBJECTS AND METHODS

The present study is an observational prospective
study that was accomplished in the Oral Medicine
and Periodontology departments, Faculty of
Dentistry, Cairo, Fayoum and Ahram Canadian
Universities on a section of Egyptian population
in the time interval between July to October 2023.
Patients were consecutively designated from

the outpatient clinics of the departments of Oral
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Medicine and Periodontology, Faculty of Dentistry,
Cairo, Fayoum and Ahram Canadian Universities.
Ethical approval was obtained from the research
ethics committee of the institutional review board
of Faculty of dentistry Cairo university (Approval
number: 63723) and registration of the study on
clinicaltrial.gov was done (NCT06219330).

A total number of 45 systemically healthy
participants were included in this investigation
that were allocated equally into 3 groups: Group
I: 15 Healthy participants without any oral lesions.
Group II: 15 Patients having atrophic/ erosive oral
lichen planus. Group III: 15 Patients having oral
leukoplakia. The procedures and purpose of the
study were discussed and clarified to all subjects
prior to inclusion in the study groups and were then
asked to sign written informed consents.

Inclusion criteria
* Both genders with age range 30 - 70 years.

e Participants that sign a written consent after
understanding the nature of the study.

* The clinically diagnosed and histologically
approved as having oral potentially malignant
lesions mainly atrophic/erosive oral lichen
planus and oral leukoplakia.

Exclusion criteria

e Systemic diseases as well as pregnant or
lactating females.

e Patients currently taking corticosteroids,
immunosuppressives drugs, contraceptive pills,

or antibiotics.

e Patients diagnosed with any other oral
lesions other than oral lichen planus and oral

leukoplakia.

*  Vulnerable subjects as prisoners, or mentally
disabled.

(1367)

A full comprehensive clinical assessment of all
included participants was carried out. The site, type,
and dysplastic changes of the lesions were recorded
in addition to pain and ulcer scores for oral lichen
planus lesions. Histopathological assessment was
done. Biopsied lesions from darkly stained areas
with toluidine blue were evaluated to confirm the
diagnosis of lesions and to assess the degree of
dysplasia according to the WHO classification
system.?

Whole Unstimulated Salivary sampling:

Unstimulated whole salivary samples were
collected from all participants enrolled in the study
following standard methods.** Five ml of saliva
was collected from everyone between 09:00 and
11:00 in the morning to avoid circadian rhythm
after overnight fast. Patients were asked not to eat,
drink (except water) or chew gum. The sample was
obtained by tilting the head of the patient forward and
expectoration into Eppendorf tube while seated in
an upright position. All tubes with salivary samples
were given serial numbers and were immediately
frozen & stored at (-70 °C) until the assessment of
LL-37. Salivary LL-37 levels were then quantified
by using a commercial ELIZA kit.

Detection of Human Antibacterial protein LL-37
in whole unstimulated saliva:

Saliva samples were centrifuged at 4000xg for
10 min then supernatant was separated to be used
for determination of LL-37 using ELISA kit. The kit
was provided by Bioassay Technology Laboratory
Zhejiang, China with Cat.No E2197Hu. This kit is
an Enzyme-Linked Immunosorbent Assay (ELISA).
The plate has been pre-coated with Human LL-37
antibody. LL-37 present in the sample is added and
binds to antibodies coated on the wells. And then
biotinylated Human LL-37 Antibody is added and
binds to LL-37 in the sample. Then Streptavidin-
HRP is added and binds to the Biotinylated LL-37
antibody. After incubation unbound Streptavidin-
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HRP is washed away during a washing step.
Substrate solution is then added, and color develops
in proportion to the amount of Human LL-37. The
reaction is terminated by addition of acidic stop
solution and absorbance is measured at 450 nm.

Sample size calculation:

Based upon results of a pilot study conducted on
five subjects in each group, the mean and standard
deviation (SD) values for LL-37 in saliva were 60.7
(13.1) and 45.8 (3.5) ng/mL in diseased and healthy
control groups, respectively. Using alpha (o) level
of (5%) and Beta () level of (5%) i.e. power =
95% the effect size (d) was 1.55 and the minimum
estimated sample size was 12 patients per group.
By adding 20% per group to make up for sampling
and analysis errors, the estimated sample size was
15 patients per group. Sample size calculation was
performed using G*Power Version 3.1.9.2.

