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Abstract

Fc Gamma Receptor 3B (FcyRIIIB, encoded by the gene FCGR3B) plays a crucial role in immunity
response activated by cellular effectors and regulatory functions. Copy number variation (CNV) of
this gene has been previously reported to affect susceptibility to several diseases such as autoimmune
diseases and chronic inflammatory response. One of the rarest and smallest tribes of Orang Asli which
is Negrito-Mendrig sample was used as a subject in this study. Twenty-two (22) Lymphoblastoid cell
lines (LCLs) of Negrito-Mendrig was obtained from the deposited cell archive, Institute Medical
Molecular Biotechnology, IMMB (UiTM Sg Buloh, Selangor, Malaysia) and the LCLs were revived.
The DNA was extracted from the LCL and finally PRT — REDVR assay was carried for FCGR3B
copy number genotyping. Analysis revealed that copy number 2 demonstrated the highest distribution
for FCGR3B (90.9%); whilst no copy number loss was found for FCGR3B. For high copy number
(>2), 9.1% was obtained. Copy number greater than 3 (>3) was not found in this study. Finally, it was
concluded that no significant difference of CNV of FCGR3B for Orang Asli Negrito-Mendrig when
compared with the reported studies. CNV of FCGR3B genes of Negrito-Mendrig was found normal in
this study, where the pattern of copy number distribution was almost similar with previously reported
studies.
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Introduction

In 1990, the beginning of the Human Genome Project (HGP) made massive contribution because it
used enormous information in DNA to develop new methods to identify, treat, cure, or even prevent
the thousands countless of diseases that befall humanity. The potential for using genes of DNA in
molecular medicine can improve diagnosis of disease, earlier exposure of disease, drug design ratio,
gene therapy, discovery of noble drugs. This rapidly emergent field holds great potential for treating
or even curing genetic diseases. Since that day, genetics study had been vastly carried out including
the study on genetic variation. Every person is unique on their own and part of what makes an
individual unique is the genes itself. Genes are the instructions inside each of the cells that control
genetically and phenotypically. Generally, a person has two copies of each gene, one from the mother
and one from the father. Start from here, the slightest changes on their genes for each individual
undeniably unigque on their own and create a genetic variation.

One of the interesting genes that can be studied is on FCGR3B variation. Copy number variation
(CNV) is a large segment of DNA (typically >1 kb) that exist a variable number of copies when
compared with a reference genome sequence (Redon et al., 2006). These variations involve structural
changes of the genome such as insertions , deletions, duplications, translocations and inversions of
the DNA segments (Zarrei, MacDonald, Merico, & Scherer, 2015). CNVs can be found in humans
genome (Sudmant et al., 2015). Several studies have reported that CNVs may influence disease
susceptibility. The changes of CNV in particular gene for the individual are associated with several
diseases, including cancer, infectious disease, autism, neurological disorders and autoimmune disease
(Sismani, Koufaris, & Voskarides, 2015).
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There are three major Fc receptors, comprising Fc-alpha receptors (FcaR), Fc-gamma receptors
(FcyR) and Fc-epsilon receptors (FceR) (Sondermann & Szymkowski, 2016). FCGR gene cluster
consists of FCGR 1, 2 and 3. FCGR3B which encodes the FcyRIIIB protein is located on chromosome
1g23.3. It is a paralogue of the neighbouring FCGR3A gene. The attachment to the cell surface and
their expression pattern is differ for FCGR3A and FCGR3B. FcyRIIIA has a transmembrane segment
and found on natural Killer cells, whereas FcyRIIIB is shortened by a mutation changing on arginine
codon to a stop codon. It is attached to the cell membrane by a glycophosphoinositol anchor and is
expressed mainly on neutrophils (Heineke & van Egmond, 2017). CNV has been reported to be
present both on FCGR3A and FCGR3B (Franke et al., 2016; Lee et al., 2015; Wang et al., 2016). The
CNV on FCGR3B is reported to be connected with susceptibility with several number of autoimmune
diseases including systemic lupus erythematosus (SLE) and rheumatoid arthritis (Lee et al., 2015;
Wang et al., 2016; Yuan et al., 2015).

