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1.    Introduction 
 
Type 2 diabetes (T2D) is one of the leading health problems 
worldwide, with the fastest growing incidence of chronic disease 
in the 21st century. Global diabetic population will increase to 
300 million by 2025. T2D is a complex metabolic disorder with 
high morbidity and mortality [1]. Overall risk of death among 
people with diabetes is about twice that of non-diabetics in the 
same age bracket. Most diabetics have one or more micro- or 
macro- complications as overt or subclinical manifestations 
during the course of their disease. Large-scale study [2] among 
over 7,000 patients with T2D in eight European countries 
concluded that approximately 72% of the participants had at 
least one complication, 24% both micro- and macrovascular 
complications. These pose significant public health problems: 
e.g., a large proportion of blindness, renal replacement therapy, 
cardiovascular intervention. Owing to increasing prevalence of 
diabetes, T2D and its complications will wreak substantial 
negative impact on both overall healthcare expenditures and 
patients’ quality of life. 
 

 
 

 
 

T2D is a group of metabolic diseases by chronic 
hyperglycemia with disturbances of fat, carbohydrate, and 
protein metabolism resulting from defects in insulin secretion or 
activity [3]. This disease is heterogeneous in both pathogenesis 
and in clinical symptoms, a manifestation of multiple 
interconnected aberrant pathways and numerous molecular 
abnormalities acting in concert with negative and positive 
environmental factors. In current medical care, such patients 
often are treated similarly, with little consideration of individual 
characteristics that might affect clinical outcome and therapeutic 
response, despite considerable variation between cases. Prior 
studies demonstrated heredity playing a key role in both 
pathogenesis and complications [4,5]. Personalized medicine is 
a relatively new paradigm of evidence-based medicine, based on 
the established principle of each individual born with unique 
biological and genetic characteristics. The risk, progression and 
treatment of disease would differ based on individual variation; 
hence determining optimal therapeutic strategy for individual 
patients is critical. 
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ABSTRACT 

Type 2 diabetes (T2D) is a global public health concern, its prevalence in Asia, especially Taiwan, 
rising every year. The risk of developing T2D and diabetes complications is not only controlled by 
environmental but also by genetic factors. Genetic association studies have shown polymorphisms at 
specific loci may help identify individuals at greatest risk and response to oral antidiabetic drugs. This 
review probes effect of genetic profiling on T2D and its complications, using our study population as 
examples. Also, pharmacogenetics and pharmacogenomics of oral anitdiabetic drug will be explored. 
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Previous studies have demonstrated heredity playing a key 
role in diabetic pathogenesis and complications. Specifically, in 
the Framingham Offspring Study, subjects of one T2D parent 
have 3.5-fold risk of diabetes, 6.1-fold compared with the 
general population if both parents have T2D [4]. Hundreds of 
genes have cited for susceptibility to T2D and diabetic 
complications by linkage studies, candidate gene association 
studies, genome-wide association studies (GWAS) and meta 
analyses in diverse ethnic groups. We focus on genetic profiling 
as it affects T2D and diabetic complications. There is 
considerable variation between patients with the same disease. 
Some diabetics show no response to treatment, others rapidly 
respond. Underlying this variation are altered coding sequences 
or expression by hundreds of genes to confer disease 
susceptibility. Several of these genes are associated either with 
etiology or with clinical response to treatment. Analysis of 
genomic profiles for the presence of drug targets and biomarkers 
should upgrade diagnostic accuracy, prevention measures, and 
target therapy. We discuss pharmacogenetics and pharmacogene-  
nomics of oral anitdiabetic drugs. Studies that involve gene- 
-focused and larger-scale genomewide analyses, respectively, 
can provide specific new information on genetic variation 
affecting efficacy and individual susceptibility to side effects. 
 

 

 

2.    Genetic profiling, results from our study 
population in Taiwan 
 
Up to 2011, at least 36 genes showing sequence variations 

associated with Type 2 diabetes across multiple populations 

emerged [6]. Candidate-gene studies lend strong evidence that 

common variants in genes have strong biological links to 

diabetes: genes of the peroxisome proliferator-activated 

receptor-r (PPARG) [7], potassium inwardly-rectifying channel 

J11 (KCNJ11) [8], transcription factor 2 isoform b (TCF2)[9], 

and Wolfram syndrome 1 (WFS1) [10]. Many additional genes 

have been linked to Type 2 diabetes in smaller-scale studies of 

single populations. GWAS have accelerated identification of 

T2D susceptibility genes, expanding the list from three in 2006 

to over twenty in 2009 [11]. So far, the contribution to disease 

risk by any one of these factors is small (typically <1.5 fold 

increased risk). Despite these associations, data currently 

available lend inadequate support to management decisions for 

common forms of T2D. Also, though a great number of studies 

in various populations has suggested association between SNPs 

and T2D, findings from previous studies cannot be extrapolated 

to populations with different lifestyles, environment and SNP 

frequency. 

Our research group attempted to discover susceptibility 

genes of T2D in Chinese population of Taiwan. This project 

recruited thousands of T2D patients aged 20 years and over, plus 

their comprehensive phenotype information, demorgraphic data, 

ethnicity, physical activity, medical history, health examination, 

blood and urine laboratory test, all collected upon enrollment. 

DNA was extracted and lymphoblastoid cell lines established 

for each patient. In 2010, the first GWAS based on our study 

population comprising 2,798 patients with T2D and 2,367 

healthy controls was successfully published on PLoS Genetics 

[11]. We identified novel genetic susceptibility loci: PTPRD 

(protein tyrosine phosphatase receptor type D) and SRR (serine 

racemase), both associated with T2D in the Han Chinese 

population. Also, we confirmed involvement of KCNQ1, 

previously reported as associated with T2D in Japanese and 

European populations. Moreover, we conducted a replication 

study to confirm possible association studies between SNP 

susceptibility and T2D among Taiwanese. We searched literature 

to find SNPs related to T2D (p value less than 10-5) in Western 

and Asian countries with study design of GWAS or 

meta-analysis study. Several genes were replicated in our study 

population: WFS1, CAMK1D, TSPAN8 and HNF1B, all related 

to pancreatic beta-cell development and function; CDKAL1, IDE, 

WWOX and SRR that relate to insulin production or secretion 

and more. According to our results from prior GWAS and 

replication study, we tried to build the prediction model with 

gene effect for T2D via logistic regression. In preliminary 

results, with the top 2,321 SNPs (from 20 genes) where p 

value 10≦ -3, area under curve (AUC) value reached 0.5254 in 

our study population. Result align with earlier studies proving 

genetic risk models with lower AUC values (0.55 e 0.68) than 

clinical models (AUC, 0.61 e 0.92) [12]. Incorporating genetic 

factors into clinical risk models only marginally improved and at 

times did not improve AUC value [13]. 

We showed effect of SNPs on diabetic retinopathy (DR) in 

Taiwanese population through GWAS or association studies. 

We identified 9 SNPs association for susceptibility to DR in five 

novel chromosomal regions and ARHGAP22 (Rho 

GTPase-activating protein 22) and PLXDC2 (plexin 

domain-containing 2). The last two are implicated in endothelial 

cell angiogenesis and increased capillary permeability [14]. Also, 

PLEKHO2, PLEKHH1[15] related to cell adhesion; JPH to 

calcium flux [16]; TMEM217, MRPL14 and GRIK2 [17] to 

glucocorticosteroid or amino acid metabolism were identified. 

In addition, we conducted replication studies to identify VEGF, 

CHN2 [18], MTHFR, EDIL3, CAMK4, CNTN5, HS6ST3 and 

FMN1. Predictive models or biomarkers related to DR were 

gleaned from literature. From such information, many traditional 

risk factors like age, gender, DM duration, fasting plasma 

glucose, glycosylated hemoglobin (HbA1c) and systolic blood 

pressure (SBP) have served to predict progression and severity 

of DR. Multifocal electroretinogram (mfERG IT Z-score) and 

blood biomarkers, such as lipid markers (HDL, LDL, 

Cholesterol and TG), apolipoprotein and cytokines were used in 

some studies. Among literature we searched, Fu et al.[19] and 

Nguyen et al. [20] evaluated genetic effect in their models, but 

their articles mentioned no difference between models with or 

without gene effect. According to information from literature, 

we chose clinical information, biological indicators and the 

SNPs associated with DR for logistic regression analysis. With 

25 SNPs, from GWAS and replication with p value 10≦ -2, AUC 

value can rise from 0.7560 (from model including HbA1c and 

duration as variables only) to 0.8269 in our study population. 



  

 
3

 
3.    Pharmacogenomic studies 
 
Individual traits that affect response to specific drugs have a 

pivotal role in personalized diabetes management. Rapid 

advances in knowledge of patient-specific pharmacology occur 

via the application of new molecular technology in gene-focused 

(pharmacogenetics) and hypothesis free approach, genomewide 

(pharmacogenomics) analyses. Both approaches examine 

variations in individual genetic makeup affecting efficacy and 

safety profiles of drugs. Since long-term hyperglycemia is a 

prominent contributor of micro- and macro-vascular 

complications, blood glucose control is a priority in T2D 

treatment. American Diabetes Association (ADA) Standards of 

Medical Care in Diabetes recommend lowering HbA1c to 

<7.0% in most cases to lower incidence of microvascular 

disease. For those with short disease duration, long life 

expectancy or no significant CVD, stringent HbA1c targets 

might be considered. Available options for glycemic 

management in T2D include not only exogenous insulin, but 

also a spectrum of pharmacologic agents whose actions include 

augmentation of insulin sensitivity, stimulation of insulin 

secretion, and slowing of intestinal glucose absorption. While 

glycemic control has improved over the past decade, about 40% 

of patients do not reach the desired HbA1c target of < 7%. 

Pharmacogenetic studies have been probed three classes of 

drugs commonly used in treatment of diabetes: i.e., metformin, 

sulfonylureas and thiazolidinediones (TZD). Numerous genetic 

markers have been identified so far [21,22], most for 

hypoglycemic agents in European populations, while 

pharmacogenomic advances in Chinese populations are quite 

limited. One should consider differences among studies—e.g., 

duration of treatment, mean age, ethnic/racial composition of 

cohort, T2D risk (gestational diabetes vs. impaired glucose 

tolerance)—as explanations for divergent association results. 

 

 
4.     Metformin 
 
This biguanide, an insulin sensitizer, decreases glucose 

production in the liver, enhancing insulin sensitivity and 

peripheral glucose uptake. It is the most widely used first-line 

T2D drug, but only 60-65% of patients attain desired glycemic 

control or HbA1c goal of less than 7%. Metformin suppresses 

hepatic gluconeogenesis by activating AMP-activated protein 

kinase (AMPK) that inhibits expression of hepatic 

gluconeogenic genes PEPCK and Glc-6-pase by raising 

expression of small heterodimer partner (SHP). It is not 

metabolized but excreted unchanged in urine by active tubular 

secretion [23]. Various proteins relate to oral absorption, hepatic 

uptake and renal elimination [24]. Plasma membrane 

monoamine transporter (PMAT, encoded by SLC29A4 (solute 

carrier family 29 member 4) gene), expressed on the luminal 

side of enterocytes [25], relates to intestinal absorption of 

metformin. Organic cation transporter 1 (OCT1, encoded by 

SLC22A1 (solute carrier family 22 member 1) gene) is necessary 

for metformin transport into the liver and subsequent metformin 

activity. Organic cation transporter 2 (OCT2 , encoded by 

SLC22A2 (solute carrier family 22 member 2)) is expressed 

chiefly at basolateral membrane of the renal epithelium and 

transport of metformin into proximal tubule cells [26]. 

Multidrug and toxin extrusion transporter 1 (MATE1, encoded 

by SLC47A1 (solute carrier family 47, member1)) and 

MATE2-K (encoded by SLC47A2 (solute carrier family 22 

member 2)), located in the apical membrane of renal proximal 

tubule cells, facilitate metformin excretion from tubular cells 

[27]. 

Pharmocogenetic researchers link polymorphisms in genes 

SLC22A1[28], SLC22A2[29], SLC47A1[30], SLC47A2[31], 

with altered metformin response. Polymorphisms of candidate 

genes encoding OCT3 (SLC22A3) [32] and PMAT (SLC29A4) 

[25] transporters were related to modulate metformin 

pharmacokinetics and response. Recently, the first GWAS on 

glycemic response to metformin in 1,024 Scottish individuals 

with T2D was performed and replicated in two cohorts: 1,783 

Scottish individuals and 1,113 individuals from the UK 

Prospective Diabetes Study [33]. The study identified a common 

rs11212617 A>C SNP at a locus containing ATM, ataxia 

telangiectasia mutated gene associated with treatment success. 

The researchers also demonstrated ATM inhibition with 

KU-55933 attenuating phosphorylation and AMP-activated 

protein kinase in response to metformin in a rat hepatoma cell 

line. 

 

 
5.    Sulfonylureas 
 
This oldest oral agent class is thought to stimulate insulin 

secretion by closing ATP-sensitive potassium channels in 

pancreatic beta-cells. The blood glucose-lowering drug belongs 

to insulin secretagogues expediting production and secretion of 

insulin. Common sulfonylureas tolutamide, gliclazide, 

glibenclamide and glimepiride effectively control glucose levels 

but with modest weight gain and risk of hypoglycaemia. Most 

patients respond well, 10-20% of persons treated do not attain 

adequate glycemic control, 5-10% initially responding to 

sulfonylurea subsequently lose ability to maintain near-normal 

glycemic level. This implies genetic factors linked with 

treatment efficacy. Sulfonylureas release insulin from pancreatic 

beta cell by first binding to high-affinity plasma membrane 

receptor (SUR1) coupled with an ATP-dependent K channel 

(KAPT). Polymorphisms in drug target genes (ATP-binding 

cassette transporter subfamily C member 8 (ABCC8) and 

potassium inwardly-rectifying channel, subfamily J, member 11 

(KCNJ11) have recently shown linkage with variability in 

response to sulfonylurea drugs in T2D cases [34]. KCNJ11 gene, 

located on the short arm of chromosome 11, encodes 

pore-forming subunit of the ATP-sensitive potassium channel 

Kir6.2 in pancreatic β-cells. Gain-of-function mutations in 

KCNJ11 open the potassium channel and inhibit depolarization 

of β-cells, leading to a defect in insulin secretion. Most oral 

hypoglycemic agents are metabolized in the liver by cytochrome 
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P450 (CYP) enzymes; effect on response to treatment with 

sulfonylurea was probed. Variations in CYP2C9 link with 

impaired metabolism and reduced oral clearance of 

sulfonylureas. Patients carrying CYP2C9*2 and *3 required 

lower doses and were more likely to achieve glycemic goals 

(including HbA 1c), but they showed higher risk of mild or 

severe hypoglycemia, major adverse effect of these drugs. Also, 

polymorphisms of gene in hepatocyte nuclear factor-1α 

(HNF-1α), a transcription factor vital to beta cell development 

and function, and TCF7L2 that encodes transcription factor 

(Tcf-4), involved in regulation of cellular proliferation and 

differentiation, were investigated. Pearson et al. [35] found 

patients with HNF-1α gene mutations supersensitive to 

treatment with sulfonylureas but responded poorly to treatment 

with metformin. In addition, research has shown that individuals 

with the TCF7L2 risk genotype respond poorly to sulfonylureas 

[36]. 

