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Abstract
The aims of this study were to investigate the coding sequence and the deduced amino acid sequence of Asian elephant’s biglycan gene as 
well as its expression in different tissues and conditions using wound healing as a model. The results showed that Asian elephant biglycan 
coding sequence was 1,110 base pair (bp) long (accession number: JQ753329), encoding 369 amino acids. The coding and amino acid 
sequences between Asian and African elephants revealed 99% and 98% similarity, respectively. The conserved domains of biglycan protein 
were also observed. In addition, its expression was found in 15 tissues with a predominant expression in cartilage and spleen. For expression 
analysis in the wound healing process, it was found that the level of biglycan mRNA was influenced by many factors, including age, type of 
wound and stage of wound healing.
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Asya Filinde (Elephas maximus) Biglikanın Tanımlanması, 
Karakterizasyonu ve Ekspresyon Analizi

Özet
Bu çalışmanın amacı Asya filinde biglikan kodlayan sekans ve sonuçlanan amino asit sekansı ile farklı dokulardaki ekspresyonunu 
araştırmak ve yara iyileşmesindeki durumunu incelemektir. Elde edilen sonuçlar Asya fili biglikan kodlayan sekansın 1110 baz çifti 
(Ulaşım Numarası: JQ753329) olduğunu ve 369 amino asit kodladığını göstermiştir. Asya ve Afrika filleri arasında kodlama ve amino asit 
sekansları birbirleriyle sırasıyla %99 ve %98 oranında benzerlik gösterdi. Biglikan proteinde korunmuş domainin varlığı gözlemlendi. 
Ayrıca biglikan ekspresyonu 15 farklı dokuda tespit edilirken kıkırdak ve dalakta baskın olarak eksprese edildiği belirlendi. Yara 
iyileşmesindeki ekspresyon analizinde biglikan mRNA seviyesinin yaş, yara tipi ve devresi gibi birçok faktör tarafından etkilendiği 
tespit edildi. 

Anahtar sözcükler: Asya fili, Biglikan, Gen ekspresyonu, Sekanslama, Yara iyileşmesi
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INTRODUCTION

Asian elephants (Elephas maximus) have a close relationship 
with Thais and their culture for more than 700 years. 
However, Asian elephants became an endangered species 
in the International Union for Conservation of Nature 
(IUCN) Red List and the first account of the Convention 
on International Trade in Endangered Species of Wild Fauna 
and Flora (CITES). Health problem is an important factor 
influencing their life quality [1], especially diseases or 
disorders in musculoskeletal system and wounds [2]. 
Although many clinical studies have been done on 
musculoskeletal system and wound healing of Asian 
elephants, little is known about the musculoskeletal genes  
of this species.

Many genes involving musculoskeletal system have been 
identified and characterized. Biglycan, also known as 
BGN, PG-1, DS-PG1, and PG-S1, is a member of the small 
leucine-rich proteoglycan (SLRP) family. This proteoglycan  
is associated with extracellular matrix (ECM) formation 
as an important structural component and signaling 
molecule [3], which can be found in many organs [4]. 
Therefore, the alteration of biglycan at DNA, RNA and 
protein can influence the progression and the recovery of 
many diseases and disorders, such as degenerative joint 
disease, chronic heart failure and other inflammatory 
diseases [5-7]. The biglycan gene has been identified in many 
organisms, but, for Asian elephant, only the intron region  
of the gene was studied. In addition, there was no previous 
report on its gene expression profile in various tissues of 
the Asian elephant, which is generally studied together to 
indicate the gene function and its expression pattern on 
pathological conditions. Hence, this study was conducted 
to investigate the coding sequence of the biglycan gene,  
the mRNA expression of this gene in the various tissues 
of the Asian elephant including its expression pattern in 
some pathological conditions.

MATERIALS and METHODS

This research consists of two main studies. The first is the 
identification and characterization of coding sequence of 
the biglycan gene and its deduced amino acid sequence in 
Asian elephant. The other study is to provide the expression 
levels of biglycan gene in various tissues of Asian elephant, 
including tissues undergoing wound healing at different 
conditions as an example model.