Statistical methods:

Data were analyzed using Jamovie 2.3.18 ap-
plication and were statistically described in terms
of mean and standard deviation (+SD), or frequen-
cies (number of cases) and percentages when ap-
propriate. Data were explored for normality using
Kolmogorov—Smirnov and Shapiro—Wilk tests. Ho-
mogeneity of variances was tested using Levene’s
test. For parametric continuous data, the One-way
ANOVA followed by Games-Howell Post-Hoc Test
(unequal variances) were used to compare more
than three independent groups and independent
sample t-test was used to compare two indepen-
dent groups. For non-parametric data, Mann and
Whitney test was used to compare two independent
groups. For dichotomous data, Chi square test or
Fischer’s exact tests were used. Pearson’s correla-
tion test was used to detect the correlation between
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the studied marker and clinical scores. A receiver
operating characteristic curve (ROC) was created to
estimate a preliminary cutoff point for the salivary
level and predict diagnostic accuracy of the studied
marker. Also, area under the ROC curve (AUC) was
calculated according to the rough guide for the ac-
curacy of a diagnostic test classification by the tra-
ditional academic point system®: (0.90-1.0 = excel-
lent, 0.80-0.90 = good, 0.70-0.80 = fair, 0.60-0.70
= poor, 0.50-0.60 = fail).

RESULTS

The 45 participants consisted of 15 oral leuko-
plakia patients, 15 OLP patients, and 15 healthy
controls. The 15 OLP patients were 9 females and
6 males with mean ages of 53.1£14.9, while the
15 oral leukoplakia patients were 2 females and 13
males with mean ages of 50.8+11.8, whereas the 15
healthy controls were 5 females and 10 males with
mean ages of 49.7 + 14.2. Table (1) shows clinical
and demographic data of study participants.

The mean values for salivary LL-37 (ng/ml)
are summarized and compared between the study
groups in Table (2) which revealed statistically
significant difference between all included groups.
It is clearly revealed also that the greatest elevation
of salivary LL-37 expression level occurred in OLP
patients (86.4+8.3) followed by oral leukoplakia
patients (63+4.91), whereas it was the lowest in
healthy controls (35.2+ 4.14). When OPMD were
considered as a whole, the mean value of salivary LL-
37 was 74.7+13.7, which is apparently significantly
higher than that of the control group. Notably, there
was no statistically significant difference in the
salivary expression level of LL-37 in patients above
and below 50 years of age, neither between males
and females nor among different grades of dysplasia
in the study groups.
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TABLE (1) Clinical and Demographic data of study =~ TABLE (2) Salivary Expression levels of LL-37 (ng/

participants. ml) according to patient characteristics.
. Salivar;
Variables Group Subgroup Count Propqortlon LL.37y
© Groups Subgroups N P value
(ng/ml)
OLP 15 333% (Meanz5.D)
Oral OLP 15 86.4+8.3
Participants ral 15 333%
leukoplakia - Oral
Participants leukoplakia 15 63+4 91 <.001*§
Controls 15 33.3% Controls 15 352+4.14
Buccal Mucosa 8 53.3% OPMD v OPMD 30 74.7+13.7
trol <.001*#§
Tongue 4 26.7% controls — Controls 15 352+4.14
i <50y 7 87.1%10
OLP Gingiva 2 13.3% OLP 0.787*
Labial mucosa 1 6.7% Age 250y 8 8594712
<50y 6 633+559
Floor of the Mouth 0 0% il 0,906+
Site of lesion cukopiaxt =50y 9 62.6x4.14
Buccal Mucosa 10 66.7% Females 9 839487
OLP 0.154*
Tongue 4 26.7% Males 6 90.3%6.57
Oral Gingiva 0 0% s Females 2 63.8+52
leukoplakia g gl 1.00%#%
eukoplakia
Labial mucosa 0 0% Males 13 61.5+3.32
Floor of the Mouth 1 6.7% puceal =g 853273
ucosa
No Dysplasia 7 46.7%
Tongue 4 84.1«10.1
S High-Grade 2 13.3% OLP  Gingiva 2 97502  N/A
. Low Grade 6 40% rksgi)zla | 337
Dysplasia No Dysplasia 5 33.3%
Oral Floor of 0
ra . Mouth )
leukoplakia High-Grade 2 13.3% Site of lesion oul
B 1
Low Grade 8 53.3% Mucoss 10 63.8+5.84
Females 9 60% Tongue 4 61.5+203
OLP
Males 6 40% Oral Gingiva 0 - N/A
leukoplakia
Females 2 13.3% Labial
Sex | koreilk‘ mucosa 0 .
cukoplaxia Males 13 86.7%
Floor of
Mouth ! 617
Females 5 33.3%
Controls No
Males 10 66.7% Dysplasia 84.1£6.52
<0y ; 167% OLP " High-Grade 2 916+163 0077
OLP Low Grade 6 87.5+11.04
250}/ 8 53.3% Dysp]asia
No
Oral <50y 6 40% onal Dysplasia 5  60.1£10.767
A . ra .
g€ groups 1.\ oplakia 50y 0 0% leukoplakia High-Grade 2 74495 007"
Low Grade 8 62.1£1.657
<50y 8 53.3%
Controls s e sk
>50y 7 46.7% Note: *independent t-test, **ANOVA test an ‘Mann&