Meglitinides, a class of insulin secretagogues, stimulate 

insulin release via similar mechanisms as Sulfonylureas but may 

associate with less hypoglycaemia. Yet they require more 

frequent dosing. Common meglitinides are nateglinide, 

repaglinide and mitiglinide. Polymorphisms linked with variable 

meglitinide response include CYP2C8 that associates with 

efficacy of repaglinide, rosiglitazone and pioglitazone, as well as 

CYP2C9 affecting nateglinide efficacy. As for drug distribution, 

polymorphisms in genes encoding drug transporters play key 

roles in efficacy. Variants of SLCO1B1 that encodes organic 

anion transporting polypeptide 1B1 (OATP1B1), impacted 

efficacy of repaglinide, nateglinide, rosiglitazone and 

pioglitazone. Researchers pay great heed to pharmacodynamics 

of repaglinide in Chinese patients recently. Numerous markers 

link with repaglinide effect: e.g., genes encoding P-glycoprotein 

transporter (MDR1, 2677T/A), voltage gated K+channel 

(KCNQ1, rs2237892 (C>T) and rs2237895 (C>A)), zinc 

transporter solute carrier family 30 member 8 (SLC30A8, 

rs13266634 (C > T) and rs16889462 (G>A)), KCNJ11 

(Lys23Glu), TCF7L2 (rs290487 (C/T) and nicotinamide 

phosphoribosyltransferase (NAMPT, -3186C>T). 

 

 

 
6.    Thiazolidinediones (TZDs) 
 
These peroxisome proliferators activate receptor γ (PPAR-γ) to 

improve insulin sensitivity in skeletal muscles and reduce 

hepatic glucose production. PPARG gene encodes peroxisome 

proliferator-activated receptor γ, a Type II nuclear receptor that 

plays a fundamental role in adipogenesis and insulin sensitivity 

by regulating transcriptional activity of various genes. TZDs 

sharply reduce triglyceride content in adipose tissue, skeletal 

muscles and liver while raising leptin concentration [21]. 

Together, these changes decrease circulating free fatty acids 

(FFA), which reduces FFA-induced insulin resistance in skeletal 

muscles. Among TZDs, rosiglitazone, pioglitazone and 

troglitazone demonstrably improve glycemic control and may 

slow progression of β-cell failure. Most studies focus on variants 

of PPAR-γ and its harboring genes in TZDs therapy outcomes. 

Polymorphisms of PPARG, PGC-1alpha, adiponectin , leptin, 

TNF alpha and CYP2C8 relate to rosiglitazone therapy. Yet due 

to serious side effects of rosiglitazone, including risk of 

myocardial infarction and death from cardiovascular, the only 

TZD still available on the market is pioglitazone. Studies link 

polymorphism of resistin (SNP-420) with reduction of FPG and 

HOMA-IR (Homeostasis Model of Assessment-Insulin 

Resistance) by pioglitazone [37]. Response to pioglitazone 

treatment on glycemic control (reduction fasting blood glucose 

> 10% after 10 weeks treatment) is related to the polymorphism 

of gene encoding lipoprotein lipase (LPL, Ser447X), enzyme 

responsible for processing of triglyceride-rich lipoproteins [38]. 

For TZDs treatment, a side effect is high rate of fluid 

retention and peripheral edema. Chang et al. [39] proved female 

gender, older age and genetic polymorphism as contributing 

factors. The AQP2polymorphism (rs296766) coding aquaporin-2 

(vasopressin-regulated water channel), and polymorphism of 

SLC12A1 (solute carrier protein family 12 group A, member one) 

gene (rs12904216) coding the sodium-potassium-2 chloride 

transporter (NKCC2) with a key role in electrolyte movement 

across epithelia, are reported as related to TZDs-associated 

edema. 

 

 
7.    Conclusion 
 
It is still far from routine clinical practice to use genotypic 

markers for type 2 diabetes. But it could be anticipated that 

learning about these and additional genetic determinants of the 

risks, coupled with proteomic and metabolomic analyses, will 

show potential to direct individualized decisions in deciding 

relative efficacy and dosage profiles of oral antidiabetic drugs in 

prevention and management of T2D and diabetic complications. 

Still, results from large cohort studies must provide fundamental 

data that can be used to profile risk factors and discover novel 

therapeutic targets. Likewise, pharmacoeconomics will be 

considered in personalized medicine. 
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Table. Gene polymorphisms involved in pharmacogenetics of oral anti-diabetes drugs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  Drug  Gene  Variation 

Insulin Sensitizers 

rs12208357, rs34130495, 
rs72552763, rs34059508 [40] 

rs12208357, rs72552763 [28] Biguanides  Metformin  SLC22A1 

rs622342 [41] 

rs201919874, rs145450955, 
rs316019 [42]     SLC22A2 
rs316019[43] 

    SLC47A1  rs2289669 [44], rs8065082 [30] 

    SLC47A2  rs12943590 [31] 

    ATM  rs11212617 [33] 

TZD  Pioglitazone  PPARG  rs1801282 [45] 

  Rosiglitazone  PGC-1  rs2970847, rs8192678[46] 

  Troglitazone  Resistin  rs1862513 [37] 

    Leptin  rs7799039 [47] 

    TNF-  rs1800629 [47] 

    CYP2C8  rs10509681 [48] 

Insulin Secretagogues 

K+ ATP  Sulphonylurea  KCNJ11  rs5219 [49]; rs5210 [50] 

rs757110[50]  
    ABCC8 

rs1799854, rs1799859 [51] 

    KCNQ1  rs163184 [52] 

rs7903146 [53] 
    TCF7L2 

rs12255372, rs7903146 [36] 

rs1057910 [54] 
    CYP2C9 

rs1799853, rs1057910 [55] 
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     1.   Introduction 
 

Idiopathic membranous nephropathy (MN), common 

cause of nephrotic syndrome, accounts for about 40% 

of adult cases with clinical presentation of severe pro-

teinuria, edema, hypoalbuminuria and hyperlipidemia 

[1]. Its characteristics include basement membrane 

thickening and subepithelial immune deposits without 

cellular proliferation or infiltration [2]. Prior study 

suggested MN as causing chronic kidney disease 

(CKD) and as final result of end-stage renal disease 

(ESRD) [3]. Therapy such as nonspecific antiproteinu-

ric measures and immunosuppressive drugs yielded 

disappointing results, heightening interest in new ther-

apeutic targets [4]. Taiwan has the highest prevalence 

of ESRD worldwide; MN may be one cause [5-7]. 

Genetic and environmental factors may contribute to 

progression and renal fibrosis in most renal diseases. 

Identifying genetic mechanisms related to high inci-

dence of MN is crucial to current situation in Taiwan. 

T h i s  r e v i e w  h i g h l i g h t s  c a n d i d a t e  g e n e s  

studied over these past three years in Taiwan and  

discusses their implications in MN pathogenesis. 

 
 
2.   Genetic association studies on MN 
over three years in Taiwan 

 
Table 1 displays characteristics of genetic polymor-

phisms in MN research across three years in Taiwan. 

Genes were discussed previously, all involved in path- 

ogenesis: STAT4, TLR9, IL-6, TLR4, TRPC6, NPHS1, 

and MYH9 [8-14]. Our new information about poly-

morphisms on MYD88, ACTN4, and KIRREL2 relates 

to MN susceptibility. Figure 1 shows distributions of 

genotypic and allelic frequencies of 27 polymorphisms 

on 10 genes in normal population in Taiwan. We 

observed rs3024908 polymorphism on STAT4 gene 

without G/G genotype; rs1060186 and rs12986337 on 

ACTN4 without A/A and C/C genotype, respectively; 
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nephropathy is a lead cause of nephrotic syndrome, with about 75% of the cases idiopathic. 

Secondary causes include autoimmune disease, infection, drugs and malignancy. Three hy-
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plex formation, and auto-antibody against podocyte membrane antigen. Pathogenesis does in-

volve immune complex formation with later deposition in sub-epithelial sites, but definite 

mechanism is still unknown. Several genes were recently proven associated with primary mem-

branous nephropathy in Taiwan: IL-6, NPHS1, TLR-4, TLR-9, STAT4, and MYH9. These may 

provide a useful tool for diagnosis and prognosis. This article reviews epidemiology and lends 

new information on KIRREL2 (rs443186 and rs447707) polymorphisms as underlying causes of 

MN; polymorphisms revealed by this study warrant further investigation. 
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Table 1 - Characteristics of polymorphisms in study of idiopathic membranous 
nephropathy over these past three years in Taiwan.
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and rs2269530 on MYH9 without G/G genotype in 
normal population. We assessed genotypic and allelic 
frequencies of these in MN cases and controls (Table 2) 
to find strong links between MN and rs3024908 on 
STAT4 gene, rs352139 on TLR9, rs1800796 on IL-6, 
rs10983755 and rs1927914 on TLR4, rs437168 on 
NPHS1, and rs443186 on KIRREL2. LD and Haplo-
type block structure were estimated via 27 polymor-
phisms on 10 MN-linked genes (Fig. 2). According to 
chromosome type, structures appeared as (a) Chr2 (b) 
Chr3 (c) Chr9 (d) Chr11 (e) Chr19 (f) Chr22. Color 
scheme of linkage disequilibrium (LD) map is based 
on standard D'/LOD option in Haploview software, LD 
blocks calculated by CI method. 
 

 
3.    Transducer and Activator of Tran-
scription 4 (STAT4) 
 

The signal transducer and activator of transcription 4 

(STAT4) gene, located on chromosome 2q32.2-32.3, 

encodes a transcription factor essential to inflammation 

in various immune-mediated diseases [15]. STAT4 

plays a key role in regulating immune response by 

transmitting signals activated in response to cytokines 

like Type 1 IFN, IL-12, and IL-23 [16]. STAT4 is vital 

for IL-12 inducing naïve CD4+ T differentiation of 

into Th1 cells that drive chronic inflammation by se-

creting high levels of cytokines like IFN-γ and TNF-α 

[17]. STAT4 haplotype characterized by rs7574865 

exhibited strong linkage with rheumatoid arthritis (RA), 

systemic lupus erythematosus (SLE), and autoimmune 

disease: e.g., systemic sclerosis, Sjögren’s syndrome, 

Type 1 diabetes [18-22]. SY Chen et al. (2011) re-

ported significant difference in genotype frequency at 

rs3024908 SNP in MN patients versus controls (p = 

0.014); those with GG genotype at rs3024912 SNP 

face higher risk of kidney failure in MN cases (ad-

justed odds ratio [OR] = 3.255; 95% confidence inter-

val [CI] = 1.155-9.176, p = 0.026) [8]. 

 

 
4.    Toll-like receptor 9 (TLR-9) 
 
Toll-like receptors (TLRs) play a central role in re-
sponse of both the innate and adaptive immune system 
to microbial ligands [23]. Glomerular disease is trig-
gered or exacerbated by microbes that activate the 
immune system by Toll-like receptor (TLR) ligation 
[24-25]. Exaggerated TLR activation associates with 
ischemic kidney damage, acute kidney injury, 
end-stage renal failure, acute renal transplant rejection, 
acute tubulointerstitial nephritis and delayed allograft 
function [25]. TLR9 is implicated in initiation and 
progression of kidney disease (human and experimen-
tal): e.g., crescetic, lupus nephritis, glomerulonephritis, 
IgA nephropathy [26-28]. YT Chen et al. (2013) cited 

AA genotype at rs352139 SNP or GG at rs352140 SNP 
indicating higher risk of MN (odds ratio [OR]=1.55; 
95% confidence interval [CI]=1.02–2.35, at rs352139 
SNP; OR=1.57; 95% CI=1.03–2.39, at rs352140 SNP); 
A-G haplotype raised susceptibility to decreased 
creatinine clearance rate and serious tubule-interstitial 
fibrosis [9]. 
 
 
5.    Interleukin-6 (IL-6) 
 
Mounting evidence hints pro-inflammatory cytokines 
like tumor necrosis factor and interleukin-1 (IL-I), 
playing a crucial role in lupus nephritis and prolifera-
tive IC glomerulonephritis [29-31]. Interleukin-6 
(IL-6) is also implicated in manifestations of neph-
ropathy [32-33]. Urinary IL-6 stimulated proliferation 
of rat mesangial cells yielding IL-6 in vitro [32]. Uri-
nary IL-6 has been identified as a marker of renal IL-6 
production [34]: high levels of it arise in 30-50% of 
IgA nephropathy cases [32-33]. IL-6 may thus act as 
an autocrine growth factor in the mesangium and dys-
regulated IL-6 production in mesangial proliferation 
linked with glomerulonephritis. Among Taiwan’s Han 
Chinese, data show starkly different genotype and 
allele frequency at IL-6 C-572G SNP in MN cases 
versus controls (p=1.6E-04 and 1.7E-04, respectively). 
People with C allele or with CC genotype at IL-6 
C-572G SNP show higher risk of MN (OR=2.42 and 
2.71; 95% CI=1.51-3.87 and 1.60-4.60, respectively) 
[10]. 
 
 

6.    Toll-like receptors 4 (TLR-4) 
 
Toll-like receptors (TLRs), a key element of human 
innate immune response, up-regulate proinflammatory 
cytokines and co-stimulatory molecules as a first line 
host defence [35]. TLRs are cited as key components 
of pathogen-recognition process mediating inflamma-
tory response [36]. TLR4 interacts with ligands such as 
heat-shock proteins [37]; TLR4 polymorphisms re-
portedly link with inflammatory disease and/or cancer: 
e.g., Crohn’s disease, ulcerative colitis, cervical cancer 
[38-40]. Recent report indicated significant difference 
of TLR4 gene rs10983755 A/G (p < 0.001) and 
rs1927914 A/G (p < 0.05) polymorphisms between 
controls and MN patients. Distributions of rs10759932 
C/T and rs11536889 C/T polymorphisms differed sig-
nificantly. Higher triglyceride level arose in non-GG 
versus GG group. Genotype of non-AA had a far high-
er proteinuria ratio than AA group [11]. 
 
 

7.    Nephrin (NPHS1) 
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Fig. 1 - Distributions of genotypic and allelic frequencies of polymorphisms in normal population in 
Taiwan. 
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Table 2 - Genotypic and allelic frequencies of polymorphisms in MGN patients versus controls. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Numbers in bold with * indicate statistical significance (p < 0.05). 
 

 
 
Fig. 2 - LD and haplotype block structure of genes associated with MN by different chromosomes: (a) Chr2 
(b) Chr3 (c) Chr9 (d) Chr11 (e) Chr19 (f) Chr22. Color scheme of linkage disequilibrium LD map is based 
on standard D'/LOD option in Haploview software, LD blocks calculated based on CI method. 
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This signaling adhesion protein is believed to play a 
vital role in modulating renal function [41]. Research 
on nephrin function initially focused on interaction of 
slit diaphragm structural components (SD) [42]. Recent 
research demonstrates nephrin as involved in signal 
processes critical to podocyte function, survival and 
differentiation [43]. Polymorphisms in NPHS1 demon-
stratrably play a pivotal role in progression of renal 
failure [44]. Mutations of NPHS1 or NPHS2 reportedly 
associate with severe nephrotic syndrome that pro-
gresses to end-stage renal failure in children [45]. 
R229Q, a NPHS1 variant, meant 20-40% higher risk of 
focal segmental glomerulosclerosis in European popu-
lations [46]. Lo et al., 2010 reported significant differ-
ence in genotype frequency distribution of rs437168 
polymorphism between MN patients and controls. 
Their results also showed frequency of G allele sig-
nificantly higher in the MN group; stratified analysis 
linked high disease progression in AA genotype of 
rs401824 and GG genotype of rs437168 patients with 
low rate of remission [13]. 

 
 

8.    Myosin Heavy Chain 9 (MYH9) 
 
This gene, expressed in glomerular podocytes and 
mesangial cells, encodes nonmuscle myosin IIA [47, 
48]. Currently, 44 of it mutations have been reported 
[49], possibly involving either N-terminal motor or 
C-terminal tail domain of MYH9 gene encoding for 
the heavy chain of nonmuscle myosin-IIA. The 
MYH9 haplotypes show replicated association with 
risk and protection [50, 51]. They are proven as asso-
ciated with kidney disease in African Americans and 
European Americans [52, 53]; MYH9 also affects 
kidney function in Europeans [54]. Results portend 
statistically significant difference in allele frequency 
distribution at rs12107 between MN cases and con-
trols (p = 0.04). Persons with AA genotype at rs12107 
SNP who contract MN face higher risk of kidney 
failure than other MN cases (adjusted odds ratio: 1.63; 
95% confidence interval: 1.08-2.48, p = 0.02). C-A 
haplotype is susceptible to MN [14]. 
 