Animals

Different tissues (skin, pancreas, heart, cartilage, large 
intestine, kidney, lung, muscle, spleen, liver, cecum, lymph 
node, small intestine, placenta, thymus) were collected 
from six Asian elephants (age of 1 day to >60 years) 
immediately after death. Wounded skin samples were 
taken from three living elephants with different wound 

conditions from the Thai Elephant Conservation Center 
(TECC) (Lampang, Thailand) and the Friends of the Asian 
Elephant Organization. The information regarding the 
Asian elephants is provided in Table 1. These tissues were 
stored at -80°C until use.

RNA Isolation and Reverse Transcription

Total RNA was extracted from 20 mg of tissue samples 
using InviTrap® Spin Universal RNA Mini Kit (Invitek, 
Germany), according to the manufacturer’s protocols. 
The contaminated genomic DNA was eliminated using 
DnaseI (Fermentas, USA), following the manufacturer’s 
instructions. The RNA quantity, purity, and integrity were 
verified using both native RNA electrophoresis on 1% 
agarose gel and UV absorbance ratio at 260 nm and 280 
nm. cDNA was synthesized from 100 ng of total RNA using 
M-MuLV® Revertid reverse transcriptase (Fermentas, USA) 
at 65°C for 5 min, 37°C for 5 min, and 42°C for 90 min in 
Thermal Cycler (Biorad, USA). 

ExpErimEnt 1: idEntification and charactErization of Biglycan 
coding SEquEncE

Cloning and Sequencing of Coding Sequence of Asian 
Elephant Biglycan cDNA

The first partial coding sequence of biglycan was amplified 
using primer pair (F1/R1). This primer pair was firstly 
designed from the conserved regions of various mammals 
including cattle (NM_178318), pigs (XM_003135475), mice 
(NM_007542), rats (XM_001057996), orangutans (NM_ 
001132116), dogs (NM_001003229), rabbits (NM_ 
001195691), and sheep (NM_001009201). The partial coding 

Table 1. Name and description of Asian elephants used in this study

No. Name Age 
(years) Sex

Sampling Tissues

Gene Expression Analysis in 
Various Tissues

1 Bua-ngern 50 F
skin, pancreas, heart, cartilage, 
large intestine, kidney, lung, 
muscle, spleen, liver, cecum

2 Kod >65 M skin, heart, large intestine, kidney, 
lung, spleen, liver, small intestine

3 Somjai 60 F cartilage, kidney, spleen

4 Thongtae 3 M heart, lung, spleen, liver, lymph 
node, small intestine

5 Baby 1 day M heart, kidney, spleen, liver, lymph 
node, thymus, placenta

6 Lomsak 2 M heart, kidney, small intestine

No. Name Age 
(years) Sex Gene Expression Analysis in 

Wound Healing

7 Momae 18 F nearly closed, acute wound on 
left foot

8 Mogradee 19 F new, acute wound at belly

9 Saithong 35 F chronic wound on forehead 
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sequence of biglycan was then cloned into the TA cloning 
vector (RBC Bioscience, Taiwan), and sequenced by 1st 

BASE, Malaysia. The obtained partial sequence was then 
used together with African elephant biglycan gene (XM_ 
003421701.2) to design the F2/R2 and F3/R3 primer pairs, 
to amplify the whole coding sequence. Next, the biglycan 
fragments amplified from primer F2/R2 and F3/R3 were 
also cloned and sequenced. The coding sequences were 
acquired from three individual Asian elephants.

Nucleotide and Amino Acid Sequence Analysis 

Three partial coding sequences were analyzed using the 
BLAST program [8] and combined into a complete biglycan 
coding sequence by Clustal X program [9]. The amino acid 
sequences were deduced using the six-frame translation 
program (www.bioline.com/media/calculator/01_13.html) 
and analyzed by the BLAST program.

ExpErimEnt 2: gEnE ExprESSion analySiS of Biglycan in aSian 
ElEphant

Expression Analysis of Asian Elephant Biglycan mRNA 
Expression in Different Tissues and Wound Healing Using 
Real-time PCR

The mRNA expression of biglycan in different samples 
was performed using Real-time Thermal Cycler, MyiQ5 
(Biorad, USA) with 2X SYBR Green qPCR Master Mix 
(RBC Bioscience, Taiwan), following the manufacturers’ 
instructions. The primer pair F1 and R4 (5’-CAGGTTCAA 
AGCCACTGTTCTCC-3’), which was designed based on the 
newly discovered biglycan coding sequence, was utilized 
in this experiment. The housekeeping gene, glyceraldehydes 
3-phosphate dehydrogenase (GAPDH), was used as the 
internal normalization with the GAPDH primer (F: 5’-ATC 
ACTGCCACCCAGAAGA-3’, R: 5’-TTTCTCCAGGCGGCAGGT 
CAG-3’) designed from the accession number, FJ423089.1. 
PCR reaction was performed at 95°C for 5 min; 45 cycles 
of 95°C for 15 s, 62°C for 30 s, 72°C for 30 s, and, 72°C for 7 
min. The expression of biglycan was calculated by the 2-ΔCT 
method and normalized by the GAPDH expression [10].