Whitney test §Significant (p<0.05)
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The one-way ANOVA results comparing sali-
vary expression levels of LL-37 revealed a statis-
tically significant difference (P<.001) among the
three study groups. Accordingly, we performed a
post hoc analysis which yielded statistically signifi-
cant higher elevation of salivary LL-37 in OLP than
oral leukoplakia patients (<.001) as well as higher
elevation of this marker in OLP and oral leukopla-
kia patients than healthy controls (<.001 each) as
shown in table (3).

TABLE (3) Post Hoc comparisons of LL-37 saliva
(ng/ml) between the 3 study groups.

Oral

Groups leukoplakia Controls
Mean
OLP  jifference 234 512
Salivary p-value <001 <.0071#:%%
LL-37
(ng/ml) Oral Mean 278
leukoplakia difference ’
p-value <00 ##%

Games-Howell Post-Hoc Test. Note. * p < .05, ** p < .01,
##% p < .001

Furthermore, results revealed a statistically
significant correlation between pain scores of OLP
and salivary LL-37 (P =0.003), however, there
were no statistically significant correlation between
ulcers scores of OLP and salivary LL-37 (P =0.341)
as shown in table (4).

When the receiver operator curve (ROC) was
designed to test the sensitivity and specificity of
salivary LL-37 as a potential biomarker for either
OLP or oral leukoplakia against the control, the
Youden’s index indicated that at a cutoff point of
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(72.3, 59.2) respectively delineating the difference
between disease and control showed the highest
sensitivity and specificity of 100% for each. The area
under the curve (AUC) was 1.00 which is considered
an outstanding diagnostic accuracy. As for the
sensitivity and specificity of salivary LL-37 as a
potential biomarker for OPMD, the Youden’s index
indicated that at a cutoff point of (59.7) delineating
the difference between disease and control showed
the highest sensitivity and specificity of 96.67%
and 100% respectively. The positive predictive
value (PPV) was 100% and negative predictive
value (NPV) was 93.75% and the area under the
curve (AUC) was 1.00 which is considered an
excellent diagnostic accuracy. Furthermore, ROC
analysis revealed that the sensitivity and specificity
of salivary LL-37 in differentiating OLP and
oral leukoplakia lesions were 100% and 93.33%
respectively, the Youden’s index indicated a cutoff
point of (72.3). The positive predictive value (PPV)
was 93.75% and negative predictive value (NPV)
was 100% and the area under the curve (AUC) was
0.989 which is considered an excellent diagnostic
accuracy as shown in table (5) and figure (1).

TABLE (4) Correlation between clinical parameters
of OLP and salivary LL-37

Correlation matrix Pain scores  Ulcers score

Clinical score (Mean * SD) 68221 347+1.19
Pearson’s r 0.717 0.341
Salivary LL-37 (ng/ml)
P-value 0.003* 0.214
*Significant (p<0.05)
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TABLE (5) Sensitivity and Specificity of salivary LL-37 (ng/ml) in the diagnosis of OLP, oral leukoplakia

and OPMD:
Differentiating Sensitivity (%) Specificity (%) PPV (%) NPV (%) Cutoff point Youden’sindex AUC Metric Score
OLP vs Control 100% 100% 100% 100% 723 1.00 1.00 2.00
Leukoplakia vs Control 100% 100% 100% 100% 592 1.00 1.00 2.00
OLP vs Leukoplakia 100% 93.33% 93.75% 100% 723 0.933 0.989 1.93
OPMD vs Control 96.67% 100% 100% 93.75% 59.7 0.967 1.00 1.97

PPV: Positive Predictive Value, NPV: Negative Predictive Value

Sensitivity
Sensitivity

Sensitivity

50

Sensitivity

.75 25 0 100 -5 25

1 - Specificity 1 - Specificity

LL-37 saliva(ng/mi) LL-37 saliva(ng/mi)

25 o 100 75 50 25 0
1 - Specificity

75 50
1 - Specificity

LL-37 saliva(ng/mi) LL-37 saliva(ng/mi)

-

J

Fig. (1) ROC curve discriminating (a) OLP and Control groups (b) Oral leukoplakia and Control groups (¢) OPMD and Control

groups (d) OLP and oral leukoplakia groups.