 
9.    Kin of IRRE Like 2 (Drosophila) 
(KIRREL2) 
 
This protein exhibits sequence resembling that of 
several cell adhesion proteins: e.g., Drosophila RST 
(irregular chiasm C-roughest), mammalian KIRREL 
(akin to irregular chiasm C-roughest; NEPH1), 

NPHS1 (nephrin). The former, a complex gene with 
mutations originally assigned to separate loci, has 
alleles originally assigned to irregular chiasm locus, 
affecting axonal migration in the optic lobes. Other 
alleles, originally assigned to the roughest locus, link 
with reduced apoptosis in the retina, inducing rough-
ened appearance of the compound eye [55] and [56]. 
The mammalian KIRREL/NEPH1 and NPHS1 genes 
both encode components of the glomerular slit dia-
phragm in kidneys [57], [58] and [59]. We noted sig-
nificant difference in genotype frequency distribution 
of rs443186 polymorphism between MN patients and 
controls. Data showed frequency of C allele at 
rs443186 and A allele at rs447707 definitely higher in 
the MN group. Data indicate individuals with AA 
genotype at rs443186 SNP face higher risk of MN 
(Table 2). 
 

 
10.    Conclusion 
 
Genetic susceptibility plays a major role in patho-
genesis [60]. Research efforts, including GWASs, 
have been invested worldwide to identify susceptibil-
ity genes for several diseases. GWASs are considered 
as a powerful and promising approach [61]. Candidate 
gene approach along with an appropriate analysis 
remains the method of choice to evaluate genes of 
interest conferring susceptibility to specific disease. 
Most genes contributing to MN susceptibility remain 
unidentified; well-organized approach like GWASs 
may obtain definite conclusions regarding such genes 
in the near future. 
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ABSTRACT 

Background: Kawasaki disease (KD) is an acute and systemic vasculitis. Its complications in coronary 
artery aneurysms (CAA) make KD one of the leading causes of acquired cardiovascular diseases in 
childhood. Low density lipoprotein receptor-related protein 1B (LRP1B) is abundantly expressed in the 
medial layer of coronary arteries and involved in endothelium inflammations.   
Purpose: We aimed to identify the role of LRP1B in CAA formation during KD progression.  
Methods: we investigated genetic variations in LRP1B in a Taiwanese cohort of 258 KD patients (83 with 
CAA and 175 without CAA complications). We used univariate and multivariate regression analyses to 
identify the associations between LRP1B genetic variations and KD patients.  
Results: CAA formation in KD was significantly associated with the LRP1B (rs6707826) genetic variant (p 
= 0.007). By using multivariate regression analysis, significant correlations were observed between KD 
with CAA complications and the presence of the TT+TG genotypes for the LRP1B rs6707826 
single-nucleotide polymorphism (full model: odds ratio = 2.82; 95% CI = 1.33–5.78).  
Conclusion: Our results suggest that genetic polymorphism of LRP1B gene may be used as a genetic 
marker for the diagnosis and prognosis of the CAA formation in KD and contribute to genetic profiling 
studies for personalized medicine. 
 

Original article 

to inflammation and injury of blood vessels [6-8]. Coronary 
artery aneurysms (CAA), which is a complication during the 
progression of disease, makes KD one of the leading causes 
for acquired cardiovascular diseases in childhood. 

Members of the low density lipoprotein (LDL) receptors 
family play a variety of roles in normal cell function and 
development due to their interactions with multiple ligands 
[9,10]. Histochemical studies have revealed that LDL 
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1.    Introduction 

Kawasaki disease (KD) is a disease in which acute and 
systemic vasculitis is largely seen in infants and children 
under five years old [1-5]. The cause of KD is currently 
unknown, although there is often a pre-existing infection 
that may play a role in its pathogenesis. During the acute 
stage of KD, activation of vascular endothelial cells and 
increased serum levels of proinflammatory cytokines lead 
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receptors are markedly induced during progression of 
atherosclerotic lesions [11]. LDL receptors are highly expressed 
in smooth muscle cells (SMCs), macrophages and endothelial 
cells in the lesions. The low density lipoprotein receptor-related 
protein LRP1B is a new member of LDL receptor subgroup of 
this gene family. LRP1B is abundantly expressed in the medial 
layer of coronary arteries and to a lesser extent in thickened 
intimae [12]. During the acute stage of KD, activation of 
vascular endothelium cells with increased serum 
proinflammatory cytokines are involved in vessel inflammation 
and injury [13, 14]. Injured vascular tissues show subendothelial 
edema, vascular damage, gap formation, and fenestration of 
endothelial cells and contribute to the pathogenesis of this 
disorder. However, it remains unknown if LDL receptor proteins 
involve in the pathogenesis of KD.  

We aimed to identify the role of LRP1B in CAA formation 
during KD progression by genetic association studies in a 
Taiwanese cohort of 258 KD patients (83 with CAA and 175 
without CAA complications). The study identified LRP1B as a 
novel susceptibility locus. It is the first time to observe the 
association between genetic variants of LDL receptor and the 
CAA formation in KD and contribute to genetic profiling studies 
for personalized medicine [15]. 

 
 

 

2.      Materials and methods 

 
2.1.    Ethical statement 
 
This study was approved by the Human Studies Committee of 
China Medical University Hospital. Written informed consent 
was obtained from either the parents or the participants. 
 
2.2.    Study subjects 
 
Unrelated individuals fulfilling the diagnostic criteria of KD (n 
= 258) were identified and enrolled in the study from the 
Department of Pediatrics at China Medical University Hospital 
in Taichung, Taiwan [16-20]. A total of 164 males and 94 
females with an average age at diagnosis of 1.75 ± 1.61 years 
were included in the study. All patients were diagnosed 
according to KD criteria [16, 18], including fever lasting 5 
days or more and at least 4 of the following symptoms: (1) 
changes in extremities (e.g., erythema, edema, or desquamation), 
(2) bilateral conjunctivitis, (3) polymorphous rash, (4) cervical 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

lymphadenopathy, and (5) changes in lips or oral cavity (e.g., 
pharyngeal erythema, dry/fissured or swollen lips, strawberry 
tongue). All patients had regular echocardiography 
examinations during the acute stage, 2 months after onset, 6 
months after onset, and once per year thereafter. CAA was 
identified when either the right coronary artery or the left 
coronary artery showed a dilated diameter ≥ 3 mm in children 
younger than 5 years of age, or ≥ 4 mm in older children [13]. 
Only Han Chinese individuals, who account for 98% of 
Taiwanese residents, were recruited. The ethnic background was 
assigned based on the results of the self-report questionnaires. 
 
2.3.    SNP genotyping 
 
Five single-nucleotide polymorphisms (SNPs) from LRP1B 
were selected from the NCBI SNP database and HAPMAP 
website (Fig. 1 and Table 1) [21-23]. Selection criteria for 
including SNPs in the analysis were a minimum allele frequency 
of >0.05 in the Han Chinese population and Hardy–Weinberg 
equilibrium (HWE; p > 0.05). A summary of information 
regarding SNPs in the LRP1B gene (location, position, rs 
number, and genotype) is listed in Table 1. Briefly, genomic 
DNA was extracted from peripheral blood leukocytes according 
to standard protocols (Genomic DNA kit; Qiagen, Hilden, 
Germany). SNPs were genotyped using a custom-designed 
VeraCode GoldenGate Genotyping Assay System (Illumina) 
[24]; genotyping was performed as described at 
http://www.illumina.com/ 

Primers and probes were designed using Custom VeraCode 
GoldenGate Genotyping Assay System software. Multiplex 
PCRs were performed with 144-plex VeraCode SNP arrays and 
genotype analyses were performed using custom 96-plex SAM 
arrays for 96 samples. Genotype calls were automatically 
generated using GenCall software version 3.1.3. We assessed 8 
VeraCode runs individually for intra-plate inconsistencies, such 
as variations in fluorescent intensities. Genotype cluster plots 
generated by individual VeraCode and SAM assays were 
visually inspected for call quality. Plots that appeared to be 
“unusually” clustered (i.e., those that did not match the 
predicted spread in terms of software-generated HWE or 
distance between clusters [θ]) were investigated further by 
selecting samples via direct Sanger sequencing for genotype 
confirmation. Samples were sequenced using Big Dye 
Terminator v3.1 (AB, Foster City, CA, USA) according to the 
manufacturer’s guidelines and sequenced using an AB 3730 
genetic analyzer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 - Single-nucleotide polymorphisms (SNPs) of the LRP1B gene used in this study. Genomic location of SNPs present on 
chromosome 2q22.1. 
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2.4.    Analysis of haplotype blocks 
 
Based on HAPLOVIEW software, we used Lewontin D′ 
measure to estimate the intermarker coefficient of linkage 
disequilibrium (LD) of patients [23]. The confidence interval of 
LD was estimated using a resampling procedure and was used to 
construct haplotype blocks [25]. 
 
2.5.    Statistical analysis 
 
Statistical analyses were described previously[26]. Genotypes 
were obtained by direct counting followed by allele frequency 
calculations variables, and odds ratios (OR) and 95% confidence 
intervals (CI) were calculated for the factors under consideration. 
Forward stepwise multivariate regression analyses were also 
performed to identify factors contributing independently to CAA 
formation in KD (Table 2). All statistical analyses were 
performed using SPSS (v12.0) as described before [26 ]. 
 
 
 
 
3.    Results 
 
The genetic location of LRP1B was shown in Fig. 1; all SNPs 
were in Hardy-Weinberg equilibrium and had a successful 
genotyping frequency of >99%. The LD structure of this region 
was also established, with 1 haplotype block determined.  
    Genotype and genotype frequency data for all five SNPs 
were shown in Table 1. As shown, a statistically significant 
difference was observed for the LRP1B (rs6707826) genetic 
variant (p= 0.007). Frequencies of individuals carrying the 
TT+TG genotypes of LRP1B (rs6707826) were 86.8% for 
CAA-positive individuals in contrast to 70.4% for 
CAA-negative patients. The frequencies of TT and TG 
combined genotypes were significantly higher in KD with CAA 
formation (odds ratio = 2.77; 95% CI = 1.33-5.78) compared to 
those in KD without CAA formation. 
   To learn the genetic role of LRP1B, we used multivariate 
regression analyses to determine the associations of clinical 
characteristics and LRP1B genetic variations in KD. As shown 
in Table 2, after adjusting for those potential factors, significant 
associations between KD with CAA complication and the 
LRP1B (rs6707826) genetic variant was observed. Specifically, 

significant correlations were found between KD with CAA 
formation and the presence of the TT+TG genotypes of the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
significant correlations were found between KD with CAA 
formation and the presence of the TT+TG genotypes of the   
LRP1B (rs6707826) SNP (Full model: odds ratio = 2.820; 95% 
CI = 1.33-5.78). 
 
Table 2 - Association of LRP1B genetic variants with CAA 
formation risk in Taiwanese Kawasaki disease by multivariate 
regression analysis. 

LRP1B genetic variants  Odds 
ratio 95% CI p value

Adjusted by Fever duration 
(days)    
    rs6742944 0.71  0.28-1.12 0.353 
    rs6707826 2.77  1.35-5.78 0.010* 
    rs17760152 1.47  0.85-2.58 0.195 
    rs13400775 1.29  0.81-2.4 0.382 
    rs7604667 0.94  0.58-1.98 0.849 

    
Adjusted by 1st IVIG used time (days after the first date with fever)
    rs6742944 0.550  0.28-1.12 0.099 
    rs6707826 2.720  1.33-5.78 0.008*
    rs17760152 1.500  0.85-2.58 0.150 
    rs13400775 1.410  0.81-2.40 0.221 
    rs7604667 1.100  0.58-1.98 0.762 

    
Full Model    
    rs6742944 0.720  0.28-1.12 0.378 
    rs6707826 2.820  1.33-5.78 0.009*
    rs17760152 1.280  0.81-2.4 0.405 
    rs13400775 0.910  0.58-1.98 0.788 
    rs7604667       
 
LRP1B, low density lipoprotein receptor-related protein 1B; 
IVIG, Intravenous immunoglobulin; CAA, Coronary artery 
aneurysm; CI, confidence interval. 
Full model shows results from a logistic regression model 
including the indicated predictors including Fever duration (days) 
and 1st IVIG used time (days after the first date with fever). 
 
 
4.    Discussion 

In this study, we used a mapping strategy focusing on the 
LRP1B gene and identified a SNP that contributes to the 
development of CAA formation in Taiwanese KD children of 
Han Chinese ethnic background. We observed a significant 
association between the LRP1B gene polymorphism and the 
occurrence of CAA in KD patients by using multivariate 
regression analysis. The combined frequency of the TT+TG 
genotypes of LRP1B (rs6707826) was higher in KD with CAA 

Table 1 - Polymorphisms within the LRP1B region in the CAA formation in Taiwanese Kawasaki disease. 

SNP SNP 
Chromosome Cytoband Physical 

Position Nearest Genes  CAA- CAA+ 

            No. (%) No. (%) p value Odds ratio (95% CI) 
rs6742944 2 q22.1 139753322 LRP1B AA+AG 47 (25.3) 12 (15.8) 0.099  0.55 (0.28-1.12) 

     GG 139 (74.7) 64 (84.2)  1  
rs6707826 2 q22.1 139793736 LRP1B TT+TG 131 (70.4) 66 (86.8) 0.007* 2.77 (1.33-5.78) 

     GG 55 (29.6) 10 (13.2)  1  
rs17760152 2 q22.1 139795880 LRP1B AA+AT 64 (35.8) 33 (45.2) 0.163  1.48 (0.85-2.58) 

     TT 115 (64.2) 40 (54.8)  1  
rs13400775 2 q22.1 139851962 LRP1B GG+GC 66 (35.5) 33 (43.4) 0.230  1.4 (0.81-2.4) 

     CC 120 (64.5) 43 (56.6)  1  
rs7604667 2 q22.1 139899653 LRP1B TT+TC 137 (73.7) 57 (75.0) 0.822  1.07 (0.58-1.98) 

     CC 49 (26.3) 19 (25.0)  1             
LRP1B, low density lipoprotein receptor-related protein 1B; SNP, single nucleotide polymorphism; CAA, Coronary artery aneurysm;  
CI, confidence interval. p-values were obtained by chi-square test 
Bold, emphasizing statistical significance was considered as p value <0.010 (0.05/5). 
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group than those in KD without CAA group. Our results suggest 
that LRP1B polymorphism may play a role in the formation of 
CAA in KD patients. 

The genetic association study showed that significant 
associations between KD with CAA formation and the LRP1B 
(rs6707826) were still observed by using multivariate regression 
analysis. The genotypic frequencies harboring one or two copies 
of T allele were higher in KD patients with CAA formation. 
These results suggest that the LRP1B gene polymorphism is 
involved in KD pathogenesis. Patients with one or more copies 
of T allele at the LRP1B gene tend to develop CAA. This genetic 
variant is located at the 3′UTR of the LRP1B gene and is 
putatively involved in posttranscriptional mRNA regulation. In 
addition, the SNP we identified (rs6707826) showed a linkage 
disequilibrium with the SNP (rs17760152) (Supplementary 
Table 1; D′ = 1). LRP1B expression has previously been shown 
to be significantly associated with the SNP (rs17760152) (p = 
0.03996) (http://app3.titan.uio.no/biotools/ 
tool.php?app=snpexp). 