Statistical Analysis

Statistical analysis using student’s t-test and analysis 
of variance (ANOVA) was conducted to determine the 
difference in the mean values of the expression level 
between groups of the different tissues and mRNA levels 
of individual wounded-skin samples, respectively. The P 
value for significance was set at P≤0.05.

RESULTS
Identification and Characterization of the Coding Region  
of Asian Elephant Biglycan Gene

The full length of biglycan cDNA of the Asian elephant was 
amplified, found to be 1,110-bp long (Fig. 1) and deposited 

in the GenBank database as accession number, JQ753329. 
The sequence shared 99% homology with that of African 
elephants. Among the three Asian elephant biglycan 
sequences derived in this study, a single nucleotide 
polymorphism (SNP) at position 303 was exhibited as 
thymine (T) or cytosine (C), resulting in a silent mutation 
which was translated to asparagine (Fig. 1). The 369-amino-
acid sequence of Asian elephant biglycan in the primary 
structure was presented in Fig. 1. The putative molecular 
weight was 3.7 kDa with an isoelectric point of 8.39. This 
amino acid sequence also shared 98% homology with that  
of the African elephant.

Expression Analysis of Asian Elephant Biglycan in 
Different Tissues Using Real-time PCR

It was found that the Asian elephant biglycan mRNA was 
ubiquitously expressed in different levels in various tissues 
(Table 2). High levels of expression in cartilage and spleen 
were observed, while the biglycan mRNA levels in skin, 
pancreas, muscle, cecum, and placenta were relatively 
low (expression level <0.1). Significantly higher expression 
level of biglycan mRNA was found in young elephant 
group (1 day - 3 years), compared to those of the old group 
(≥50 years), in spleen, liver and small intestine. But in 
kidney, lung and heart, there was no significant difference 
between the two groups. For gene expression in wounded 
skin at different pathologic conditions, the result was 
showed in Table 3. 

DISCUSSION

Due to the close relationship in evolution between the 
Asian and African elephants as they belong to the same 
order, Proboscidae, we hypothesized that both coding 
sequence and amino acid sequence of biglycan of the 
Asian elephant might be similar to those of the African 
elephant. The 99% and 98% homology of the biglycan 
coding and amino acid sequence, respectively, between 
the Asian and African elephants agreed with our hypo-
thesis. Six conserved structures including signal peptide 
sequence, pro-peptide region, LRR regions, Cysteine loop 
(CX3CXCX6C) at N-terminal that defines it as a member 
of SLRP classI, Cystein loop at C-termnial and Ser-Gly 
dipeptides, the GAG attachment site, were also observed 
and similar to the structure of biglycan in other species [4,11]. 
These similar structures may suggest the function of 
biglycan as an important component for connective tissue 
formation [5,6,11].

This study was the first report of biglycan gene expression 
profile in various tissues of the Asian elephant. From the 
result, biglycan mRNA was predominately expressed 
in cartilage and spleen. This was consistent with the 
pre-vious study in other species [12,13]. Moreover, the 
decreased expression level of biglycan in spleen, liver 
and small intestine in the old elephant group was found. 



1000
Biglycan Characterization and Expression in Asian Elephant

This was similar to the decline of 
biglycan mRNA in human articular 
cartilage which correlates to the 
increasing age [14]. Although the 
difficulty in acquiring normal 
sample was a critical factor that 
affected the limited expression 
profile of the gene as shown in 
Table 2, these data could support 
the function of biglycan and 
indicated the preliminary trend  
of its gene expression pattern 
in various tissues of the Asian 
elephants.

