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Abstract

Objective: To compare soluble HLA-C and HLA-DR molecules present in the plasma of orofacial cleft and
non-orofacial cleft populations. Material and Methods: Orofacial cleft patients were recruited using an
accidental sampling approach (n=15). Peripheral blood was collected from the participants and processed
for Enzyme Linked Immunosorbent Assay (ELISA) against HLA-C and HLA-DR with specific antibodies.
The absorbance was calculated utilizing ELISA reader. Data were statistically analyzed using an
independent t-test to compare the disease and control groups. Results: The levels of soluble HLA-C and
HLA-DR were significantly higher in the diseased group compared to the control group (p<0.05).
Conclusion: The role of HLA molecules in non-communicable disease and congenital anomalies,
particularly orofacial cleft, remains speculative despite the positive results of this study and those of
previous investigations. It suggests that the variables examined may affect specific pathways involved in the
pathogenesis of orofacial cleft, and predispose the individuals concerned to the oral cleft.
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Introduction

Orofacial Cleft (OFC) or Cleft Lip and Palate (CLP) is the most common congenital defect in
newborns. The cleft affects structures surrounding the oral cavity and leads to facial deformity resulting in
poor esthetic appearance and functional impairment in mastication, hearing and speech [17. It is one of the
non-communicable conditions that cause significant rates of mortality and morbidity and is included in the
Global Burden of Disease (GBD) initiative established by the World Health Organization (WHO) [27].

Its etiology is multifactorial, ranging from genetic to environmental. Rather than a single gene defect,
the pathogenesis of OFC is influenced by several genes involved in embryonic orofacial structure development
[87]. Numerous attempts have been made to analyze the predisposing genetic factors related to OFC. Several,
including Human Leukocyte Antigen (HLA), remain speculative [47].

Considerable research has been conducted into major histocompatibility complex (MHC), which in
humans is located in chromosome 6p21 and known as Human Leukocyte Antigen (HLA) [57. It pervades six
classical HLA genes and at least 132 protein-coding genes, executing the crucial role of regulating the immune
system and involved in molecular and cellular processes [67. HLA is categorized as class I, class II, or class III.
HLA class I is expressed in nucleated cells, while HLA class II is found on the surface of antigen-presenting
cells (APC) [7]. Unlike class I and II HLA that feature an MHC complex, HLA class III may contain
molecules such as tumor necrosis factor (TNF), complement proteins, heat shock protein (HSP) and
hydroxylase enzyme which are supportive of biological processes [87.

The major purpose of HLA molecules is to introduce peptide antigens into T lymphocyte cells in
order to stimulate an adaptive immune response [97]. Approximately 40-50% of the possibility of developing
pathological conditions results from genetics factors, with the remaining risk arising from harmful
environmental etiologies. The variation in class I and II HLA genes accounts for approximately half of the risk
of genetic disease, with about 40-50 remaining genes related to such risk [107. The initial association of the
HLA gene with human disease coincided with the discovery of the relationship between HLA-B and Hodgkin
lymphoma. MHC has subsequently been identified as the region of the genome that is related to a variety of
human diseases [117]. HLA has been used as a biomarker and point of interest in the study of various
conditions including autoimmune issues, infection, neoplasm and idiopathic diseases [87, diabetes type I [107,
ankylosing spondylitis [127, Parkinson’s disease 187, and HIV [14].

Biological markers, also referred to as biomarkers, have been defined as medical indicators of a normal
physiological, pathogenic process or a pharmacological response to medical treatment. The marker could be
evaluated through its molecular, histologic, radiographic, or physiologic features. However, a biomarker is
specific to the direct examination, known as a clinical outcome assessment (COA), of how a patient feels,
functions and survives. Certain types of a biomarker that elucidate the risk of developing a disease or medical
condition in an individual who currently presents no evident disease is known as a susceptibility or risk
biomarker [157.

HLA has been investigated as a potential susceptibility marker of various diseases, including OFC
[47]. However, its clinical use remains limited and requires further investigation and development. The
association between HLA and disease predominately consists of infectious and autoimmune cases [167]. The
role of HLA in non-infectious and non-autoimmune diseases remain inadequately studied, despite several

attempts to establish the relationship between HLA and developmental defects such as neuro-developmental
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disorders, particularly autism spectrum disorder and language impairment [17,187. The results of HLA
analysis may vary in different populations due to their geographical distribution. Therefore, the results of
similar studies undertaken in certain countries may not correspond to those of other research conducted in
different locations with dissimilar populaces [197. The present study aims to screen and investigate HLA class

I and II in Indonesian OFC populations.