The low density lipoprotein receptor gene, LRP1B is 
located at chromosome 2q22.1 [27]. Its genomic DNA contains 
91 exons and spans more than 500 kb. LRP1B protein has four 
putative ligand-binding domains which bind or endocytose 
different ligands including urokinase-type plasminogen activator 
(uPA), tissue-type plasminogen activator (tPA), plasminogen 
activator inhibitor-1 (PAI-1) and receptor-associated protein 
(RAP) [9]. In specimens of coronary arteries, LRP1B is clearly 
observed in intimal and medial smooth muscle cells [12]. The 
increased expression of LRP1B is shown to attenuate the 
migration of smooth muscle cells by reducing membrane 
localization of urokinase and platelet-derived growth factor 
(PDGF) receptors. LRP1B shares striking similarities to LRP1 
protein. Knockout of LRP1 have been also shown to increase the 
atherosclerotic lesion area and regulate inflammatory responses 
[28]. Furthermore, studies in the LRP1 genetic variants are 
associated with an increased risk of coronary artery diseases 
[29-31]. KD is a multisystemic disorder with the possible 
underlying pathology of immune-mediated vasculitis and CAA 
complications [1, 32]. The roles of LRP1B receptor in regulating 
the vascular inflammation is yet to be investigated. Our data 
together suggest that LRP1B polymorphism may be involved in 
the formation of CAA in KD pathogenesis.  

In conclusion, our results indicate that LRP1B is 
significantly associated with the CAA formation in KD 
progression in Taiwanese children with Han Chinese ethnic 
background. Genetic polymorphism of LRP1B gene may be 
used as a genetic marker for the diagnosis and prognosis of the 
CAA formation in KD. 
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1.     Introduction 
 
Multiple hereditary exostoses (MHE; also known as multiple 
osteochondromas, MIM#133700, 133701), most frequent human 
benign bone tumors, are characterized by multiple outgrowth of 
bone capped by cartilage, mostly in the metaphyses but also 
occurring on diaphyses of long bones. Flat bones, vertebrae, and 
ribs are also affected, skull rarely involved [1]. Onset is variable, 
from early childhood to puberty, stopping increase until closure 
of growth plate [2]; prevalence is estimated at 1/50,000 among 
the European population [1]. 

MHE may be asymptomatic, but generally clinical 
presentation is heterogeneous. Because exostoses come from the 
growth plate, they may consist of deformities and various levels 
of functional limitation (sensory or motor deficits). 
Complications, such as compression of nerves and blood vessels, 
pain caused by pressure on neighboring tissue, and short stature, 
are also common [3]. Most severe secondary complication is 
malignant transformation into secondary peripheral 
chondrosarcoma (in 0.5-5.0% of cases) [4]. Patients with milder 
forms require no active therapy; physical therapy, pain 
management, and surgery are common practice in MHE cases, 
clinical outcome less than beneficial at times [5]. 

 
MHE, autosomal dominant disease, links with exostosin 1 

(EXT1) and 2 (EXT2) genes. EXT1, assigned to chromosome 
8q24.11-q24.13, comprises 11 exons spanning less than 350kb 
and encoding a polypeptide of 746 amino acids [6, 7]. EXT2 
maps to chromosome 11p11-p11.2, consists of 16 exons, and 
spans almost 108 kb. Alternative splicing allows three transcript 
variants of mRNA produced, a major one (transcript variant 2) 
encoding protein of 718 amino acids [8-10]. Both encode 
ubiquitously expressed Type-II transmembrane glycoproteins 
[6, 8, 9] that catalyze elongation of the heparan sulphate- 
glycosaminoglycan chain of matrix proteoglycans [11]. 

According to records from the Multiple Osteochondromas 
Mutation Database (MOdb) (http://medgen.ua.ac.be/LOVDv.2.0/), 
as well as recent publications, over 440 mutations in EXT1 and 
230 in EXT2 have been described [12-16]. Depending on race, 
for all MHE cases, about 56-78% mutation is detected in EXT1 
versus 21-44% for EXT2 [17]. We sequenced DNA of two 
Taiwanese patients to determine mutations in EXT1 or EXT2 
genes, also collecting published genetic analysis of Taiwanese 
MHE patients, then briefly summarized a mutation profile of the 
Taiwanese population. 
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2.    Patients and Methods 
 
2.1.    Patients 
 

Patient #1, six-year-old girl, firstborn of nonconsanguineous 
healthy parents, was brought to our genetic outpatient clinic 
because of progressive deformation over both forearms for a 
period of time. Clinical examination revealed shortened 
forearms with bony projection over distal radial and ulnar sides 
of right forearm (Figure 1A). Radiologic image disclosed 
bowing of radius and ulnar bones of both forearms with bony 
exostosis over distal ulnar bones (Figure 1B). 
 
(A) 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
(B) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 - Photograph and radiograph of Patient #1. (A) Both 

forearms and (B) X-ray image. Note bowing of radius and 

ulna with bony exostosis over distal ulna. 

 
 

Patient #2, 23-year-old female, presented typical manifestations 
of multiple long bones exostosis as index case and was referred 
by Department of Genetics of National Taiwan University 
Hospital (Taipei, Taiwan) for further genetic test. Importantly, 
the propositus’ mother and younger sister and brother had 
similar clinical phenotypes. 
Prior to genetic analysis, informed consent (as per national law) 
was obtained from adult patients or parents of each study 
subject. 
 
2.2.    DNA preparation and sequencing 

 
Genomic DNA extraction from each participant's peripheral 
blood leukocytes used MagNA Pure LC DNA Isolation Kit 
(Roche, Mannheim, Germany). Complete EXT1 and EXT2 

coding regions were amplified according to the protocol 
published by Plilippe et al. (1997) and Wuyts et al. (1998) 
[18,19]. In addition, some of the primers were redesigned in this 
study (Table 1). PCR products were purified from the agarose 
gel using QIAEX II (Qiagen, Hilden, Germany) and then used 
for direct sequencing to detect gene mutations. The direct 
sequencing process was performed using BigDye 3.1 Terminator 
cycle sequencing kit (Applied Biosystems, Forest City, CA) 
with ABI 3100 Genetic Analyzer (Applied Biosystems, Forest 
City, CA). 

To determine carrier-rate of novel mutations detected in 
Taiwanese population, EXT1 gene profile of 100 matched 
controls was analyzed by procedure mentioned above, reference 
sequence and base-pair numbers of EXT1 and EXT2 obtained 
from GenBank by accession numbers NM_000127 and 
NM_207122, respectively. 

 
 
3.     Results 
 
To identify possible exonic mutations in EXT1 and EXT2 
causing MHE, entire coding sequence on 26 DNA fragments, 
each covering an exon and its flanking regions, was amplified. 
Analysis of EXT1 and EXT2 in both patients identified one 
frame-shift and one nonsense mutation in EXT1. To our 
knowledge, neither has been described in prior article (Figure 2). 

In Patient #1, one base C at nucleotide 447 was deleted 
(c.447delC) in exon1, causing protein translation frame-shift 
after codon 149, and early terminated at codon 156 
(p.Ser149fsX156). This mutation did not appear in her parents’ 
EXT1 gene and should be spontaneous mutation. Patient #2 
showed nonsense mutation c.2034T>G (p.Tyr678X) located in 
exon10, inherited from her MHE mother. We detected this 
mutation site in other family members, confirming this mutation 
as cosegregated with disease phenotype in those afflicted with 
MHE. Neither mutation mentioned above was detected in 100 
healthy volunteers enrolled in normal control group. 

This study found another single polymorphism in EXT1, 
located at nucleotide 1761 (p.Glu587Glu), substitution of G to A. 
This site was described previously in another population [18]. 
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Fig. 2 - Sequences of novel mutations observed from 
patients’ EXT1 gene. Arrows indicate mutation sites. (A) A 
one-base C deleted at nucleotide 447 (c.447delC), (B) G to 
A substitution at nucleotide 2034 (c.2034T>G) resulting in 
p.Tyr678X 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

4.    Discussion 

 

EXT1 and EXT2 are ubiquitously expressed tumor suppressors 
of the EXT family, which includes three EXT-like genes (EXTL1, 
EXTL2, and EXTL3) [20-22]. To date, only mutant EXT1 and 
EXT2 are involved with MHE, no MHE cases have been 
identified with mutant EXTL1-3. All members of the EXT gene 
family share homologous domains: [1] exostosin located in 
N-terminal region and [2] glycosyltransferase in C-terminal 
region. The latter is involved in the biosynthesis of heparin 
sulfate at heparin sulfate proteoglycans [23]. These heparin 
sulfate proteoglycans play major roles in cell 
growth/differentiation signal pathways and interact with 
diffusion of signaling molecules like Indian Hedgehog, an 
important regulator of chondrocyte proliferation and 
differentiation in growth plate [24]. These results reflect 
cartilage growth regulatory function of EXT1/ EXT 2 genes 
[25.26] 

Our study found both mutations in EXT1. The first was 
one-base deletion and caused early termination at codon 156 
(p.Ser149fsX156), in which neither domain can be translated. 
Another appeared at c.2034T>G, causing truncated proteins 
(p.Tyr678X) with glycosyltransferase domain incomplete. Both 
mutated proteins were in premature form, their structures 
unstable and soon degraded in the cytoplasm. 

EXT1/EXT2 germline mutations have been detected in most 
MHE cases; EXT1 mutates more often than EXT2, with variable 
prevalence among populations [17, 27]. Most are frame-shift, 
nonsense, and splice-site mutations, responsible for premature 
termination of translation, inducing rapid inactivation and 
degradation with nearly complete loss of their function [17]. 

Table 1 - Sequences of redesigned primers for EXT1 and EXT2 mutation analysis of genomic DNA

 
PCR primers Exon Product 

size (bp) Forward (5’-3’) Reverse (5’-3’) 
Tm 
(C)

EXT1-exon1-1 477 GAGAGTTTGAAGTCTTTACAG TGTGGGTATACGTAGACTTTG 50 

EXT1-exon1-2 482 GAAGCGAGATGCCAACTCCAG CTGTCCTGGGATGATCCTTAG 63 

EXT1-exon1-3 458 GACATCGGCCAGGCGATGCTG GCTCA AAGGGGAAAGAGGACTG 60 

EXT1-exon3 330 GCCAGTCATTGAGTTTGTACTG GACACAGGTAATTTTCTCCTGA 55 

EXT1-exon10 261 CTTGTCATCATGTGATAATGGCCC GAGTGAAGCAAGGGAAGAGGG 56 

EXT1-exon11 235 CCTTGCACTTCTCTCATCATTATCC CCTCAA AGTCGCTCAATGTCTCGG 55 

EXT2-exon1b 386 GCCGCGCTTTCAGCATCTT CCACCTAGTGCCTGGCCCAA 55 

EXT2-exon2 670 GTGTCATTTGCCATCCTAAATA GGCCACTCAAGTATCTCCTG 55 

EXT2-exon7b 438 GCCTGGTTGGAGTGAGGCTT GGCTTGCACCTCCAAGAGCCAT 55 

Sequence used refer to GenBank accession numbers NG_007455 (EXT1) and NG_007560 (EXT2) 
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We collected Taiwanese MHE genetic analysis results from 

literature and were summary in Figure 3 [28-31]. Total thirteen 
cases were included, nine were familial cases, and four were 
sporadic cases (31%), higher than previous study estimated 
(10%) [17]. Interestingly, in these results, six cases had mutant 
EXT1, seven mutant EXT2 (54%). This result implies that the 
incidence of EXT2 in Taiwanese MHE is equal or slightly high 
than EXT1, which differs from Western populations [12, 17]. 
According to previous literature, mutations observed in coding 
region of EXT1 and EXT2 that generate frame-shift or nonsense 
change are dominant [17, 32]. Consider mutation type found in 
Taiwanese MHE cases: nonsense mutation is major (7/12, 58%), 
frame-shift type had three (25%), splicing site and missense 
mutation had one each (8.3%). These proportions concurred 
with other population studies [12, 13, 15, 17]. 

To date, we had completed nine MHE genetic studies in 
Taiwan; all found mutant EXT1 or EXT2. Yet if mutation type is 
large fragment deletion/duplication, translocation/inversions, or 
epigenetic variants, it would not be detected by PCR-directed 
DNA sequencing [33]. According to previous literature, if MHE 
case could not detect point mutation, the second most probable 
type is large fragment deletion [12-17]. To augment detection 
rate, real-time quantitative PCR, multiplex ligation-dependent 
probe amplification (MLPA), fluorescence in situ hybridization 
(FISH) and DNA microarray can serve for large fragment 
deletion/duplication mutation analysis [12,13]. If other 
candidate genes (EXTL-1-3) were considered with MHE, 
linkage analysis should be done first to narrow down the 
possible gene location. 

In conclusion, we identified two novel mutations in EXT1 
from two MHE probands of unrelated Taiwanese families and 
extended the mutation EXT1 spectrum. Our patients showed 
similar incidence of EXT1 and EXT2, lower EXT1 than among 
Westerners. Collection mutation data in both genes could help 
diagnosis and genetic counseling for MHE patients and their 
families 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
In conclusion, we identified two novel mutations in EXT1 

from two MHE probands of unrelated Taiwanese families and 
extended the mutation EXT1 spectrum. Our patients showed 
similar incidence of EXT1 and EXT2, lower EXT1 than among 
Westerners. Collection mutation data in both genes could help 
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Fig. 3 - Schematic profile of mutations on EXT1 and EXT2 genes in Taiwanese patients with multiple hereditary exostoses. 

GenBank accession numbers of mRNA sequences: EXT1: NM_000127; EXT2-v1 (isoform 1): NM_000401, EXT2-v2 (isoform 
2-Reference): NM_207122, EXT2-v3 (isoform 3): NM_001178083. 
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1.    Introduction 
 
Non-alcoholic fatty liver disease (NAFLD) involves progressive 
liver damage mainly caused by high dietary intake of cholesterol 
and saturated fat [1]. Ludwig and colleagues coined the term 
upon discovering macrovesicular lipid droplets, cell necrosis, 
inflammation, and sinusoidal fibrosis in 20 female diabetics who 
were not habitual alcohol consumers [2]. Besides non-alcoholic 
steatohepatitis (NASH), fatty liver, fibrosis, and cirrhosis are all 
part of NAFLD. Insulin resistance, oxidative stress, and 
inflammation play key roles in NAFLD progression [3], yet 
diverse etiologies exist. Most widely accepted is a two-hit 
hypothesis [4]: [5] obesity, hyperlipidemia, and diabetes induce 
hepatic fat accumulation; [6] fat amassed results in lipid 
peroxidation in hepatic cell membranes, releasing 
proinflammatory cytokines and activating stellate cells. The 

double invasion contributes to a series of immune responses: 
e.g., permeable fat infiltration, inflammatory response, cell 
necrosis, apoptosis. In brief, two-hit hypothesis entails hepatic 
fat deposition and lipid peroxidation due mainly to unbalanced 
nutrient intake. Dietary adjustment or specific functional food 
supplementation, it is believed, can benefit patients by 
postponing or even reversing pathological progression [7]. 

It is well known that edible mushrooms are low in calories 
and rich in polysaccharides, proteins, vitamins, and minerals. 
Recently, researchers have paid greater attention to the value of 
edible mushrooms in food therapy. The family Auriculae has 
two well-known mushrooms, Auricularia auricula-judae (AA) 
and Auricularia polytricha (AP). AP is a common edible 
mushroom in Taiwan. Unlike AA, AP has a thicker fruiting body 
with very short and fine fur on its backside. Plants of the 
Auriculae genus have abundant functional components: 
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ABSTRACT 
 
Background: Amelioration effect of Auricularia polytricha water extract (AP) on hepatic injury in an 
animal model of NAFLD was investigated. 
Methods: Forty six-week-old Wistar rats were housed and thirty-two fed ten percent lard high-fat diet 
to induce NAFLD. After eight weeks of induction, animals were divided into five groups of eight rats 
each: normal control, high-fat diet, RN (reversion to a normal diet), 1× AP (normal diet plus 0.75% AP, 
w/w), and 2×AP (normal diet plus 1.5% AP). Animals were sacrificed four weeks later. 
Results: Rats receiving either 0.75% or 1.5% AP exhibited effective interruption of NAFLD 
progression, as evidenced by decreased lipid accumulation and elevated antioxidative status. 
Histological examination proved AP anti-inflammatory function and lower level of related markers for 
tumor necrosis factor-α and interleukin-6. Besides abundant polysaccharides against lipid 
accumulation, AP had a specific high level of phenolic compounds and tannins thus may be a potent 
anti-inflammatory and antioxidative agent. 
Conclusion: Findings suggest that under normal diet recovery, AP supplement may represent novel, 
protective material against NAFLD by attenuating inflammatory response, oxidative stress and lipid 
deposition. 