Point to note, variation of genetic is an interesting topic, but study has been lacking, particularly on
specific genetic variation on rare population. Because of this matter, we came up with the idea to
study the variation of this gene on the indigenous people, particularly on Negrito-Mendriq tribe. In
Peninsular Malaysia, indigenous people are one of the isolated ethnic groups, locally known as Orang
Asli. According to Department of Statistics Malaysia in 2010, Orang Asli represents only 0.5 % of the
total Malaysian population. The Orang Asli is categorized into three major tribes, namely, Negrito,
Senoi and Proto Malay. Negritos are the smallest and oldest population inhabit in peninsular Malaysia
which contribute only 0.15% of the total population (Abdullah & Ahmad, 2019; Subramaniam &
Nicholas, 2018; The HUGO Pan-Asian SNP Consortium, 2009). The Negritos are further divided into
six sub-tribes based on their socio-cultural practices, geographical region, and specific linguistics. The
six sub-tribes are Bateq, Mendriq, Jehai, Kensiu, Lanoh and Kintak (Abdullah & Ahmad, 2019).

The smallest Orang Asli Negrito is Negrito-Mendrig and we believed that they may have unique
variation on their gene (i.e. FCGR3B). They had adjusted and adapted to the massive environmental
changes in the tropical rainforest environment for a long period and dealing with limited food and
resources. Due to their lengthy period of isolation, they have suffered from several specific health
problems besides malnutrition and hygiene issues including malaria, tuberculosis, leprosy, upper
respiratory and skin infections (Khor et al., 2018; Liu et al., 2015; Loong et al., 2018; Phua, 2015).
Although several small scales of biomedical studies were carried out on these people, the majority of
the studies focused on helminth and protozoan infections, as well as nutritional status of the
communities (Ngui et al., 2015; C. Y. Wong et al., 2015; W. K. Wong et al., 2016). We believed that
characterizing the genetic variation of the isolated populations, specifically on copy number variation
of FCGR3B can offer valuable information to the gene mapping of complex diseases in order to better
information how genetic variation contributes to the health of human being. In addition, due to the
unique population and migration history of Negrito, we came up with a hypothesized that the CNV of
FCGR3B Negrito may vary. In addition to that, the findings will reveal further knowledge of genetic
variation of FCGR3B for Negrito-Mendrig.

Methods
Sample recruitment and DNA Extraction from LCLs

The sample was recruited from established lymphoblastoid cell lines (LCLs) from our previously
reported study (Yusof et al. 2016). A total of twenty-two (22) LCLs of Negrito-Mendrig was obtained
from the deposited cell archive, Institute Medical Molecular Biotechnology, IMMB (UiTM Sg Buloh,
Selangor, Malaysia). LCLs were revived from cryopreserved and were cultured in 75-cm2 T-flasks
consist of RPMI 1640 (Gibco) added with 10% fetal bovine serum (FBS). The culture medium was
replaced twice or thrice a week with replacement by fresh medium depend on condition of culture.
Upon approving proliferation of the cells that achieve desired culture number, the LCLs were
harvested and were used for the following procedure.
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By using 10 ml serological pipette, the LCLs in 75-cm2 T-flasks were evenly dispersed by pipetting
up and down. One ml (1 ml) of LCLs form 75-cm2 T-flask was transferred into 15 ml Falcon tube.
The LCL was washed with 12 ml PBS (twice) and centrifuged for 300 g for 10 min at room
temperature. The supernatant was discarded and the pellet containing of LCLs sediment was re-
suspended with 200 pl of PBS and transferred into 1.5 ml micro centrifuge tube. The micro centrifuge
tube was stored at -20°C not more than 6 h before proceeding with the DNA extraction. DNA was
extracted from LCLs using the Qiagen Mini Blood Extraction Kit (Qiagen, Germany) by following
the manufacture’s protocol.