Skin wound was chosen as a model 
in this study due to its simplicity 
of sample collection and observa-
tion of the pathophysiology of the 
samples. Because age and gender 
are the important factors that 
affect the physiological changes  
of wound healing [15]. The sig-
nificant difference of biglycan 
expression between Momae and 
Mogradee (similar age and same 
sex) might be due to the different 
stage of wound healing process, 
as Momae had the nearly closed 
wound (maturation stage) but 
Mogradee had the open wound 
with pus (inflammation and prolif- 
eration stages). The higher expres-
sion of biglycan gene in Mogradee, 
compared to that of Momae, might 
be a result of its function as an early 
response gene in inflammatory 
condition and a participating gene 
in ECM formation during the 
proliferation stage [3,7]. For Saitong, 
the lowest expression level might 
be due to the older age of 
Saitong than those of the other 
elephants. Besides, loss of growth  
factors in chronic wound [16] 
especially transforming growth 
factor-β (TGF-β) might be a critical 
factor for the low expression of 
biglycan that is usually stimulated 
by TGF-β in ECM formation [14]. 
Thus, the expression pattern of 
biglycan mRNA in wound healing 
in Asian elephant in this study was 
influenced by age, stage of wound 
healing and wound  type, which 
was similar to the previous studies [5]. 
This was also in agreement with 

Fig. 1. The nucleotide and deduced amino acid sequence of Asian elephant biglycan including the 
primers, and their binding sites, used to clone this coding sequence. The primer sequence with its name 
were shown above the nucleotide sequence with highlight. Forward primer sequences are given in 5’ to 
3’ direction. Reverse primer sequences are shown as 3’ to 5’ direction. The red highlight with white letters 
indicates a nucleotide with polymorphism (T or C). The asterisk shows a stop codon as TAG. The blue and 
pink letters indicate the putative signal peptide (amino acid 1-16) and pro-peptide region (amino acid 
17-37), respectively. Four Ser-Gly dipeptides are indicated by green letters. The Cystein loop at N-terminal 
(C64 to C77) is given in red box. Ten LRR regions (x-L-x-x-L-x-L/I-x-x-N-x-L/I) are indicated by red letters. The 
letters in black box represent the Cystein loop at C-terminal (C322 to C355)
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the alteration of expression pattern of biglycan by growth 
factors and pathologic conditions [4].

In this study, the first coding sequence of Asian elephant 
biglycan (1,110 bp) with a deduced amino acid sequence 
(369 amino acid) and some conserved structures were 
presented. High expression levels of biglycan were found 
in cartilage and spleen. The expression levels of biglycan 
mRNA that was related to the physiology of wound healing 
were also revealed. These study provided the preliminary 
information for further study on developing biomarker 
for the detection and treatment of disorders related to 
biglycan in Asian elephant.

REFERENCES

1. Wildlife Information Network: Elephant: Diseases and treatment. 
In, Vila-Garcia G, Bourne DC, (Eds): Wildpro. Warwickshire, UK: Wildlife 
Information Network; 2006.

2. Angkawanish T, Boonprasert K, Homkong P, Sombutputorn P, 
Mahasawangkul S, Jansittiwate S, Keratimanochaya T, Clausen B: 
Elephant health status in Thailand: The role of mobile elephant clinic and 
elephant hospital. Gajah, 31, 15-20, 2009. 

3. Nastase MV, Young MF, Schaefer L: Biglycan: A multivalent 
proteoglycan providing structure and signals. J Histochem Cytochem,  
60 (12): 963-975, 2012. DOI: 10.1369/0022155412456380

4. Wadhwa S, Embree MC, Bi Y, Young MF: Regulation, regulatory 
activities, and function of biglycan. Crit Rev Eukaryot Gene Expr, 14 (4): 301-
315, 2004. DOI: 10.1615/CritRevEukaryotGeneExpr.v14.i4.50

5. Boykiw R, Sciore P, Reno C, Marchuk L, Frank CB, Hart DA: Altered 
levels of extracellular matrix molecule mRNA in healing rabbit ligaments. 
Matrix Biol, 17 (5): 371-378, 1998. DOI: 10.1016/S0945-053X(98)90089-0

6. Westermann D, Mersmann J, Melchior A, Freudenberger T, Petrik C, 
Schaefer L, Lullmann-Rauch R, Lettau O, Jacoby C, Schrader J, Brand-
Herrmann SM, Young MF, Schultheiss HP, Levkau B, Baba HA, Unger T, 
Zacharowski K, Tschope C, Fischer JW: Biglycan is required for adaptive 
remodeling after myocardial infarction. Circulation, 117 (10): 1269-1276, 
2008. DOI: 10.1161/circulationaha.107.714147