Original article 

BioMedicine (ISSN 2211-8039) 
June 2014, Vol. 4, No. 2, Article 5, Pages 29-38 

                                  DOI 10.7603/s40681-014-0012-3



  

 
30

polysaccharides, polyphenols, tannins, etc. [8]. Polysaccharides, 
especially soluble ones, are primary active components of AP 
and AA, as discussed in previous studies [9, 10]. In addition to 
polysaccharides, polyphenols and tannins are also important 
elements in the genus. Moreover, early research mostly focused 
on the health-promoting effects of AA, with little discussion of 
the function of AP. Recently, antitumor effect, 
immunomodulation, and free radical scavenging of AP was 
investigated [11-13], unearthing evidence that active 
components of AP might have capacity to protect against the 
two-hit theory of NAFLD. Our laboratory analysis indicates AP 
aqueous extract (AP) having more active compounds and 
stronger radical-scavenging abilities than AA aqueous extract 
(Table 1) and water extraction producing less toxic and 
concentrated or elevated active components of AP. Consequently, 
we use AP as functional supplement on hepatic injury with 
animal model of NAFLD. 
 
 
 
 
 
 
 
 
 

2.    Materials and methods 

2.1.    Chemicals and Reagents 

For biochemical analysis, DiaSys system kits for Hitachi 917 
determined serum lipids, hepatic and renal function. (Holzheim, 
Germany). Commercial kit to gauge fasting blood glucose (FBS) 
was obtained from Randox Laboratories, Ltd. (Randox 
Laboratories, London, UK). Blood glucose test strips monitored 
FBS during experiments. (EasiCheck, Taiwan). Bone-specific 
alkaline phosphatase (BSAP) was quantified by commercially 
available, enzyme-linked immunosorbent assay (ELISA) kit 
(USCNK Life Sciences, Houston, TX). Osteoprotegerin was 
determined by ELISA kit (Immuno Diagnostic Systems, Boldon, 
UK). 

2.2.    Plant Extract Preparation 

A commercially cultivated strain of AP was purchased from 
Jhongpu Township, Chiayi, Taiwan, extraction procedure 
modified from that of Puttaraju and colleagues [13]. Briefly, 
rehydrated fruiting bodies were steeped in reverse osmosis (RO) 
water (5 times sample volume) at 126 ºC, high pressure 
(1.2kg/cm2) for 30 min, and ultrasonicated for 1 h. After proper 
filtration (130-140 mesh), AP was spray-dried and ground to 

fine powder (0.4mm). 

2.3.    Animals and Treatment 

Forty six-week-old, male Sprague-Dawley rats were purchased 
from the National Laboratory Animal Center (Taipei, Taiwan). 
After a week of acclimation, 32 animals were fed a high-fat diet 
containing 88% laboratory rodent chow, 10% lard, and 2% 
cholesterol, to induce NAFLD [14]. The remaining eight rats 
were fed a laboratory rodent chow as normal controls. After 
eight weeks’ induction, thirty-two rats were divided into groups: 
high-fat diet (HFD), reversion to rodent chow diet (NR), 1× AP 
(0.75% AP in chow diet, w/w), and 2× AP (1.5% AP in chow 
diet, w/w). Animals were subsequently fed designated diets for 
four weeks, then sacrificed; blood and liver samples were 
collected after study. The Institutional Animal Care and Use 
Committee of China Medical University approved animal 
protocols. 
 
 
 
 
 
 
 
 

2.4.    Plasma and Liver Analysis 

Commercial kit (DiaSYS respons®, Germany) analyzed
asparta te  aminot ransaminase  (AST)  and a lanine ami
notransaminase (ALT). AST catalyzed L-aspartate and α-ke
toglutarate to form oxaloacetate and L-glutamate, while 
oxaloacetate and NADH together formed NAD+ colored and 
detected at 340 nm. Pyruvate, end product of ALT catalyzation, 
formed detectable NAD+ with NADH at 340 nm. 

2.5.    Total cholesterol (plasma, liver), high-density 

lipoprotein cholesterol (HDL-C), low-density lipoprotein 

cholesterol (LDL-C), and very LDL cholesterol (VLDL-C) 

To obtain HDL-C and LDL-C fractions, we used precipitating 

reagent to remove VLDL-C, and chylomicron fractions from 

plasma (HDL precipitant, catalog no. 135409990885, LDL 

precipitant, catalog no. 143309990885, DiaSYS respons®). For 

hepatic cholesterol, 2 mL of extraction reagent (chloroform: 

methanol 2: 1, v/v) was added to 0.5 g of tissue samples and 

homogenized. Ten-milliliter extracts were vacuumed-dried and 

concentrated. A commercial kit (CH201, Randox, UK) detected 

cholesterol concentration of specimens. One milliliter of 

working solution was added to prepared specimens; absorbance 

Table 1 - Component analysis and antioxidative capacity of Auricularia Polytricha and Auricularia Auricula water 
extracts. 

 Total protein Total sugar  Total phenol Tannin FRAP TEAC 
 (mg/g) (mg/g) (mg gallic acid /g) (μg/g) (mM Vit C/ g ) (mM Vit E/g) 
AP 105.0± 2.3 593.2± 1.5 10.5± 0.0 764.2± 35.5 17.3 ± 0.4 50.4 ± 2.5 
AA  81.7± 0.9 683.9± 1.6  5.4± 0.0 416.4± 9.9   7.5 ± 0.3 32.6 ±1.7 

Data based on triplicate analysis from triple sampling of AA and AP extracts, values presented as mean± standard deviation. 
Abbreviations: AP, Auricularia Polytricha; AA, Auricularia auricular; FRAP, ferric reducing antioxidant power; TEAC, Trolox 
equivalent antioxidant capacity. 
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was read at 500 nm and 37 °C, VLDL-C calculated as total 

cholesterol-(HDL-C + LDL-C). 

2.6.    Plasma and hepatic triglyceride concentrations 

Ten-microliter plasma samples were directly treated with 1 mL 
of working reagent (TR213, Randox), absorbance read at 500 
nm after 5-min incubation at 37 °C. Hepatic tissue samples were 
first extracted with a proper amount of solvent (chloroform: 
methanol 2: 1, v/v) and Triton x-100 added. Extracts were 
vacuumed and reconstituted with the working reagent (TR213, 
Randox). Subsequent procedures were the same as those for 
serum samples [15]. 

 2.7.    Blood glucose and insulin levels 

During the experiment, glucose meter and blood glucose test 
strips (TD-4207, EasiCheck, Taiwan) detected fasting blood 
glucose. A commercial enzyme-linked immunosorbent assay 
(ELISA) kit for insulin (catalog no. 10-1250-01, Mercodia, 
Sweden) was used for specimen detection. Briefly, sample 
(either serum or tissue homogenate) and standards were 
incubated in a 96-well plate with certain primary antibodies. The 
secondary antibodies, horseradish peroxidase-avidin, and 
chromogenic substrate 3,3’,5,5’-tetramethylbenzidine, were 
added and mixed, data read at OD of 450 nm. HOMA-IR index 
was calculated as fasting glucose (mmol/L)×fasting insulin 
(U/mL)/22.5. 

 2.8.    Lipid peroxidation 

Lipid peroxidation was adapted from Mihara et al. [16]: 100 
microliters of serum or liver homogenates placed in a glass tube 
and mixed with 0.22% sulfuric acid (catalog no. 320501, 
Sigma-Aldrich, USA), 10% phosphotungstic acid (catalog no. 
P4006, Sigma-Aldrich), and 0.67% thiobarbituric acid (catalog 
no. T5500, Sigma-Aldrich). 1-Butanol (catalog no. 360465, 
Sigma-Aldrich) was added after 95 °C water bath for 1 h, 
supernatant absorbance read by fluorometer (excitation 515 nm, 
emission 555 nm), results based on standard curve. 

2.9.    Plasma level of vitamin C 

Plasma (100 microliters) was added to 900 μL methanol, then 
mixed well at 4 °C. Supernatant collected after centrifuge at 
3000 rpm was filtered and injected into high-performance liquid 
chromatography (HPLC, with L-7100 pump and L-7420 
UV-VIS detector, Hitachi, Japan) for analysis. Mobile phase 
contained methanol, deionized water, and glacial acetic acid (80: 
17.5: 2.5); C-18, 5-μM, 25-cm column (CA#:581325-U, 
Ascentis, UK) was used for analysis at 254 nm. 
 

2.10.    Plasma and liver vitamin E concentrations 

Proper 50 μg/mL DL-α-tocopheryl acetate amounts (internal 
control, catalog no. T3376, Sigma) and 600 mL hexane (catalog 
no. 650552, Sigma-Aldrich) added to 200 μL of plasma samples 
or brain homogenates were mixed well. Superscripts were 
collected after centrifuge at 10,000 rpm for 10 min, methanol 
(350 μL) added to reconstitute vacuum-dried samples, 80 
microliters of filtrate injected into HPLC (with an L-7100 pump 
and L-7420 UV-VIS detector, Hitachi) for determination at 290 
nm. Analytical mobile phase contained methanol (catalog no. 
34860, Sigma-Aldrich, US) and deionized water at 98:2 ratio. A 
C-18, 5 mM, 250-cm × 4.6-mm column (CA#:581325-U, 
Ascentis, UK ) was used for separation. 

2.11.    Free fatty acids (FFAs) 

This study used an FFA assay kit (catalog no. 700310, Cayman, 
USA). FFAs in plasma formed acyl CoA after catalyzation by 
acyl CoA synthetase. Acyl CoA oxidase subsequently oxidized 
acyl CoA to hydrogen peroxide. Product generated fluorescent 
resorrufin detectable at excitation 530 nm and emission 585 nm. 
 
2.12.    Superoxide dismutase (SOD) 
 

This study used a SOD assay kit (catalog no. 706002, Cayman). 
Tetrazolium salt reacts with superoxide and needs SOD to form 
superoxide; it forms yellow formazan dye at 450 nm. 
Absorbance represents clearance of superoxide by SOD, 
expressed as U/mg protein. 

2.13.    Catalase 

Our study used a catalase assay kit (catalog no. 707002, 
Cayman). As catalase catalyzes hydrogen peroxide to water, 
remaining hydrogen peroxide reacts with methanol and Purpald 
(4-amino-3-hydrazino-5-mercapto-1, 2, 4-trizole) to yield 
purple-colored bicyclic aldehyde. The complex was detected at 
540 nm, expressed as μmol/min/mg protein to reflect catalase 
activity in liver tissues. 

2.14.    Glutathione reductase (GR) 

A GR assay kit (catalog no. 703202, Cayman) was used for 
analysis. As GR catalyzes oxidized GSSG to reduced form, GSH, 
colored NADPH forms colorless NADP+ at 340 nm. Decrease in 
absorbance represents GR activity, value expressed as 
nmol/min/mg protein. 

 
2.15.    Glutathione peroxidase (GPx) 

 

A GPx assay kit (catalog no. 703102, Cayman) served for  
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analysis. Basically, reduced glutathione (GSH) in the liver 
turned into oxidized form whenever GPx catalyzed hydrogen 
peroxide to water. Decreasing rate of NADPH was measured at 
340 nm, whenever oxidized GSSG returned to its reduced form, 
value expressed as nmol/min/mg protein. 

2.16.    Plasma level of interleukin (IL)-6 

A rat IL-6 Platinum ELISA kit (catalog no. BMS625TWO, 
BenderMedsystem, Austria) served for analysis. Tissue 
homogenates were applied to a 96-well plate pre-coated with a 
rat IL-6 antibody. Biotinylated conjugates and streptavidin-HRP 
were added to bind the first antibody. Finally, 
tetramethyl-benzidine was applied to form a purple-colored 
complex, the absorbance read at OD of 450 nm. 
 

2.17.    Tumor necrosis factor (TNF)-α 

Our study used a rat TNF-α ELISA kit (catalog no. ERT2010-1, 
ASSAYPRO, USA). Briefly, plasma sample was added to a 
96-well plate pre-coated with a biotinylated antibody. TNF-α 
protein of a sample was detected at O.D. 450 nm after adding 
streptavidin-peroxidase conjugate and peroxidase enzyme 
substrate. 

2.18.    CYP 4A protein expression 

A gram of liver tissue homogenized in 4 mL 0.01 M phosphate 
buffer was centrifuged (3000 rpm) for 15 min. Supernatant was 
aspirated and centrifuged (at 10,000 ×g for 30 min and 32,000 
×g for 60 min) to acquire liver microsomes. After adjusting 
protein content, sample underwent electrophoresis: proteins of 
separation gel transferred to polyvinylidene difluoride 
membranes incubated with CP 4A monoclonal antibody, second 
antibody added with color-presenting agent to assess a group’s 
protein amount. Extent of CYP 4A protein expression on 
membrane was rated by Image Gauge software (Ver.4.01, 
Science Lab 2001, Fujifilm, Japan). 

 
 
 
 
 
 
 
 
 
 
 

2.19.  Histopathological observations 

Liver tissue was removed and perfused with 0.9% normal saline, 
largest lobule sectioned and fixed in 10% formaldehyde,  

2.19.    Histopathological observations 

Liver tissue was removed and perfused with 0.9% normal saline, 
largest lobule sectioned and fixed in 10% formaldehyde,  
paraffin-embedded sections stained with hematoxylin and eosin 
(H& E). Fat droplets and neutrophil infiltration observed were 
interpreted by criteria of Brunt and colleagues [17]. Fat 
accumulation thus had three levels: no fat droplets occupying 
liver section as grade 0, and with <33%, 33%~66%, and >66% 
of fat droplets occupying liver section as grades 1, 2, and 3 fatty 
liver, respectively. As for inflamed liver, Brunt and colleagues 
designated grade 1 inflammation as 1 or 2 foci of neutrophil 
infiltration per field, while 2~4 or 4+ foci/field in liver biopsy 
indicated grade 2 and 3 hepatitis, respectively. 
 
2.20.    Statistical analysis 

 

Data were processed with SPSS18.0 software SPSS, Chicago, IL) 
and expressed as mean ± SEM. Within-group comparisons were 
performed by one-way analysis of variance (ANOVA) followed 
by Duncan's multiple-range test. Pearson’s correlation test was 
used for correlation analysis; p value <0.05 indicated statistical 
significance. 
 

3.    Results 

3.1.    Feed efficiency and animal growth 

Table 2 depicts growth and feed efficiency of animals fed a 
high-fat diet as significantly higher than those of any other 
group. Subsequently, only the 2×AP group had significantly 
recovered food efficiency induced by high-fat diet by the end of 
the study. Liver weight and hepatosomatic index (liver 
weight/body weight) of animals that reverted to normal fat diet 
(RN, 1×AP, and 2×AP groups) were all significantly lower than 
those of the HFD group. However, levels in these groups had not 
returned to normal by the end of the study. 