Characterization of FCGR3 CNV using PRT — REDVR assay
Paralogue Ratio Test (PRT)
The PRT-REDVR assay was performed as described by Hollox et al. (2009). The 10 ng/10 ul of DNA

was amplified with 0.5 uM FAM- or HEX labelled forward primer and 0.5 uM FAM- or HEX-
labelled reverse primer, in a reaction buffer. The primer sequences used were as following;

FCGR3B_Forward (HEX) 5’-ATGATCTGGCCCTGAAACTC-3’
FCGR3B_Forward (FAM) 5’-ATGATCTGGCCCTGAAACTC-3’
FCGR3B_Reverse 5’-TGAGTTCAAGAAAGCAGTTG-3’

The two amplifications were performed with FAM- or HEX- labelled primer, to sanction detection of
the amplicons on the capillary electrophoresis for internal calibration. The products were augmented
using 30 cycles of: 95°C for 30 s, 56°C for 30 s and 70°C for 30 s followed by single chase of 56°C
for 1 min then 70°C for 20 min to reduce levels of single-stranded DNA products. After the PCR cycle,
each PCR product was added with 10 pl deionized formamide, and analysed by electrophoresis on an
ABI 3100 Genetic Analyzer (Applied Biosystems, Warrington, UK), with an injection time of 30 s.

PCR amplicons for size 72 base pairs (bps) corresponding to chromosome 18, and sized 67 bps
corresponding to chromosome 1, were recorded for both FAM- and HEX- labelled products. The ratio
of the areas under 72 bps and 67 bps peak was compared, and the results were accepted if the
coefficient of variation was <0.15. The coefficient is measure as standard deviation divided by the
mean. The mean of the FAM and HEX ratio was used in further analysis. Both the mean ratios and 9
reference standards sequence with known copy numbers obtained from Human Random Control DNA
(European Collection of Cell Cultures) were used as the calibration for each experiment. The linear
regression was evaluated to measure the copy number of FCGR3 for Negrito-Mendrig samples, as
described in Hollox et al. (2009).

Restriction Enzyme Digest Variant Ratio (REDVR)

Two REDVR assays were used in this procedure; first assay was used to differentiate variant from
FCGR3A and FCGR3B and the other to differentiate neutrophil antigens HNAla and HNAlb
(9.147C>T). The amplifications of these segments were in duplex was carried out using specific
primer sequences as following:

38_Forward (FAM) 5’-AAGACTGAGCCACCAAGCAT-3’
38 Reverse 5’- CTCCCTGGCACTTCAGAGTC-3
234_Forward (HEX) 5’-TTTTGCAGTGGACACAGGAC-3’
234_Reverse 5-GGGTTGCAAATCCAGAGAAA-3’

2 u L of PCR product was digested with 10 units of Taqal restriction enzyme (New England Biolabs)
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in 50 mM Tris-Cl (pH 7.9 at 25°C), 100 mM NacCl, 10 mM MgCl,, and 1 mM dithiothreitol in a final
volume of 10 pl for 4 hours at 65°C. The products were masured with capillary electrophoresis on an
ABI 3100 Genetic Analyzer (Applied Biosystems) and analysed with GeneScan software (Applied
Biosystems). Mean ratios of the product along with the reference standard for experimental
calibration were applied. The result was recalled to measure the copy number calls. The primer pair
38_ differentiates FCGR3A from FCGR3B while the primer pair 234 differentiates the HNA1a region
from HNALb. Both combination PRT analysis and REDVR analysis was performed for copy number
call, using likelihood as described previously (Hollox et al., 2009). The total copy number calls for
FCGR3A and FCGR3B genes were computed in PRT analysis, whereas the REDVR analysis compute
the copy numbers of FCGR3A and FCGR3B based on the ratio determined. Analyses were performed
using Microsoft Excel except otherwise stated (Hollox et al., 2009). Descriptive analysis of the copy
number was done using Microsoft Excel in which the data was expressed as number (n) and
percentage.

Result and Discussion
The Institute Medical Molecular Biotechnology LCL Collection

The deposited cell archive, Institute Medical Molecular Biotechnology, IMMB (UiTM Sg Buloh,
contains a total of 84 established LCL samples including Malays and Orang Asli samples. Out of 84
LCL samples, a total of 22 samples were from LCL of Negrito-Mendrig. These 22 samples of LCL
Negrito-Mendrig were revived from cryopreserved and after achieving the desired cell proliferation,
we harvested the cell for DNA extraction. The cryopreserved LCL is in good condition when we
revived the samples for harvesting the cell. 100% success rate for the revival of LCLs from the
archived collection was achieved. Information on the established LCL was given in Table 1 below.