7. Schaefer L, Babelova A, Kiss E, Hausser H-J, Baliova M, Krzyzankova 
M, Marsche G, Young MF, Mihalik D, Götte M, Malle E, Schaefer RM, 
Gröne H-J: The matrix component biglycan is proinflammatory and 
signals through Toll-like receptors 4 and 2 in macrophages. J Clin Invest,  
115 (8): 2223-2233, 2005. DOI: 10.1172/JCI23755

8. McGinnis S, Madden TL: BLAST: At the core of a powerful and 
diverse set of sequence analysis tools. Nucleic Acids Res, 32 (suppl_2): 
W20-W25, 2004. DOI: 10.1093/nar/gkh435

9. Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA, 
McWilliam H, Valentin F, Wallace IM, Wilm A, Lopez R, Thompson JD, 
Gibson TJ, Higgins DG: Clustal W and Clustal X version 2.0. Bioinformatics,  
23 (21): 2947-2948, 2007. DOI: 10.1093/bioinformatics/btm404

10. Schmittgen TD, Livak KJ: Analyzing real-time PCR data by the 
comparative CT method. Nat Protocols, 3 (6): 1101-1108, 2008. DOI: 
10.1038/nprot.2008.73

11. Wegrowski Y, Pillarisetti J, Danielson KG, Suzuki S, Iozzo RV: 
The murine biglycan: complete cDNA cloning, genomic organization, 
promoter function, and expression. Genomics, 30 (1): 8-17, 1995. DOI: 
10.1006/geno.1995.0002

12. Bianco P, Fisher LW, Young MF, Termine JD, Robey PG: Expression 
and localization of the two small proteoglycans biglycan and decorin 
in developing human skeletal and non-skeletal tissues. J Histochem 
Cytochem, 38 (11): 1549-1563, 1990. DOI: 10.1177/38.11.2212616

13. Yang CH, Culshaw GJ, Liu MM, Lu CC, French AT, Clements DN, 
Corcoran BM: Canine tissue-specific expression of multiple small 
leucine rich proteoglycans. Vet J, 193 (2): 374-380, 2012. DOI: 10.1016/j.
tvjl.2012.01.018

14. Roughley PJ, Melching LI, Recklies AD: Changes in the expression 
of decorin and biglycan in human articular cartilage with age and 
regulation by TGF-beta. Matrix Biol, 14 (1): 51-59, 1994. DOI: 10.1016/0945-
053X(94)90029-9

15. Guo S, DiPietro LA: Factors affecting wound healing. J Dent Res,  
89 (3): 219-229, 2010. DOI: 10.1177/0022034509359125

16. Han G, Ceilley R: Chronic wound healing: A review of current 
management and treatments. Adv Ther, 34 (3): 599-610, 2017. DOI: 
10.1007/s12325-017-0478-y

CHOMDEJ, SAOKEAW, BUDDHACHAT, PRADIT, SIENGDEE, MAHASAWANGKUL
SRIPIBOON, SOMGIRD, NGANVONGPANIT, ONGCHAI, THITARAM

Table 2. The relative expression of Asian elephant biglycan gene between 
young and old groups in various tissues

Tissues
Relative expression

Young Group Old Group

Skin NS 0.007±0.002

Pancreas NS 0.038±0.018

Heart 0.134±0.062 0.361±0.282

Cartilage NS 2.085±0.437

Large intestine NS 0.103±0.034

Kidney 0.038±0.012 0.142±0.181

Lung 0.260±0.004 0.168±0.115

Muscle NS 0.003±0.002

Spleen * 3.072±1.138 0.313±0.206

Liver * 0.474±0.377 0.024±0.011

Cecum NS 0.042±0.007

Lymph node 0.294±0.251 NS

Small intestine * 0.964±0.538 0.101±0.014

Placenta 0.016±0.002 NS

Thymus 0.267±0.048 NS

The data are represented as mean ± standard deviation. NS indicates 
no tissue samples. The asterisks show the significant difference of gene 
expression between the young and old groups (P<0.05)

Table 3. The relative expression of Asian elephant biglycan gene in the 
wounded samples

Name Relative Expression

Momae 0.048±0.009 a

Mogradee 0.500±0.154 b

Saitong 0.010±0.001 a

The data are represented as mean ± standard deviation. a,b indicate the 
significant difference of relative expression among three elephants (P<0.05)
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