 
 
 
 
 
 
 
 
 
 
 

 

Table 2 - Growth, food intake, and liver weight of animals during the experiment.  
 N HFD RN 1×AP 2×AP 
Body weight (gw)      
               Week 8 191.1± 2.7 189.7± 2.8 187.2± 4.6 184.1± 2.6 193.1± 1.4 

Week 12 427.9± 12.0b 496.7± 16.0a 458.7± 20.0ab 460.3± 11.0ab 427.5± 11.2b 
Food intake (gw/d) 37.6± 0.3a 35.3± 1.2a 35.1± 1.9a 36.9± 0.7a 35.7± 0.8a 
Food efficiency (%) 14.3± 0.6b 19.1± .2a 17.7± 1.1ab 16.4± 0.2ab 14.8± 1.8b 
Liver weight (gw) 11.4± 0.4c 22.0± 1.3a 14.6± 0.6b 17.0± 0.6b 14.9± 0.8b 
Hepatosomatic index (%) 2.6± 0.1d 4.4± 0.2a 3.2± 0.1c 3.7± 0.1b 3.4± 0.1bc 
Data presented as mean ± SEM. 
Superscripts represent statistically significant differences among groups. p<0.05 N: normal dietary group, HFD: high fat diet 
group, RN: normal diet revert group, 1×AP, and 2×AP: normal diet recovery supplemented with 0.75%(w/w) and 1.5% (w/w) AP. 
Hepatosomal index: liver weight/body weight 
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3.2.    Biochemical data 

As seen in Table 3, AST, ALT, plasma triglyceride, total 
cholesterol (TC), VLDL-C, LDL-C, FFAs, and lipid 
peroxidation levels all rose after eight weeks of high-fat 
induction, whereas HDL-C level significantly dropped. After 
returning to a normal-fat diet for four weeks, only plasma TC 
and LDL-C levels had decreased, while the HDL-C level 
slightly increased. APE supplementation with a normal diet 
produced obvious improvements in all blood lipid levels and 
marker of lipid peroxidation. For blood sugar control, APE 
supplement improved more than the dietary recovery group in 
fasting blood sugar and HOMA-IR (Table 4). Amounts of 
inflammatory markers, TNF-α and IL-6, in plasma were also 
rated. Data showed prominent changes on both TNF-α and IL-6 
plasma levels after APE supplementation (p<0.05). For hepatic 
lipids, reverting to normal diet was definitely an effective way to 
regress. Still, AP supplementation further decreased cholesterol 
level below that of the RN group; 2×AP group displayed even 
lower hepatic triglycerides, which had almost reverted to 
normal. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3.    Hepatic lipids, antioxidative status, and CYP 4A  
protein expression 

A high-fat diet dramatically decreased SOD, GPx, and GR 
activities with higher cholesterol, triglyceride and lipid 
peroxidation (MDA) levels. Upon reversion to normal diet, all 
enzyme activities improved. With further addition of 1.5% AP, 
GPx and GR activities even returned to normal, which saved 
vitamin E consumption. Serum vitamin C and E concentrations 
were kept under AP supplementation. Even hepatic vitamin E 
level might not be fully recovered by normal diet plus AP 
intervention, vitamin E levels in 1×AP and 2×AP groups were 
significantly higher than HFD group. CYP 4A is another 
identical biomarker for NAFLD. As seen in Figure 1, CYP 4A 
protein was highly expressed in all experimental groups fed the 
high-fat diet. This induction continued to the end of the 
experiment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 3 - Results of AST, ALT , plasma lipids and lipid peroxidation before and after the AP supplementation. 

 N HFD RN 1×AP 2×AP 
AST (U/L)      

Week 8 68.0± 3.6b 133.8±16.6a 126.8± 23.8a 133.8± 8.0a 124.5± 19.1a 
Week 12 71.1± 1.2b 113.0± 19.1a 87.3± 8.0ab 80.1± 6.2b 79.2± 4.4b 

ALT (U/L)      
Week 8 37.3± 0.9b 57.7± 4.2a 52.7± 2.8a 65.5± 7.8a 62.2± 3.8a 
Week 12 31.4± 1.4b 92.9± 26.0a 45.8± 3.3ab 47.3± 5.2ab 41.6± 5.1b 

Triglyceride (mg/dL)      
Week 8 37.3± 1.2b 57.8± 5.3a 51.5± 3.0a 50.8± 2.9a 54.2± 3.8a 
Week 12 21.0± 2.3b 40.9± 2.8a 38.1± 2.8a 27.6± 4.3b 23.1± 1.4b 

TC (mg/dL)      
Week 8 46.7± 2.0b 69.1± 6.9a 64.2± 2.8a 69.8± 5.0a 69.0± 2.9a 
Week 12 46.3± 3.9c 76.7± 2.9a 58.4± 3.3b 49.4± 2.4bc 48.4± 3.9bc 

VLDL-C (mg/dL)      
Week 8 26.7± 1.5b 47.8± 5.6a 43.0± 3.0a 46.2± 6.0a 45.7± 4.4b 
Week 12 16.8± 2.5c 29.3± 2.7a 24.6± 1.6ab 22.8± 1.7bc 20.1± 1.6bc 

LDL-C (mg/dL)      
Week 8 5.3± 0.6b 23.2± 4.8a 22.3± 3.2a 18.5± 3.3a 24.5± 4.4a 
Week 12 16.1± 0.6c 38.0± 3.2a 23.6± 2.5b 18.4± 1.4bc 18.4± 1.4bc 

HDL-C (mg/dL)      
Week 8 14.2± 0.7a 6.0± 1.1b 7.0± 1.0b 7.8±0.8b 7.2± 1.4b 

Week 12 13.0± 1.0a 5.2± 0.8c 8.3± 0.8b 13.2± 1.3a 13.2± 1.3a 
FFA (nmol/μL)      

Week 8 0.36± 0.02b 0.66± 0.11a 0.58± 0.05a 0.60± 0.23a 0.59± 0.08a 
Week 12 0.32± 0.07b 0.56± 0.18a 0.48± 0.12ab 0.36± 0.13b 0.32± 0.06b 

MDA (μM)      
Week 8 14.9± 1.5b 21.5± 0.6a 20.6± 0.9a 21.1± 0.9a 20.8± 0.9a 

Week 12 17.0± 0.9b 22.6± 1.4a 19.7± 0.5ab 19.5± 1.6ab 16.8± 2.7b 

Data presented as mean ± SEM. 
Superscripts represent statistically significant differences among groups. p<0.05 N: normal 
dietary group, HFD: high fat diet group, RN: normal diet revert group, 1×AP, and 2×AP: normal diet recovery supplemented 
with 0.75%(w/w) and 1.5% (w/w) AP. 
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3.4.     Histological observation 

Histological data also proved efficacy of AP at hepatoprotection. 
According to Brunt and colleague’s assessment method, the 
HFD group exhibited grade 3 fatty liver and grade 2~3 
inflammation, while the normal control group belonged to grade 
0 (Fig. 2). After reverting to normal diet, hepatic tissues of 
animals were grade 2 fatty livers and grade 1~2 inflammation. 
Improvement was even better with AP supplementation. Figure 
1 shows animals in 1×AP group with grade 1~2 fatty liver and 
grade 0~1 inflammation versus 2×AP group with both fatty liver 
and inflammation grade 0~1. Masson’s trichrome stain indicated 
fibrotic signs in hepatic tissues, but there were no fibrotic 
indications in livers from animals subsequently fed high-fat diet 
for 12 weeks (data not shown). 
 
 

4.    Discussion 

Many factors contribute to fatty liver: methionine-choline 
deficiency, alcohol, insulin resistance, hepatotoxins, lack of 
leptin or its receptor. Various animal models of NAFLD were 
devised based on those factors, but few matched most of the 
pathological symptoms of NAFLD cases; some showed 
inconsistent clinical evidence. Methionine-choline-deficient diet 
caused severe body weight loss not commonly seen in NAFLD  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
patients; the same diet with additional injection of sodium 
nitrate directly resulted in skipping the process of hepatic 
necrosis. Liquid diet containing 71% fat did not fit dietary fatty 
acid pattern of NAFLD patients. After hypercaloric diet with 
37% corn oil, animals did not have the same protein expressions 
of CYP2E1 and Peroxisome proliferator activated receptors 
(PPAR)-α. Overall, an animal model fed a combination of 88% 
chow diet (w/w), 10% lard (w/w), and 2% cholesterol (w/w) had 
strong phenomenological similarities to NAFLD clinical cases. 
Our study’s model successfully induced visceral obesity, high 
plasma FFA levels, hyperlipidemia, and liver CYP4A (data not 
shown) and CYP2E1 expression. Dramatic changes in AST and 
ALT are known signatures of liver disease. One study showed 
that ALT changed more than AST in NAFLD patients; fibrosis 
was initiated when greater AST changes occurred [18]. In this 
study, 12-week high-fat diet induced greater changes in ALT 
than AST activity. The model had consistent changes with 
clinical findings of NAFLD. 

    Two hits of lipid deposition and free radical formation 
describe pathological process of NAFLD, for which symptoms 
are reversible with proper nutritional adjustment. With high-fat 
intervention, insulin resistance (HOMA-IR) was induced, 
stimulating FFA release and transport to the liver that caused 
triglyceride storage therein. The high-fat diet also caused  

dysregulation of cholesterol transport. Although changes in 
  

  
Table 4 - End-point plasma glucose control, inflammatory markers, hepatic lipids, and oxidative enzyme activities. 
 N HFD RN 1×AP 2×AP 
  FBS (mg/dL) 139.0± 7.1b 171.3± 5.6a 161.6± 8.2a 141.0± 2.1b 133.6± 7.4b 
  Insulin (μg/L) 0.21± 0.04b 1.20± 0.25a 0.38± 0.20b 0.29± 0.07b 0.22± 0.04b 
  HOMA-IR 1.7± 0.4b 7.9± 2.4a 4.2± 2.5ab 2.5± 0.6b 1.9± 0.4b 
  Vit E (μg/mL) 20.8± 1.0a 15.8± 0.7b 17.7± 1.2ab 20.0± 1.7a 21.2± 1.9a 
  Vit C (μM) 453.9±8.0bc 388.3± 12.7d 414.0± 17.0cd 476.4± 27.4ab 532.9± 37.5a 
  TNF-a (ng/mL) 1.8± 0.0bc 3.2± 0.4a 2.7± 0.5ab 1.2± 0.2c 1.2± 0.2c 
  IL-6 (ng/mL) 21.2± 2.2b 48.8± 5.8a 34.8± 7.2ab 25.1± 3.2b 23.0± 2.8b 
Hepatic lipids      
  cholesterol (mg/g) 2.7± 0.2c 28.7± 3.5a 12.0± 2.6b 4.9± 1.1c 5.5± 1.8c 
  triglyceride (mg/g) 4.5± 0.2c 19.1± 1.4a 8.8± 0.6b 8.4± 0.9b 6.4± 0.8bc 
Hepatic oxidative status      
  SOD (U/mg) 210.0± 12.0a 142.2± 11.9b 187.3±11.0ab 172.9± 32.8ab 206.1± 34.2a 
  GR (nmol/min/mg) 20.2± 3.3a 10.9± 1.2b 12.5± 2.1ab 14.9± 2.4ab 19.8± 3.5a 
  Catalase (nmol/min/mg) 2032.6±384.1b 3111.8± 250.2a 1664.0± 173.2b 1545.6± 166.4b 1804.4±162.4b 
  GPX (nmol/min/mg) 605.8± 85.5a 351.9± 16.0c 344.9± 23.4c 398.7± 14.7bc 511.8± 46.7ab 
  Vit E (μg/g) 63.4± 7.8a 14.1± 2.0d 18.8± 2.2cd 29.8± 3.4bc 34.2± 3.1b 
  MDA (μmol/g) 687.3± 62.2c 1433.5± 59.8a 933.7± 43.6b 740.1± 45.9c 699.6± 58.1c 
Data presented as mean ± SEM. 
Superscripts represent statistically significant differences among groups. p<0.05 N, normal 
dietary group; HFD, high-fat diet group; RN, normal diet reversion group; 1× and 2× AP, normal diet recovery supplemented with 
0.75% (w/w) and 1.5% (w/w) of Auricularia polytricha water extract, respectively. 
FBS, fasting blood sugar; HOMA-IR, homeostatic model assessment- insulin resistance; TNF, tumor necrosis factor; IL, 
interleukin; SOD, superoxide dismutase; GR, glutathione reductase; GPx, glutathione peroxidase; MDA, malondialdehyde. 
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Fig. 1 - CYP4A protein expression in each group. (n=8) 
Different symbols on each bar represented significantly different within groups, p<0.05. 
N, normal dietary group; HFD, high-fat diet group; RN, normal diet reversion group; 1× and 2× 
AP, normal diet recovery supplemented with 0.75% (w/w) and 1.5% (w/w) of the  water extract 
of Auricularia polytricha, respectively. 

 

Fig.2 - H & E stain of hepatic tissue sections in the groups. Pictures were taken under 400 times 
magnification. Interpreting by Brunt’s method, (A) grade 0 fatty liver and inflammation (B) grade 3 fatty 
liver and grade 2-3 inflammation (C) grade 2 fatty liver and grade 1-2 inflammation (D) grade1-2 fatty 
liver and grade 0-1 inflammation (E) grade 0-1 fatty liver and grade 0-1 inflammation. The arrow-pointing 
area indicated neutrophil infiltration foci in the tissue section. 
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plasma AST and ALT levels were not more obvious than those 
in the normal group, addition of AP made much greater progress 
in elevating insulin sensitivity and lipid metabolism than those 
with normal dietintervention, insulin resistance (HOMA-IR) was 
induced, stimulating FFA release and transport to the liver that 
caused triglyceride storage therein. The high-fat diet also caused 
dysregulation of cholesterol transport. Although changes in 
plasma AST and ALT levels were not more obvious than those 
in the normal group, addition of AP made much greater progress 
in elevating insulin sensitivity and lipid metabolism than those 
with normal diet. 

When we discuss health-promoting effect of AP, poly- 
saccharides are always addressed as chief active compounds. 
According to our laboratory data, the AP had 90% dietary fiber, 
including 74.0% soluble and 22.6% insoluble fibers; thus its 
action cannot be neglected. According to prior studies, about 
5~10% (w/w) fiber in the diet, an average of 1~3 g fiber intake, 
can effectively improve symptoms of fatty liver disease by 
insulin regulation, antioxidation, and lipid-lowering action 
[19-21]. Effect of high fibers could also be shown as decreased 
food efficiency in our study. While it successfully regulates and 
decreases all the above-cited categories, 10% β-glucan did not 
decrease TNF-α expression in obese Zucker rats [22]. Compared 
to the normal (RN) group, extra fiber content in AP groups were 
no more than 0.4725 g (with average intake of 0.525 g of the 
AP), and lipid-lowering, glucose-homeostatic, antioxidative and 
also anti-inflammatory effects were seen in the study. These 
phenomena imply that the power of AP might emanate from 
fiber content and depend on its abundant polyphenols, especially 
tannins. Main phenols in AP were gallic acid, tannic acid, and 
protocatechuic acid [13]. Tannins in AP, rarely discussed in 
previous studies, are first emphasized our study.  However, 
anti-inflammatory-related effects of phenols were often 
investigated. Other than raising GSH levels and lowering IL-6 
and TNF-α, above-mentioned AP phenols might work via 
superoxide clearance and monocyte chemotactic protein 
(MCP)-1 suppression to implement antioxidative and 
anti-inflammatory action [23-25]. Functional components other 
than dietary fiber in AP were described in our study; laboratory 
analysis showed content of each hypothetically active 
component in AP not predominant among known natural herbs. 
Perhaps extraction produced specific combination that showed 
efficacy of improving NASH pathology, or actual active 
component remains unknown and needs further studies for 
elucidation. 

Most dietary supplements or functional foods have good 
lipid-lowering effect, albeit potency too strong to affect HDL-C 
level. Balanced diet in the study reversed lipoprotein distribution 
but did not cause it to return to a normal level. A previous study 
discussed lipid-regulating effect of AA; results showed it 

lowering TC and LDL-C without affecting HDL-C level [26, 27]. 
Yet AP supplementation exerted its influence on lipoprotein 
metabolism and strongly elevated HDL-C. Higher amount of 
phenols in AP than in AA may elevate HDL-C by activating 
lipoprotein lipase activity [28]. Active components in AP may 
possess a CETP-inhibiting action to increase HDL-C [27], 
further research must clarify. Our results indicate AP as an ideal 
health food material for lipid regulation. 