Table 1: LCL sample form the deposited cell archive, Institute Medical Molecular Biotechnology, IMMB.

LCL samples Number of LCL samples, n
Malay 25
Orang Asli (Negrito-Mendriq) 22
Another Orang Asli Negrito 37
Total LCL 84

Meanwhile, for the DNA extraction from the LCL, the DNA concentration extracted for each 200 ul
of LCL was in range of 75.88 - 140.31 ng/ul and the DNA purity was between 1.84-1.97 when
measured by using nanospectrophotometer ND-1000 (Nanodrop). From the result, DNA samples
extracted from the LCL fulfilled the quality requirement for genotyping. DNA with purity between
1.8 and 2.0 was acceptable for PRT- REDVR genotyping.

Analysis of FCGR3 CNV

PRT assay produced a copy number call for the sum of the FCGR3 which included both FCGR3A and
FCGR3B in total; while REDVR produced results in the ratio of FCGR3A:FCGR3B. The result was
interpreted solely based on the ratio of FCGR3B to FCGR3A, therefore, copy number call from this
assay was in integer (1, 2, 3 etc.). The values of the size of the peak area obtained from fragment
analysis of both PRT and REDVR was applied in the equation for the regression during copy number
analysis. The copy number likelihood was calculated in an algorithm sheet that contributed by Doctor
Edward J Hollox from Leicester University, England. The distribution of CNV for FCGR3B was
illustrated in the Table 2 and the Figure 1 below.
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Table 2: The distribution of CNV for FCGR3B

No Sample of Negrito-Mendriq FCGR3B Copy number
1 K1 2
2 K2 2
3 K4 2
4 K5 2
5 K6 2
6 K7 2
7 K8 2
8 K9 3
9 K10 2
10 K11 2
11 K12 2
12 K16 2
13 K18 2
14 K22 2
15 K23 2
16 K25 2
17 K26 2
18 K28 2
19 K31 2
20 K32 2
21 K36 3
22 K37 2

25

Distribution of Copy Number FCGR3B on Negrito-Mendrigq

20

15

10

low CN (<2) normal CN (2) high CN (>2)

EFCGR3B

Figure 1: The distribution of copy number for FCGR3B based on copy number (low, normal and high)
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From the Table 2 and Figure 1 above, the copy number calls obtained from PRT-REDVR were ranged
from 2 to 3. Copy number 2 demonstrated the highest distribution for FCGR3B; whilst no samples
were observed for copy number loss. For the percentage, majority of the samples had two copy
numbers (2) for FCGR3B which was 90.9%. Then again, high copy number (>2) was observed for
FCGR3B which is 9.1%. Copy number greater than 3 (>3) was not found in our study.

Previous reports suggested that different ethnic or tribe groups might signify different profiles of
CNVs that are scattered in the human population because of their complex demographic histories
(Kidd et al., 2008; Redon et al., 2006). Nearly 96% of the current genome-wide association studies
were piloted on European ancestry (Bustamante, De La Vega, & Burchard, 2011) and therefore there
is an increasing necessity to reveal the variety of human genetic diversity by investigating minority
population for example the aboriginal populations in Southeast Asia (SEA) countries. The finding of
this study serves to complement the existing information on global CNV map.

Considering CNVs for the entire genome, the CNVs are generally caused by insertions, deletions, and
inversions of various sizes of DNA fragments (Redon et al., 2006; Zarrei et al., 2015). CNVs occurred
at least 10% of the human genome (Scherer et al., 2007; Sudmant et al., 2015; Zarrei et al., 2015).
Some complex medical disorders such as cancer and autoimmune diseases, innate immune system
genes, and B-defensin antimicrobial gene clusters related on CNVs (Case et al., 2015; Fanciulli et al.,
2007; Green et al., 2016; Sismani et al., 2015; Tansey et al., 2016). For that reason, CNVs give the
impression to be a significant source of genetic and phenotypic variation (Sismani et al., 2015).