DISCUSSION

Cancer is considered a major world health
challenge that now cogitated as the third leading
cause of death, unfortunately oral cancers are the
sixth utmost common cancer. It is estimated that
by 2030 there will be nearly 26 million newfound
cancer cases and 17 million cancer-related deaths
per year. Recent studies indicate an emergent
tendency in oral tumor occurrence and discover that
precancerous lesions are one of the principal causes
of most oral cancers. Identification and treatment of
these cases are critical to preclude patient morbidity

and mortality.”2**

LL-37 is expressed in most tissues and owns a
pivotal role in host defense. It acts as mediator of
innate immune response against various invading
microorganisms, (bacteria, fungi & virus) then per-
forms a bridge to adaptive immunity. As well it is
involved in an array of fundamental biological cell
activities including migration, proliferation, inva-
sion apoptosis and cell cycle arrest. Additionally,
it contributed to tissue homeostasis, angiogenesis,
regeneration, re-epithelialization and wound clo-
sure. Up till now, LL-37 has been authenticated to
show varying tumor-biology-dependent effects on
cancerous cells, either as pro tumorigenic or anti-
tumorigenic. LL-37 has been detected in saliva and
gingival crevicular fluid.!*28-32
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The detection of biomarkers from biological
body fluids as saliva has the prospect of early diag-
nosis of several diseases. Saliva encloses proteins,
peptides, electrolytes, organic, and inorganic salts
secreted by salivary glands in addition to gingival
crevicular fluids and mucosal transudates contribu-
tions. More than 100 salivary biomarkers have al-
ready been recognized in saliva. Saliva as a medium
for detection of cancer biomarkers is a promising
approach as it is a non-invasive sampling modal-
ity in addition to the ease of its collection, further-
more saliva direct contact with oral lesions makes it
more precise and hypothetically sensitive screening
tool.* So this study was performed to investigate
the contribution of LL-37 in precancerous lesions
via estimation of its level in saliva.

In the present investigation the highest levels of
salivary LL-37 were registered among OLP patients
followed by leukoplakia patients with the lowest
levels found in the control group with statistical
significance. Our results regarding salivary LL-37
being significantly higher in OLP than in healthy
control were in accordance with our results findings
documented in a study by Okumura* which
revealed significantly higher salivary level of LL-
37 in OLP than in health subjects. The author found
that more hCAP18/LL-37 peptide was expressed in
OLP compared to healthy epithelium and was not
related to microbial infection. He suggested that the
generation of growth factors in inflamed lesion as
insulin like growth factor in human keratinocytes
induce hCAP18/LL-37 expression.* In addition, LL-
37 enhances mast cell degranulation, keratinocytes
apoptosis and affects release of cytokines like IL-
8, all of which were reported as involved factors in
pathogenesis of OLP*, thus supporting our study
results concerning the increased level of LL-37 in
OLP patients.

Additionally, the present results are consistent
with previous study that had estimated salivary
level of LL-37 in healthy and OLP patients, their
results showed a significantly lowest level of LL-
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37 in control group, the highest significant level
was exhibited in erosive lichen planus which was
significantly higher than either control or reticular
OLP groups. They suggested that variation in
salivary level of LL-37 might coincide with
inflammatory diseases with ulcer manifestation
presented in targeted role of innate defense
mechanisms in soft tissue that could protect against
lesion infection and stimulate rapid wound healing %
They considered an earlier study that demonstrated
an association between salivary concentration of
LL-37 and number of monthly occurred ulcers in
patients with Behcet’s disease as confirmation to
their results.’” Interestingly, both studies reinforced
our speculation regarding the role of LL-37 in OLP
as our results displayed the highest salivary level in
OLP group as an inflammatory clinical condition.

Previous studies have reported that LL-37 pep-
tide is able to augment the cell stiffness of epithelial
cells as well as its competence to modulate visco-
elastic criteria of the cells and tissues. Moreover,
within the oral cavity extracellular matrix stiffness
in oral leukoplakia owing to an amplify in collagen
regeneration and accumulation in the extracellular
matrix is correlated with increased expression of
LL-37.3%% Thus, the observed results in this study
regarding higher levels of LL-37 in our leukoplakia
patients compared to healthy controls could be at-
tributed to these postulations. Furthermore, a recent
study demonstrated that LL-37 is engrossed in de-
velopment of oral submucous fibrosis which is also
believed as a precancerous lesion that showed many
pathological changes including chronic inflamma-
tion, local inflammation in the lamina propria or
deep connective tissues, disproportionate collagen
deposition in the connective tissues below the oral
mucosal epithelium, and degenerative changes.*!