As for antioxidative status, high-fat diet for eight weeks 
yielded high oxidative status, as indicated by decrease in 
low-oxidative marker enzyme, GPx, and high induction of 
high-oxidative marker enzyme, catalase. Strictly normal diet 
failed to improve oxidative status or inflammatory biomarkers. 
Mushrooms have abundant antioxidants (phenolic compounds, 
polysaccharides, nicotinic acid, ergosterols, triterpenes); 
activities of most antioxidative enzymes like GR, GPx, and SOD 
in the 2×AP group had recovered. High phenol compounds and 
tannins in AP reduced consumption of tocopherols and ascorbic 
acid, which remained as antioxidative nutrients in a 
hyperoxidative body. CYP4A joined ω-oxidation in microsomes. 
Expression of CYP4A increases when peroxisomal lipid 
peroxidation occurs in mitochondria [29, 30]. Under PPAR-α 
stimulation, CYP4A regulates long-chain fatty acid oxidation, 
and elevates hydrogen peroxide to cause cell damage and fatty 
liver formation. Overexpression of PPAR-α was observed in 
NASH patients [30]. In the present study, benefit of CYP 4A 
was not seen in normal-diet or AP-supplemented groups.  
Further studies must clarify action of AP on microsomal fatty 
acid oxidation. 

Clinical studies show NASH patients with phenomenally 
high TNF-α expression than those with other fatty liver disease 
[31]. TNF-α released by visceral fat accelerates NAFLD 
progression and activates its receptor to cause hepatic fat to 
accumulate. Increased oxidized FFAs induce a hepatic kinase 
(IKKβ) pathway, then secrete TNF-α and IL-6. Eventually, both 
cytokines might postpone the signaling pathway, triggering 
insulin resistance [32]. This portends AP effectively removing 
two hits in a NASH animal model.  If we convert effective 
dosage in the study for human usage, 1.5 g/kg BW in rats might 
be equivalent to 0.24 g/kg BW for humans. Taking extraction 
rate into consideration, a 60 kg man would ingest 144 g dry AP 
powder, though crude powder without proper purification had 
lower polyphenol, tannin, and flavone levels. APE shows 
definite potential for new functional food ingredients. 

 
 

5.    Conclusions 

This study proved supplementation with AP effectively 
mitigating two-hit factors of NAFLD and postponing disease 
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progression. Future research can focus on health benefits toward 
metabolic syndrome, type 2 diabetes, and related metabolic 
disorders. Studies of active components in AP are also needed 
for health food development. 
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1.    Introduction 

1.1.    Background of Myofascial trigger point (MTrP) 
  
Originally, myofascial trigger point (MTP) was defined by 
Travell and Simons [1, 2] as most tender (hyperirritable) spot in 
a palpable taut band of skeletal muscle fibers and basic cause of 
myofascial pain syndrome. They also defined latent MTrP is 
tender, but not painful spontaneously; active MTrP is painful 
spontaneously or in response to movement of the involved 
muscle. Almost all adults have latent MTrPs in most skeletal 
muscles, but no latent MTrPs in children under the age of one 
year [3]. Latent MTrPs may develop after age one or later when 
children grow up with repetitive minor traumas to nerves or 
muscles [4]. Pressure stimulation of an MTrP can elicit pain, 
referred pain, and local twitch response (LTR) (brisk contraction 
of muscle fibers in its taut band), all characteristics of an MTrP. 
[1, 2] Pain elicited by compression of this spot is familiar to the 
patient as the usual pain complaint (pain recognition) [2]. It has 
been suggested that “spot tenderness”, “taut band”, and “pain 
recognition” are crucial for diagnosis; “referred pain” and “local 
twitch responses” serve as “confirmatory signs” for MTrP 
diagnosis [5]. Clinically, myofascial pain syndrome includes any 
phenomenon due to activation of latent MTrPs as a consequence  

of a certain pathological conditions: e.g., chronic repetitive 
minor muscle strain, poor posture, systemic disease, 
neuromusculoskeletal lesions (sprain, strain, bursitis, 
enthesopathy, arthritis, vertebra disc lesion) [6-8]. In clinical 
observation, if an MTrP is not appropriately treated and 
associated underlying pathological lesion not eliminated, it can 
be expanded to other regions and develop other active MTrPs. [2, 
6, 8-11] Original MTrP is called primary or key MTrP, later 
developed ones are secondary or satellite MTrPs [1]. Inactivation 
of a key MTrP can subsequently eliminate satellite MTrPs [2, 
10]. 

 
1.2.    Pathophysiology of myofascial trigger point 
 
Recent studies on both human subjects and animals suggest 
multiple MTrP loci in an MTrP region [7, 10] and an MTrP locus 
containing a sensory (sensitive or LTR locus) and a motor 
component (active, spontaneous electrical activity, or SEA locus). 
(Figure 1) [7, 8, 10, 11]. Stimulation of a sensitive locus elicits 
local pain, referred pain, and local twitch response [7, 8, 11, 12]. 
Hong suggested that an MTrP is integrated in the spinal cord via 
a “myofascial trigger point circuit (MTrP circuit)” (Figure 2) [6, 
8, 11]. Nociceptors in an MTrP region connect to a group of 
dorsal horn cells (sensory neurons) in the spinal cord, “MTrP  
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ABSTRACT 
 
Myofascial trigger point (MTrP) is a major cause of muscle pain, characterized with a hyperirritable 
spot due to accumulation of sensitized nociceptors in skeletal muscle fibers. Many needling therapy 
techniques for MTrP inactivation exist. Based on prior human and animal studies, multiple insertions 
can almost completely eliminate the MTrP pain forthwith. It is an attempt to stimulate many sensitive 
loci (nociceptors) in the MTrP region to induce sharp pain, referred pain or local twitch response. 
Suggested mechanisms of needling analgesia include effects related to immune, hormonal or nervous 
system. Compared to slow-acting biochemical effects involving immune or hormonal system, 
neurological effects can act faster to provide immediate and complete pain relief. Most likely 
mechanism of multiple needle insertion therapy for MTrP inactivation is to encounter sensitive 
nociceptors with the high-pressure stimulation of a sharp needle tip to activate a descending pain 
inhibitory system. This technique is strongly recommended for myofascial pain therapy in order to 
resume patient’s normal life rapidly, thus saving medical and social resources. 
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Fig. 2 - Connection of “myofascail trigger point  
circuit” (“MTrP circuit”) in the spinal cord. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                             
related sensory neurons” responsible for central sensitization and 
transmission of pain information to the brain. The neural network 
with connections among them is defined as an “MTrP circuit” [6, 
13]. Such a circuit corresponding to a certain MTrP can send 
nerve branches to connect with another MTrP circuit 
corresponding to other MTrPs. Latent MTrP may activate if 
stimuli from peripheral sites are strong enough to trigger its 
MTrP circuit. Mechanical stimulation to a sensitive locus may 
elicit local pain if strong enough. Stronger stimulation may elicit 
referred pain to a remote region. Very strong (such as a tiny 
needle tip) stimulation may elicit local twitch response (Figure 3). 
Histological study suggests sensitive locus as actually a free 
nerve ending, a sensitized nociceptor [7, 8, 11]: i.e. MTrP as a 
region accumulating multiple sensitized nociceptors [8, 11] 
whose irritation or sensitization of nociceptors causes 
spontaneous pain. Yet pain from stimulation of sensitized 
nociceptors differs from pain elicited by stimulation of normal 
(non-sensitized) nociceptors. In clinical practice (especially 
during MTrP injection), many patients distinguish these types of 
pain with different nature; they usually describe pain due to 
MTrP as a “sore pain” that occurs spontaneously (active MTrP) 
or is elicited by stimulation of sensitized nociceptors.  

Spontaneous electrical activity, including endplate noise 
(EPN) and endplate spike (EPS), can be recorded from active 
(SEA or EPN) loci (Figure 4) [2, 7, 14-16]. Simons has strongly 
suggested MTrP always locating at an endplate zone of a 
muscle and EPN as always recorded from an MTrP region [17-22]; 
he has connected this finding to the formation of taut band [22]. 
In an early microscopic study, Simons et al. found contracture 
knots in the taut band of dog skeletal muscle fibers [23] 
(Figure 5). The EPN emanates from over leakage of 
acetylcholine (Ach) molecules in motor nerve endings, which   

Fig. 1 -Multiple MTrP loci in a myofascial trigger point region.
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Fig. 3 - Stimulation of a sensitive locus with needle tip during 
MTrP injection to elicit pain, referred pain or local twitch 
response. 
 
cause shortening of sarcomere in the endplate zone only, but not  
extended to sarcomeres outside the endplate zone, since only 
graded (but not action) potentials has developed in this region. 
Sarcomere contraction can increase of tension in the muscle 
fibers (taut band). Due to the sarcomere contraction, the focal 
circulation is impaired but the energy requirement is increased, 
and thus cause energy crisis [22]. Simons has developed an 
“integrated hypothesis of MTrP” (Figure 6) [20, 22, 24, 25]. This 
integrated hypothesis has three essential features: excessive 
acetylcholine release, sarcomere shortening, and release of 
sensitizing substances [19]. Greater acetylcholine release 
aggravates muscle fiber tension (taut band) containing MTrP and 
subsequently causes “energy crisis” with increased metabolism, 
local ischemia and hypoxia that in turn induce secretion of 
sensitizing substances to cause pain. Sensitizing substances 
further cause abnormal acetylcholine release so that a vicious 
cycle is completed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 - Contraction knot in the endplate zone of a taut band 
with shortening of sarcomeres, but relatively elongated 
sarcomeres outside the endplate zone, to increase tension of 
the taut band. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 - Spontaneous electrical activity (SEA) including endplate noise (EPN) and endplate spike (EPS) can 
be frequently recorded in a MTrP region. 

Fig. 6 -Simons' integrated hypothesis of myofascial trigger point.
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1.3.    Treatment of Myofascial Trigger Point 
 
In clinical practice, MTrPs due to over activity or inappropriate 
activity of muscle itself can be easily inactivated after 
appropriate rest and avoidance of overuse or inappropriate use. 
However, active MTrPs associated with pathological conditions 
including chronic repetitive minor muscle strain, poor posture, 
systemic diseases, or neuromusculoskeletal lesions (such as 
sprain, strain, bursitis, enthesopathy, arthritis, vertebra disc lesion, 
etc.) cannot be easily eliminated if the underlying or related 
lesion is not appropriately treated [2, 5-7, 10, 13]. If the 
underlying pathology is not appropriately and completely treated, 
the MTrP can only be inactivated temporarily, but never 
completely. However, in some situations, inactivation of MTrP is 
necessary. These conditions include unable to identify the 
underlying etiological lesion, difficulty in treating the underlying 
etiological lesion, intolerable pain prior to eliminate the 
etiological lesion, etc.  

To inactive an MTrP, conservative treatment (such as 
appropriate systemic or local applied non-steroidal 
anti-inflammatory drug, thermotherapy, manual therapy, and 
other physical modalities) should be performed prior to more 
aggressive therapy (such as local steroid injection, spinal facet 
joint injection, MTrP injection, dry needling, or acupuncture), 
especially for acute lesions or mild lesions [2, 6, 7, 13, 26, 27]. 
 
 

2.    Needling therapy for myofascial trigger points 

Such therapy means any treatment with needles, including 
injection and dry needing. Injection entails introduction of drugs 
via an “injection needle” (containing a central hollow); dry 
needling involves penetration through skin without introducing 
any drug. Using a solid needle without central hollow or an 
injection needle with a central hollow can perform dry needling. 
MTrP injection with various solutions has been applied for 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

inactivation of MTrPs: e.g., traditional MTrP injection with 
Travel’s technique [1], MTrP injection with botulinum toxin A 
[28-30], MTrP injection with multiple rapid insertions [9, 10, 31], 
injection of taut band plus MTrP [32], pre-injection blocks prior 
to MTrP injection [32]. 

MTrP is also inactivated by various techniques: traditional 
acupuncture [33-39], dry needling with EMG needle [31, 40-47], 
dry needling with electrical stimulation (similar to electrical 
acupuncture) [48-50], superficial dry needling [51-53] and Fu’s 
(remote) subcutaneous needling [54-57]. Kalichman and 
Vulfsons [58] suggested dry needling is a cheap, easy to learn 
with appropriate training, caring lower risk and minimally 
invasive treatment modality. With either MTrP injection or dry 
needling, MTrP itself can be needled directly or a remote site can 
be needled (remote needling therapy). In all cases, immediate 
and complete pain relief is most frequently obtained if multiple 
insertion technique is applied [1, 9, 10, 12, 40, 41, 47]. To date, 
we see this as the best technique of MTrP needling. 

 

3.    Mutiple needle insertion technique 

3.1.    Background of Multiple Needling Technique 
  
Traditional MTrP injection originally developed by Travell is 
actually multiple insertion [59]. The needle should be moved 
in-and-out into different directions to encounter sensitive spots in 
an MTrP region. In this way, MTrP pain can usually be almost 
completely eliminated immediately after most multiple sensitive 
spots are injected with a drop of local anesthetic agent on each 
site. Hong [9] has modified this technique to a fast-movement 
procedure in order to avoid tissue damage from side movement 
of needle or the grabbing of needle by an elicited LTR. Later, this 
new technique has been recommended by Simons [2] and widely 
use for trigger point injection or needling. Multiple rapid 
insertion technique modified by Hong includes a special way of 
holding a syringe and carefully palpating the taut band and  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
insertion technique modified by Hong includes a special way of 
rapid penetration if the patient moves during injection. Carful  

Fig. 7 - Hong' rapid multiple needle insertion technique, including careful palpation of MTrP to direct the injection 
needle (A), and a special way of holding and controlling syringe with the palm firmly contact with patient's body (B). 
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tender spot (MTrP region) with a finger of non-dominant hand 
(not holding the syringe) (Figure 7). Palm of the hand holding a 
syringe must tightly contact patient’s body to avoid excessive 
penetration if the patient moves during injection. Careful 
palpation of the MTrP region reduces number of needle 
penetrations to avoid excessive bleeding or muscle fiber damage.  
 
3.2.    Modification of Multiple Rapid Needling Technique 
 
Multiple needle insertion technique is widely accepted for MTrP 
inactivation, by either MTrP injection or dry needling [1, 9, 25, 
42, 45, 46]. Acupuncture needle is smaller in size than regular 
injection needle and hence difficult to apply in MTrP region with 
rapid needle movement. Recently, Chou et al [40] developed a 
new technique of acupuncture therapy with simultaneous rotation 
of the needle to facilitate its in-and-out movement. This 
technique is similar to MTrP dry needling by insertion of 
acupuncture needle into multiple loci of MTrP regions with a fast 
insertion speed (to provide high-pressure stimulation to sensitive 
loci) to elicit LTRs easily. Simultaneous rotation of needle (fast 
screwed-in and screwed-out technique) expedites rapid needle 
movement and avoids bending of the small-sized acupuncture 
needle. This technique was originally developed to inactivate an 
MTrP in the upper trapezius by needling the MTrP at the 
ipsilateral forearm following the principle of acupuncture; it can 
also be applied in direct needling of an MTrP. When this 
techniques was developed, it was found that irritability 
(measured as subjective pain intensity, pain threshold, and 
amplitude change of EPN) of the MTrP in the upper trapezius 
muscle could be suppressed after needling remote acupoints [41]; 
this effectiveness was also confirmed by animal study [60, 61]. 
This technique is further recommended for myofascial pain 
therapy, a simple and rapid way to relieve chronic pain, using 
low-cost medical supplies. Once patients resume their normal 
lives, they behave much better to provide social contribution. 
Therefore, it is a cost-effective technique in medical care. 

 

4.    Proposed mechanism of multiple rapid 
needling therapy for pain control  

Various theories explain possible mechanism [62]. Chinese 
traditional acupuncture for pain control is based on a Traditional 
Chinese Medicine (TCM) theory developed 2500 years ago [63, 
64], but it lacks scientific proof. Many studies cite release of 
endogenous opiates in the central nervous system [65-74] after 
needling therapy; others suggested the existence of peripheral 
opiate receptors acting locally rather than systemically in 
needling analgesia via anti-inflammatory effect [75-77]. 
Serotoninergic descending pain inhibitory pathway for pain relief 
after needling therapy has also been recently studied [36, 72, 
78-81]. Neural pathway for pain inhibition has been well 
accepted [36, 82-84]. Considering very fast response of pain 
suppression immediately after multiple rapid needle insertion, it 
is more likely that analgesic effect is via the nerve pathway 
rather the slow chemical reaction. Multiple mechanisms are very 
likely involved in needling analgesia [36], depending on type of 
needling. 