Therefore, isolated populations such as Negrito-Mendrig, remains an ideal model of study in
population genetics, especially in the efforts of locating the signatures of positive selection, and
mapping the disease traits. Another point to note is that, reported by JHEOA 2016 (JHEOA, 2016),
the Negrito-Mendriq considered the smallest population in Malaysia which is less than 82 people left.
Therefore, we considered the study on them is decisive. Detecting CNVs within and between
populations is crucial for a better information of the genome and to interpret its possible contribution
to disease. This study not only contribute to the continuous sources for genomic of rare ethnic
population, but also providing the FCGR3B CNV characterization of the indigenous populations in
Southeast Asia population, which would be essential in both human evolution and medical
implications.

As general, FCGR3B gene copy number distribution in this study exhibited the similar patterns of
distribution in the study reported by Hollox et al. (2009) and Machado et al. (2013). Both studies had
genotyped this gene on a number of populations and found FCGR3B was distributed between copy
number 1 to 4. They also stated copy number 2 as the highest percentage (60% to 88%) of distribution
in every population. This is in line with our finding, of which the frequency of copy number 2
(90.9%) were similar with reported in other populations globally, including Japanese, Chinese,
European and African (Hollox, Detering, & Dehnugara, 2009).

On a separate note, none of the samples studied were low copy number. Strikingly, no copy number
greater than 3 (>3) was found in our study which was slightly different with the previous study. The
Japanese and Chinese populations were reported to have more than 30% of the populations with high
copy number (Hollox et al., 2009). This may be attributed to the different evolutionary mechanisms
hence leading to the process of natural selection and local adaptation in the immune response against
pathogen diversity (Hollox & Hoh, 2014). This postulation is supported by a recent study carried out
(Sudmant et al., 2015). However, further investigations should be carried out to address such
postulation.

(Almal & Padh, 2015) and (Wang et al., 2016) revealed that multiallelic polymorphism for the copy
number of FCGR3B was considerably associated with systemic autoimmune disorders. A strong
correlation also was found between CNV of FCGR3B with systemic lupus erythematosus (SLE) in
individuals with low copy number (<2) in UK cohorts and same association was reported in other
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populations (Willcocks, Smith, & Clatworthy, 2009). McKinney, (2010) also found a significant
result for association of low FCGR3B gene copy number (<2) with rheumatoid arthritis which was
concurrence with the association study on low copy number of this gene (Almal & Padh, 2015; Y. et
al., 2017). Another study documented a significant association between lower copies numbers for
FCGR3B in the HIV-TB co-infected in the Ethiopian cohort (Lee et al., 2015).

Almost all previous findings were in line with the trend of our study, especially when compare on
healthy individual populations globally, including Japanese, Chinese, European and African (Hollox
& Hoh, 2014; Qi et al., 2016; Rahbari et al., 2017; Tsang-A-Sjoe et al., 2016). Most studies, if not all,
focuses on the low copy number of FCGR3B, there is quite lacking on study or disease reported on
gain copy number of FCGR3B (Yuan et al., 2015). Furthermore, this study may help in the
enrichment data information regarding CNV of FCGR3B and how this gene plays its role in the
human variation, specifically in Southeast Asia population.

Conclusion

In conclusion, due to the unique population and migration history of Negrito, we initialy hypothesized
that the CNV of FCGR3B among Negrito-Mendrig may vary from the other populations. However, it
was found that no significant different of CNV of FCGR3B for Orang Asli Negrito-Mendrig when
compared with the previous studies. It can be said that FCGR3B genes of Negrito-Mendriq was
appraised as normal copy number, where the pattern of copy number distribution was almost similar
with previous reported study. CNV analysis in big cohorts may offer a better insight to the magnitude
to which FCGR3B variants outline the risk of the common disease; such inquiries may set early
models for consequent hard work to study rare variants through large-scale sequencing. However,
further investigation with appropriate population genetics model is required to warrant further
postulation. Ultimately, the outcome of this study could serve as a stepping stone to a better
understanding of human variation and evolution, and the fundamentals of disease mechanism, hence
essential to tomorrow’s medical implications.
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