A prominent observation is the alteration
in expression of hCAP18/LL-37 in many oral
inflammatory diseases that cause raise in the level
of LL-37 in saliva, thus could directly promote
carcinogenesis as inflammation is considered the



CATHELICIDIN LL-37 RELATION TO POTENTIALLY MALIGNANT LESIONS

seventh hallmark of tumors.*## The mentioned
observation could explain the significantly
higher levels of salivary LL-37 in OLP than in
oral leukoplakia, that was revealed in our study,
where inflammation plays a significant role in the
pathogenesis of OLP while leukoplakia lacks this
inflammatory background. Moreover, our data
revealed a significant correlation between pain
scores in OLP and salivary LL-37 which may also
add evidence to suggested association between
inflammation and LL-37.

The link between LL-37 and cancer develop-
ment returned to the ability of LL-37 to stimulate
cell proliferation via reduction of their apopto-
sis.**#2 This could explain our results which showed
that OPMD, either OLP or leukoplakia, with high
grade of dysplasia registered the highest levels of
salivary LL-37 followed by lesions with low grade
dysplasia then finally the lesions with no dysplastic
changes revealed the lowest levels with statistical
significance.

As mentioned in literature, an obvious associa-
tion between severity of inflammation and devel-
opment of cancer is confirmed,*** which support
our findings regarding higher LL-37 salivary levels
found in different dysplastic lesions of OLP when
compared to their corresponding dysplastic lesions
of oral leukoplakia owing to the inflammatory state
found in OLP. So, considering the role of this pep-
tide in diagnosis and treatment of precancerous le-
sion is an important road to be justified.

In the ROC analysis, LL-37 showed powerful
diagnostic accuracy between the control and each
diseased groups with excellent sensitivity and
specificity; thus, LL-37 salivary level could have
an outstanding role in diagnosis of oral potentially
malignant diseases (OLP & leukoplakia). In
addition, this peptide differentiates well between
our two diseased groups with excellent diagnostic
accuracy, sensitivity, and specificity.

The somewhat small sample size and limited
categorization of precancerous lesions with
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absence of treatment and follow up which could
further assist in confirming the contribution of
LL-37 in precancerous oral lesions as a marker
are considered limitations of our study so further
studies considering these limitations are needed
in the future. Also, studies comparing LL-37 level
between OPMD and oral malignant lesions could be
recommended.

Conclusively, literature evidence presented
many biological functions of LL-37 owing to its
ability to interact with different membrane recep-
tors. Additionally, hCAP18/LL-37 elicits complex
responses in various cells, either directly or through
the modulation of cellular responses to microbial
compounds and other immune mediators.*®

However up to date the available data on LL-
37 impact is inadequate in the aspect of oral
cavity. The exploration of the prospective effect
of this peptide on the incident of precancerous
and cancerous lesions in the oral cavity is still
unexplored clearly so our study results shed some
light on its contribution in some OPMD for the first
time as far as the authors’ knowledge with further
investigations recommended to determine the exact
contribution of this peptide in the pathogenesis of
the mentioned diseases which will be of diagnostic
and therapeutic potential accordingly decreasing
cancer occurrence.

CONCLUSION

LL-37 might contribute to the development of
OPMD as revealed in our study results. Moreover,
it owes an excellent diagnostic accuracy in
differentiation between OPMD and control salivary
samples, also it could differentiate between OLP &
leukoplakia.

Declarations:

* Ethics approval and consent to participate:
This study was approved by the research ethics
committee of the institutional review board
of Faculty of oral and dental medicine Cairo
university (Approval number: 63723), following



(1374)

E.D.J. Vol. 70, No. 2

the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

Consent: All included individuals in this study
signed written consent after clarifying to them
the steps and aim of the study. All methods
were carried out in accordance with relevant
guidelines and regulations.

Consent for publication: not applicable.

Availability of data and materials: the datasets
used and/or analyzed during the current study
are available from the corresponding author on
reasonable request.

Competing interests: The authors declare that
they have no competing interests.

Funding: This study was self-funded by the
authors

Authors’ contributions:

S.H contributed to the study design, writing,
and submitting the manuscript.

SH, N.T and M.Z contributed to data and
sample collection.