Material and Methods
Study Design and Sample

The present study is classified as case-control incorporating an accidental sampling approach. The
participants were drawn from the Surabaya Cleft Lip and Palate Centre and comprised 15 OFC patients
(ranging from 5-16 years old) and non-OFC individuals as the control group. The members of the latter group
were matched by age to those of the OFC group without visible orofacial clefts, a history of cleft lip and palate
(CLP) surgical reconstruction, or a family history of clefts. Seven mL of peripheral blood were obtained from
all participants using EDTA, centrifuged to obtain plasma and subsequently frozen at -800C to enable further

analysis.

Laboratory Analysis

Enzyme-Linked Immunosorbent Assays (ELISAs) were performed on HLA-C and HLA-DR using
specific antibodies according to the manufacturer’s instructions. Human MHCC/HLA-C ELISA Kit (Catalog
Number: E-EL-H2331) (Elabscience Biotechnology Co., Ltd, Houston, TX, USA) and Human HLA-DR
ELISA Kit (ab223593) (Abcam, Cambridge, UK) were applied in the present study. All reagents and samples
were prepared at room temperature prior to use. 1X Cell Extraction Buffer, 1X Wash Buffer PT, Antibody
Cocktail were formulated according to the manufacturer’s instructions. The standard working solution was
prepared by performing serial dilution of stock standard for eight times, with standard #8 contains no protein
and is the blank control. 50 uL of standard and samples were added to appropriate wells. Each sample was
assayed with three replicates for statistical reasons. 50 pL was added to all wells. Incubation was performed for
one hour at room temperature. Each wells were aspirated and washed three times using 350 pL. 1X Wash
Butfter, followed by adding 100 pL. TMB substrate to each well and incubated for 10 minutes. 100 pL Stop
solution was added to terminate the reaction. The optical density was measured in less than 30 minutes after

the reaction had been terminated using an ELISA reader at wavelengths of 450 nm.

Data Analysis

The results were statistically analyzed using an independent t-test to compare each variable with the
normal value from the control group. A p-value lower than 0.05 was considered significant. Data were
analyzed to compare the CLP group and control group using IBM SPSS Statistics Software (IBM Corp.,

Armonk, NY, USA). A Kolmogorov-Smirnov test was performed to analyze normality.

Ethical Aspects

This research protocol was approved by the Ethics Committee of the Faculty of Dental Medicine,
Airlangga University (094/HRECC.FODM/III/2019). The objectives, risks, side-effects, and supplementary
information of this research were all fully explained to the children and their parents or legal guardians, with

written consent being obtained from all participants.
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Results
Orofacial cleft subjects were recruited in accordance with the LAHSAL system and their distribution
is presented in Table 1.

Table 1. Distributions of study participants.

Sex Bilateral Cleft Lip and Palate  Unilateral Cleft Lip and Palate Total
N N
Male 4 1 5
Female 5 5 10
Total 9 6 15

Of the bilateral cleft lip and palate patients, five possessed incomplete clefts diagnosed as LAHSAL,
HSAL, LAHS—1, LAHSh-- and La---aL.. Those patients with unilateral cleft lip and palate consisted of one
male and five females diagnosed with SHAL and AL. None presented a cleft lip-only (CLO) or cleft palate-only
(CPO) phenotype. The results of the ELISA relating to HLA-C and HLA-DR are shown in Table 2.

Table 2. Distribution of HLA-C and HLA-DR measurement.

Variables Mean Median Minimum Value Maximum Value SD
HLA-C

CLP 1.91 1.86 1.54 2.37 0.23

Control 2.29 2.38 1.84 2.59 0.26
HLA-DR

CLP 0.06 0.06 0.03 0.08 0.01

Control 0.13 0.12 0.08 0.19 0.04

The values of HLA-C and HLA-DR in the male and female participants were similar with a difference
of 0.07. The measurement of soluble HLA-C in the present study was p<0.01. The data revealed significant
differences in both soluble HLA-C and HLA-DR levels between the CLP group and the control group.