S.H, N.T and M.Z contributed to reviewing and
revising the manuscript.

O.S contributed to the determination of salivary
LL-37 in samples using ELIZA kit.

All authors read and approved the final
manuscript.

ACKNOWLEDGEMENTS:

The authors acknowledge and are grateful for Dr

Rania Shalaby for conducting the statistical analysis,
ROC curve analyses and the power analysis.

Authors’ information: not applicable

Conflict of interest: Authors of the current
investigation declare they have no conflict of
interests.

Clinical trial registration: NCT06087042

Nayroz Abdel Fattah Tarrad, et al.

REFERENCES

1.

10.

11.

12.

Papadiochou S, Papadiochos I, Perisanidis C,
(2020) Medical

educational competence about oral and oropharyngeal

Papadogeorgakis N. practitioners’
carcinoma: a systematic review and meta-analysis. Br J
Oral Maxillofac Surg. 58(1):3-24.

Warnakulasuriya S, Johnson NW, van der Waal I. (2007)
Nomenclature and classification of potentially malignant
disorders of the oral mucosa. J Oral Pathol Med.
36(10):575-80. [PubMed]

Maymone MBC, Greer RO, Kesecker J, Sahitya PC,
Burdine LK, Cheng AD, Maymone AC, Vashi NA.
(2019) Premalignant
lesions: Clinical and pathological findings. J Am Acad
Dermatol.81(1):59-71. [PubMed]

Mccormick NJ, Thomson PJ, Carrozzo M. (2016) The
Clinical Presentation of Oral Potentially Malignant
Disorders. Prim Dent J. 5(1):52-63. [PubMed]

Wetzel SL, Wollenberg J. (2020) Oral Potentially
Malignant Disorders. Dent Clin North Am. 64(1):25-37.
[PubMed]

Lin, B.; Li, R.; Handley, TN.G.; Wade, J.D.; Li, W
O’Brien-Simpson, N.M. Cationic (2021) Antimicrobial
Peptides Are Leading the Way to Combat Oropathogenic
Infections. ACS Infect. Dis. 7:2959-2970.

Larrick JW, Lee J, Ma S, Li X, Francke U, Wright SC, et
al. (1996) Structural, functional analysis and localization
of the human CAP18 gene. FEBS Lett 398 1:74-80.
doi:10.1016/S0014-5793(96)01199-4

D. Vandamme, B. Landuyt, W. Luyten, and L. Schoofs
(2012) “A comprehensive summary of LL-37, the factotum

and malignant oral mucosal

human cathelicidin peptide,” Cellular Immunology. 280
(1):22-35.

Kuroda K, Okumura K, Isogai H, Isogai E (2015) The
human cathelicidin antimicrobial peptide LL-37 and

mimics are potential anticancer drugs. Front Oncol. 5:144.
doi: 10.3389/fonc.2015.00144.

Piktel E, Niemirowicz K, Wnorowska U, Watek M,
Wollny T, Gtuszek K, G67dz S, Levental I, Bucki R (2016)

The role of cathelicidin LL-37 in cancer development.
Arch Immunol Ther Exp (Warsz) 64:33-46.

E.-T. Verjans, S. Zels, W. Luyten, B. Landuyt, and L.
Schoofs (2016) “Molecular mechanisms of LL-37-induced
receptor activation: an overview,” Peptides 85: 16-26.

David Good, Tamim Mosaiab, Wei
Guoying Ni

Binbin Yang,

Liu, Jasmine Kaur, Xiaosong Liu,


https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://pubmed.ncbi.nlm.nih.gov/30447325
https://pubmed.ncbi.nlm.nih.gov/30447325
https://pubmed.ncbi.nlm.nih.gov/29029654
https://pubmed.ncbi.nlm.nih.gov/31735231

CATHELICIDIN LL-37 RELATION TO POTENTIALLY MALIGNANT LESIONS

13.

14.

15.

16.

17.

18.

19.

20.

Calvin Jessop, Lu Yang, Rushdi Fadhil, Zhengjun Yi
, and Ming Q. Wei. (2020) Significance of LL-37 on
BioMed
Research International. Article ID 8349712, 16 pages
hps://doi.org/10.1155/2020/8349712.

Wu WK, Wang G, Coffelt SB, Betancourt AM, Lee
CW, Fan D, et al. (2010) Emerging roles of the host
defense peptide LL-37 in human cancer and its potential
therapeutic applications. Int J Cancer. 127(8):1741-7.
doi:10.1002/ijc.25489.