Discussion

The distribution of HLA may vary between ethnic and geographic populations, while the results of
HLA-related studies remain inconsistent between populations [197. MHC, which is located in chromosome
6p21, consists of nearly 150 genes that encode HLA proteins. Due to their proximity, the incidence rate of the
inheriting of these genes varies across populations worldwide. Cell surface receptors were encoded by MHC
genes and categorized according to their ability to process and present antigens to T cells. HLA class I were
expressed in all nucleated cells and presented antigen fragments intracellularly to CD8+ T cells. A cytokine-
mediated immune response was subsequently initiated. Unlike MHC class I cells, their MHC class II
counterparts were only found in antigen presenting cells (APC) such as B cells, macrophages and microglia. Its
main role is to present exogenous material within the cells via endocytic vesicles to CD4+ T cells [207].

Several attempts to analyze the association of CLP with HLA have been conducted. HLA locus is
associated with the pathogenesis of CLP in mice placed on a prolonged course of cortisone treatment [217].
Long-term maternal glucocorticoid consumption has been associated with a higher risk of the occurrence of
CLP [22]. To the best of the authors’ knowledge, a similar investigation analyzing parental corticosteroid

consumption with the occurrence of CLP and HLA expression in humans has not been reported to date.

Increased expression of HLA-DR has also been discovered in infants with CLP compared to healthy infants

[237].
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The mechanism involved in the HLA complex, possibly affecting the pathogenesis of CLP, has yet to
be firmly established, even though a significant number of studies have consistently reported the association. A
higher frequency of HLA-A, HLA-B and HLA-DR among cleft patients compared to that observed in a healthy
population has also been reported. The frequency of HLA-A has also increased among the Caucasian and
Mexican-American populations, although data relating to the Asian population has yet to be collated. HLA
studies on Japanese populations have revealed that the frequency of HLA-C was significantly higher compared
to that of a non-cleft phenotype. Despite this positive correlation, several studies have failed to analyze the
prevalence of HLA complex among CLP patients [247]. In this study, the HLA-C and HLA-DR were examined
due to geographical variations and represented both classes of HLA: HLA class I consisting of HLA-A, HLA-B
and HLA-C, and HLA-DR representing HLA class II. The data produced in the course of the present study
indicated that the levels of HLA-C and HLA-DR were significantly increased in CLP patients.

In addition to genetic factors, environmental ones also contribute to the etiology of CLP. Gene
mutation, whether involving single genes or polygenic in nature, may constitute the predominant hereditary
pattern. Every mutation creates a harmful effect that induces certain pathological conditions. It is widely
known that each individual possesses genetic susceptibility to various conditions, including oral cleft. The
phenotype develops if the stimulus is above the threshold level, whereas no cleft phenotype will occur if it is
below that level. The combined individual susceptibility of parents will be inherited by their offspring. Thus,
the offspring are prone to cleft phenotype. The probability of oral cleft is amplified when genetic susceptibility
is triggered by environmental factors that affect the mother prior to or during pregnancy [24].

The findings of the present study are particularly useful in profiling the levels of soluble protein HLA-
C and HLA-DR in CLP patients, which constitute essential preliminary data for further research leading to a
deeper understanding of HLA and CLP. The major limitation of this study was the lack of patient and parent
participation in the assessment of maternal nutrition levels due to geographical and social factors. CLP is
considered both a burden and an embarrassment to the affected families in most developing countries,
including Indonesia [25,267. Delivering treatment and conducting research related to CLP remains most
challenging in rural areas where healthcare remains inaccessible and members of the local population are
largely unaware of their oral health.

Despite these obstacles, the present study provides preliminary data for future research, particularly
that intended to reveal the roles of HLA in non-infectious and non-autoimmune medical conditions. The
studies relating to CLP in Indonesia have focused mainly on the clinical and social aspects. To the best of the
authors’ knowledge, no previous reports relating to HLA and CLP patients in Indonesia exist. It is, therefore,
their intention to provide information regarding the important roles of HLA in a variety of biological processes

and its potential utility as a biomarker for certain medical conditions.

Conclusion

The association of HLA with the pathogenesis of CLP remains controversial and represents an
opportunity for further exploration. Nevertheless, the data reported in this study reveals that there were
increased levels of HLA-C and HLA-DR in the CLP group, suggesting that the variables examined may aftect
specific pathways involved in the pathogenesis of CLP and predispose certain individuals to the oral cleft. More
exhaustive investigations to ensure correlation would support early diagnosis and the planning of therapy, as

well as providing educational information for the family involved.
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