Heilborn JD, Nilsson MF, Jimenez CIC, Sandstedt B,
Borregaard N, Tham E, Sgrensen OE, Weber G and Stéhle
M (2005) Antimicrobial protein hCAP18/LL-37 is highly
expressed in breast cancer and is a putative growth factor
for epithelial cells. Int J Cancer 114: 713-719.

Immunomodulation and Disease Outcome.

Coffelt SB, Waterman RS, Florez L, Honer zu Bentrup
K.Zwezdaryk KJ, Tomchuck SL, LaMarca HL, Danka
ES, Morris CA and Scandurro AB (2008) Ovarian
cancers overexpress the antimicrobial protein hCAP-18
and its derivative LL-37 increases ovarian cancer cell

proliferation and invasion. Int J Cancer 122:1030-1039.

von Haussen J, Koczulla R, Shaykhiev R, Herr C,
Pinkenburg O,Reimer D, Wiewrodt R, Biesterfeld S,
Aigner A, Czubayko F and Bals R (2008) The host defence
peptide LL-37/hCAP-18 is a growth factor for lung cancer
cells. Lung Cancer 59: 12-23.

Kim JE, Kim HJ, Choi JM, Lee KH, Kim TY, Cho BK,
Jung JY, Chung KY, Cho D and Park HJ (2010) The
antimicrobial peptide human cationic antimicrobial
protein-18/cathelicidin LL-37 as a putative growth factor

for malignant melanoma. Br J Dermatol 163:959-967.

Hensel JA, Chanda D, Kumar S, Sawant A, Grizzle
WE, Siegal GP and Ponnazhagan S (2011) LL-37 as a
therapeutic target for late-stage prostate cancer. Prostate
71: 659-670.

Sainz B Jr, Alcala S, Garcia E, Sanchez-Ripoll Y, Azeve-
do MM, Cioffi M, Tatari M, Miranda-Lorenzo I, Hidalgo
M, Gomez-Lopez G, et al (2015) Microenvironmental
hCAP-18/LL-37 promotes pancreatic ductal adenocarci-
noma by activating its cancer stem cell compartment. Gut
64:1921-1935.

Tuomela JM, Sandholm JA, Kaakinen M, Hayden KL,
Haapasaari KM, Jukkola-Vuorinen A, Kauppila JH,
Lehenkari PP, Harris KW, Graves DE, Selander KS (2016)
Telomeric G-quadruplex-forming DNA fragments induce
TLR9-mediated and LL-37-regulated invasion in breast

cancer cells in vitro. Breast Cancer Res Treat.155:261-271.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

(1375)

Chen X, Qi G, Qin M, Zou Y, Zhong K, Tang Y, Guo Y, Ji-
ang X, Liang L, Zou X (2017) DNA methylation directly
downregulates human cathelicidin antimicrobial peptide gene
(CAMP) promoter activity. Oncotarget 8:27943-27952.

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre
LA and Jemal A (2018) Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J
Clin 68: 394-424.

World Health Organization. Cancer and pre-cancer
classification systems, Annex 4. In Comprehensive
Cervical Cancer Control: A Guide to Essential Practice
(2nd ed.). World Health Organization. (2014)

Navazesh, M. (1993) Methods for collecting saliva. Ann
N.Y. Acad Sci. 694: 72-77.

Mehdi, T., Bashardoost, N., & Ahmadi, M. (2011). Kernel
smoothing for ROC curve and estimation for thyroid
stimulating hormone. Int J Public Health Res 1: 239-242.

Thun MJ, De Lancey JO, Center MM, Jemal A, Ward
EM. (2010) The global burden of cancer: priorities for
prevention. Carcinogenesis 31(1):100-10. doi:10.1093/
carcin/bgp263

Roohollah Safarpourl, Fatemeh Mashhadiabbas2, Nasim
Taghavi, (2023) Immunohistochemical Evaluation of
Expression Pattern of p53 in Oral Premalignant Lesions
and Follow-up of the Patients with These Lesions. Chinese
journal of otorhinolaryngology head and neck surgery 58
(2) ISSN: 1673-0860

Tutkoglu O, Emingil G, Ku'tu'kc,uler N, Atilla G. (2009)
Gingival crevicular fluid levels of cathelicidin LL-37 and
interleukin-18 in patients with chronic periodontitis. J
Periodontol. 80(6):969-76.

Usui T, Yoshikawa T, Orita K, Ueda SY, Katsura Y,
Fujimoto S, et al.(2011) Changes in salivary antimicrobial
peptides, immunoglobulin A and cortisol after prolonged
strenuous exercise. Eur J Appl Physiol 11: 2005-14.

Ren SX, Shen J, Cheng AS, Lu L, Chan RL, Li ZJ, Wang
XJ, Wong CC, Zhang L, Ng SS, Chan FL, Chan FK, Yu J,
Sung JJ, Wu WK, Cho CH (2013) FK-16 derived from the
anti-cancer peptide LL-37 induces caspase-independent
apoptosis and autophagic cell death in colon cancer cells.
PLoS One 8 (5):63641.

Alagarasu K, Patil PS, Shil P, Seervi M, Kakade MB, Tillu
H, Salunke A (2017) In-vitro effect of human cathelicidin

antimicrobial peptide LL-37 on dengue virus type 2.
Peptides. 92:23-30.



(1376)

32.

33.

34.

35.

36.

37.

E.D.J. Vol. 70, No. 2

Keqgiang Chen, Wanghua Gong, Jiagiang Huang, Teizo
Yoshimura, Ji Ming Wang (2021) The potentials of short
fragments of human anti-microbial peptide LL-37 as anovel
therapeutic modality for diseases. Frontiers in Bioscience-
Landmark, 26 (11):1362-1372. DOI:10.52586/5029

Zohaib Khurshid , Muhammad S. Zafar, Rabia S. Khan,
Shariq Najeeb, Paul D. Slowey, Ihtesham U. Rehman (2018)
Role of Salivary Biomarkers in Oral Cancer Detection Adv
Clin Chem. 86:23-70.doi: 10.1016/bs.acc.2018.05.002.

Okumura, K. (2011) Cathelicidins—therapeutic antimi-
crobial and antitumor host defense peptides for oral dis-
eases. Jpn. Dent. Sci. Rev. 47: 67-81.

Boch K, Langan EA, Kridin K, Zillikens D, Ludwig RJ and
Bieber K (2021) Lichen Planus. Front. Med. 8:737813.
doi: 10.3389/fmed.2021.737813

Sotiria Davidopoulou, Haris Theodoridis , Konstantinos
Nazer , Eftichia Kessopoulou , George Menexes, Sotirios
Kalfas (2014) Salivary concentration of the antimicrobial
peptide LL-37 in patients with oral lichen planus. Journal
of Oral Microbiology 6: 26156 - http://dx.doi.org/10.3402/
jom.v6.26156

Mumcu G, Cimilli H, Karacayli U, Inanc N, Ture-Ozdemir
F, Eksioglu-Demiralp E, et al. (2011) Salivary levels of an-

38.

39.

40.

41.

42.

Nayroz Abdel Fattah Tarrad, et al.

timicrobial peptides Hnp 1-3, L1-37 and S100 in Behcet’s
disease. Arch Oral Biol ; 57: 6426.

Deptuta, P.; Suprewicz, L.; Daniluk, T., Namiot, A
Chmielewska, S.J.; Daniluk, U.; Lebensztejn, D.; Bucki, R.
(2021) Nanomechanical Hallmarks of Helicobacter pylori In-
fection in Pediatric Patients. Int. J. Mol. Sci. 22: 5624.

Elosegui-Artola, A.; Oria, R.; Chen, Y.; Kosmalska, A.; Pérez-
Gonzdlez, C.; Castro, N.; Zhu, C.; Trepat, X.; Roca-Cusachs,
P. (2016) Mechanical regulation of a molecular clutch defines
force transmission and transduction in response to matrix ri-
gidity. Nat. Cell Biol. 18:540-548. [CrossRef] [PubMed]

Tokajuk,J.; Deptuta, P.;Piktel, E.; Daniluk, T.; Chmielews-
ka, S.;Wollny, T.;Wolak, P.; Fiedoruk, K.; Bucki, R. (2022)
Cathelicidin LL-37 in Health and Diseases of the Oral
Cavity. Biomedicines 10:1086.https://doi.org/10.3390/

biomedicines 10051086

Shih, Y.-H.;Wang, T.-H.; Shieh, T.-M.; Tseng, Y.-H.(2019)
Oral submucous fibrosis: A review on etiopathogenesis,
diagnosis, and therapy.Int. J. Mol. Sci. 20: 2940. [Cross-
Ref] [PubMed]

Wang, Q.; Sztukowska, M.; Ojo, A.; Scott, D.A.;Wang, H ;
Lamont, R.J. (2015) FOXO responses to P orphyromonas
gingivalis in epithelial cells. Cell. Microbiol. 17:1605—
1617. [CrossRef] [PubMed]