 

5.    Proposed mechanism of multiple rapid 
needling therapy  

Purpose of multiple needle insertion during needling is to 

encounter as many sensitive loci in an MTrP region as possible; 
rapid needle movement leads high-pressure stimulation to 
sensitive loci to elicit more LTRs. As suggested by Hong [8, 85], 
the most likely mechanism of immediate and total pain relief 
after multiple and rapid needle stimulation is hyperstimulation 
analgesia [34] via descending pain inhibitory system. Strong 
pressure stimulation by rapid needle movement to the MTrP loci 
(sensitized nociceptors) can provide very strong neural impulses 
to dorsal horn cells in the spinal cord, breaking the vicious cycle 
of the “MTrP circuit” via descending pain inhibitory pathway [6, 
13]. 

 

6.    Conclusion 

Best technique for total immediate inactivation of MTrP is 
“multiple rapid insertion.” It very likely provides high-pressure 
stimulation to the multiple sensitized nociceptors via the 
descending pain inhibitory pathway, quickly interrupting “MTrP 
circuit” vicious cycle to eliminate pain immediately. This 
technique is strongly recommended for myofascial pain in order 
to resume patient’s normal life rapidly, thus saving medical and 
social resources. 
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Microsatellites, also known as simple sequence repeats (SSRs), 
are patterns existing in a broad gamut of species, accounting for 
2% of total human genome [1]. In general, basic repeat length 
consists of from one to six nucleotides [2]. Different from other 
kinds of biomarkers, microsatellites evolve rapidly, distribute 
widely and escape natural selection, making them ideal 
molecular biomarkers for identification testing, paternity testing, 
and criminal investigation, based upon their advantages of 
various polymorphisms and simple detection using polymerase 
chain reaction [3, 4]. Recent reports mentioned that in certain 
genes, length or position of microsatellites would alter 
regulation of biological functions directly or indirectly [5]. Copy 
number or sequence variation of microsatellites may cause 
genetic disorders like Huntington’s chorea, a severe 
neurodegenerative genetic disorder arising from abnormal 
increase of “CAG” triplet repeats in Huntington (HTT) gene 
coding region in chromosome 4 [6]. Multiple “CAG” repeats in 
HTT gene encodes poly-glutamine (poly-Q) peptides trigger 
cytotoxic protein misfolding and aggregation in neurons, which  

 
impair muscle coordination, lead to cognitive decline and 
psychiatric problems, finally causing death from respiratory 
failure. 

Microsatellites also play a crucial role in species evolution. 
Repeat numbers of microsatellites usually presented resources of 
variations in morphological evolution [7]. Yet it is difficult to 
select useful, functional microsatellites for biological studies or 
clinical investigation owing to myriad patterns embedded in 
large amount of repeats. Also, conservation of microsatellites 
derived from various species was still unclear. It is thus 
important to develop an effective and efficient tool for 
identifying functional microsatellites and analyzing conserved 
and exclusive features of cross-species microsatellites. We 
designed an algorithm to ferret out microsatellite candidates 
with highly conserved traits via cross-species comparison or 
unique motif patterns apparent in certain group of genes or 
organisms. Selected species genomes contain two major 
categories: mammals (Mus musculus, Canis familiaris, Bos 
Taurus, Macaca mulatta, Gorilla gorilla, Homo sapiens) and  

Cross-species identification of in silico microsatellite 
biomarkers for genetic disease 
 
Hao-Teng Changa,b, Yu-Yang Loc, Jhen-Li Huangc, Wei-Yong Lind, Tun-Wen Paic,* 
 
aGraduate Institute of Basic Medical Science, China Medical University, Taichung, Taiwan 
bDepartment of Computer Science and Information Engineering, Asia University, Taichung, Taiwan 
cDepartment of Computer Science and Engineering, National Taiwan Ocean University, Keelung, Taiwan 
dGraduate Institute of Integrated Medicine, China Medical University, Taichung, Taiwan 
  
 
Received 5th of January 2014 Accepted 20th of January 2014 
© The Author(s) 2014. This article is published with open access by China Medical University 

 
Keywords:  
Microsatellite; 
Simple sequence repeat; 
Genetic disease 
 

ABSTRACT 
 
Microsatellites appear widely in genomes of diverse species. Variants of repeat number of microsatellites 
often correlate with risks of genetic disorder or severity of diseases. Using cross-species comparison, the 
proposed system comprehensively verifies microsatellites of specific genes related to 16 genetic disorders. 
Genomic information retrieved from 14 frequently used model organisms in biomedical study was 
thoroughly analyzed, emphasizing conserved and diverse traits. Features of microsatellite sequences 
among different organisms, including appearing frequency, position, pattern and distribution, could be 
determined automatically for stating genetically functional conservation and evolutionary correlation. This 
research found that among mammals and fishes, the microsatellite sequences are conserved in the genes of 
epidermal growth factor receptor, ataxia telangiectasia mutated and androgen receptor corresponding to 
cancers, ataxia telangiectasia and hepatocellular carcinoma, respectively. Still, except fruit fly conserved 
CAG repeats in Huntington and Spinocerebellar ataxia type 2 genes, no microsatellites were conserved in 
those genes linked to neurological/neurodegenerative disorders among mammal and fish species. In 
comparison of mammalian species, microsatellite biomarkers identified from 17 genetic disorder-related 
genes revealed high repeat conservation, especially in human, gorilla and macaque. Obviously, this 
comparative analysis illustrates microsatellite repeats affecting genetic disorders, highly correlated to 
evolutionary distance of species. Chief contribution of this in silico research lies in assisting biologists to 
identify disease-related microsatellite biomarkers and employ appropriate model organisms for further 
biomedical studies relying on microsatellite conservation information. Database http://ssrtc.cs.ntou.edu.tw 
is for academic use. 
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fish (Danio rerio, Gasterosteus aculeatus, Oryzias latipes, 
Gadus morhua, Tetraodon nigroviridis, Takifugu rubripes), plus 
two common model organisms of fruit fly (Drosophila 
melanogaster) and roundworm (Caenorhabditis elegans). 
Genomic sequences and gene annotation of these selected model 
organisms were retrieved from Ensembl database version 65, 
which contain information on sequence IDs and positions of 
coding, exon, intron and 5’-/3’-untranslated region (UTR) of 
each gene. Microsatellites were highly variable; repeat 
variations likely caused severe disorders. To ascertain whether 
mining of microsatellite biomarkers could be achieved by 
cross-species comparison, 16 genetic inheritance diseases 
originating from microsatellite repeat variations were 
incorporated into this study (Table 1) [8]. 

To expedite identification of orthologous microsatellites 
from various species, all microsatellite candidates were 
pre-identified by auto-correlation search algorithms [9]. Length 
of microsatellite in this study was defined as equal to or greater 
than twenty nucleotides, basis repeat pattern of each 
microsatellite comprised one to six nucleotides. Still, during 
DNA synthesis and replication, genetic variation (insertion, 
deletion, substitution) can yield imperfect microsatellite repeat 
patterns. We defined the variant types as noise in imperfect 
microsatellites. Except for identification of perfect microsatellite 
patterns, our algorithms allowed comparison on microsatellite 
repeats containing multi-scale noise by setting tolerance 
parameters. 

Position and length of microsatellites within each gene were 
identified, analyzed, noted, recorded and stored in the designed 
microsatellite database. According to the gene annotation and 
coordination defined by Ensembl, positions of microsatellites 
were also stored. Users define a set of genes, groups of 
interesting species genomes, and specific patterns of 
microsatellite sequence as per their requests. The proposed 
system can automatically compare and analyze occurrence 
frequency and differences of microsatellites. Output information 
comprises repeat pattern, length, genetic loci within genomes, 
and conserved and exclusive levels of microsatellites among 
species, whose information can serve as an indicator for 
selecting model organisms in studies of microsatellite-related 
diseases. 

Microsatellites inter-dispersively distribute in 7 areas of a 
gene including coding region, exon, intron, 5’-untranslated 
region (UTR), 3’-UTR, upstream and downstream. To limit 
extent of the query gene, the regions of upstream and 
downstream were extended to 2,000 nucleotides at upstream of 
5’-UTR and downstream of 3’-UTR, respectively. Based on 
shifting mechanisms, different patterns of microsatellites might 
be recognized as the same ones. For example, within a piece of 
DNA sequence “ACTACTACTACT”, repeat patterns of “ACT”, 
“CTA” or “TAC” could be defined as the same repeat unit. Also, 
with DNA sequence complementary, those complementary 
patterns also would be recognized as the same. This definition 
recognizes 501 possible patterns as distinct microsatellite 
repeats [10]. 

As mentioned, coding regions are relatively important for 
determining alteration of protein functions due to poly-residue 
insertion caused by multiple microsatellite repeats. The 
proposed system translates coding sequences into amino acid 
residues so that biologists can readily observe mutations within 
genes. To describe position of microsatellites, the system 
designed novel presentation method composed of repeat pattern 
and its corresponding position: e.g., “ACC@Coding” means a 

microsatellite composed of multiple ACC repeats, motif located 
at coding region of query gene with length greater than 20 
nucleotides. Since microsatellites distribute widely in species 
genomes, biologists meet obstacles in searching and identifying 
bio-functional microsatellites. This proposed system allows 
users to set microsatellite conservation ratio that provides 
information of conservation degrees of microsatellites within a 
specified species group. Users can define species clusters in 
advance according to research purpose; cross-species 
comparison identifies ortholog microsatellites. 

Analysis of cross-species microsatellites identified from 16 
genetic disorders plotted correlation between genetic disorder 
and phylogenic relationship. Among the microsatellites of 
genetic disorders, mammals conserved most. Disease-related 
types include epidermal growth factor receptor (EGFR) for 
cancer, Ataxia telangiectasia mutated (ATM) for Ataxia 
telangiectasia and Androgen receptor (AR) for liver cancer 
conserved in both mammals and fish (Table 1). By comparing 
microsatellites of 16 human genetic disorders, we observed 
higher microsatellite conservation degrees in closer species. This 
gave implications and practical applications: with conservation 
degrees of microsatellites among species, biologists choose 
appropriate and rational research model organisms for probing 
microsatellite-related genetic disorders. 

Since mice are the most common model organisms in 
biomedical research, we compared identified microsatellites 
within genetic disease genes for both human and mouse 
genomes. We spotted microsatellite repeats in FMR1, EGFR, 
and X25 (Table 1). FMR1 gene contains GCG repeats at 5’-UTR 
whose site served as a CpG island for regulating transcription 
activities [11, 12]. What with similar regulation of FMR1 
expression between mice and humans, identities of DNA and 
amino acid sequences of FMR1 are 95% and 97%, respectively. 
Regulatory as well as coding regions of FMR1 are well 
conserved in humans and mice during evolution. Likewise, CA 
microsatellite repeats in intron region of EGFR are also 
conserved well among species of mammals and fishes. It might 
indicate zebrafish, et al. as ideal model organisms for studying 
EGFR-related diseases. 

While mice are well-established as the most popular animals 
for biomedical or disease research, time and money expended 
pose disadvantages to any such model. According to our 
genomic analysis, fruit flies reserves CAG repeats at coding 
regions in HTT and SCA2 genes, corresponding to Huntington 
disease and Spinocerebellar ataxia, respectively. Fruit flies may 
prove genetically adequate for studying these two diseases. 
CAG repeats engender poly-glutamine sequences in certain 
proteins that usually affect neurodegenerative disorder: e.g., 
Huntington’s chorea, Spinocerebellar ataxia, Parkinsonism. 
Because fruit flies possess complete brains, eyesight and ability 
for learning and memory, yet exhibit a life span relatively short 
while experimental budget is relatively low, it could be 
suggested as a powerful tool for investigating the 
microsatellite-related neurodegenerative disorders [13]. 

We herein identify microsatellites from clustered multiple 
species to establish a microsatellite database that can present 
repeat position, pattern and conservation degree within a gene. 
Furthermore, we analyze disease-related microsatellites to find 
these well conserved among several species, either mammal or 
fish species clusters. This study proposed that microsatellites 
might relate to the evolutionary event; their conservation might 
yield another rationale for lower organisms’ use in disease study. 
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Table 1 - Cross-species comparison between mammals and fishes. 

Cross-species compaGenea GID Disease Repeat pattern@region Mammals Fishes
Human DMPK ENSG 

00000104936 
Myotonic dystrophy type 1 CTG@3UTR [11] 

Gorilla 
Non 

Huamn 
Macaca 

ATN1 ENSG 
00000111676 

Dentatorubral-pallidoluysian 
atrophy (DRPLA) 

CAG@Coding [12] 

Dog 

Non 

Cow Zebrafish
Dog Stickleback 
Macaca Fugu 
Mouse Tetraodon
Huamn Cod 

EGFR ENSG 
00000146648 

Cancers CA@Intron [13] 

Gorilla  
Dog 
Macaca 
Human 

ATM ENSG 
00000149311 

Ataxia-telangiectasia  T@Intron [14] 

Gorilla 

Zebrafish

Dog 
Macaca 
Human 

AR ENSG 
00000169083 

Cancers CAG@Coding [15] 

Gorilla 

Stickleback

Cow HTT ENSG 
00000197386 

Huntington’s Disease CAG@Coding [16] 
Human 

Non 

Mouse FMR1 ENSG 
00000102081 

Fragile X syndrome GCG@5UTR [17] 
Human 

Non 

FMR2 ENSG 
00000155966 

Fragile XE syndrome GCC@5UTR [18] Human Non 

C9orf72 ENSG 
00000147894 

Amyotrophic lateral sclerosis  
(ALS)/ Frontotemporal  
dementia (FTD) 

GGGGCC@Upstream [19] Human Non 

Macaca 
Mouse 

X25b ENSG 
00000165060 

Friedreich ataxia GAA@Intron 1 [20] 

Human 

Non 

Dog 
Macaca 
Human 

SCA1 ENSG 
00000124788 

Spinocerebellar ataxia type 1 CAG@Coding [21] 

Gorilla 

Non 

Cow SCA2 ENSG 
00000204842 

Spinocerebellar ataxia type 2 CAG@Coding [21] 
Human 

Non 

Spinocerebellar ataxia type 3 Macaca SCA3 ENSG 
00000066427 (Machado-Joseph disease) 

CAG@Coding [21] 
Human 

Non 

SCA6 ENSG 
00000141837 

Spinocerebellar ataxia type 6 CAG@Coding[21] Human Non 

Dog SCA7 ENSG 
00000163635 

Spinocerebellar ataxia type 7 CAG@Coding [21] 
Human 

Non 

Macaca SCA12 ENSG 
00000156475 

Spinocerebellar ataxia type 12 CAG@5UTR [22] 
Human 

Non 

a Setting of parameters for all genes excluding X25: Conserved ratio: 80%. Tolerance: 0%. 
b Setting of X25 gene: Conserved ratio: 80%. Tolerance: 20%. 
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1.    Introduction 

Paroxysmal kinesigenic dyskinesia (PKD, OMIM 128000) is a 
rare paroxysmal movement disorder, often misdiagnosed as 
epilepsy and characterized by recurrent, brief attacks of 
dyskinesia triggered by sudden voluntary movement. Onset is 
around early teenage [1]. Sudden movement after a prolonged 
rest period is the most common precipitating factor, duration of 
attack usually brief, lasting seconds up to five minutes [2-5]. 
They can occur many times daily, but frequency and severity of 
attack seem to decrease with age. Brain imaging and 
electroencephalography (EEG) of such patients are usually 
normal [1, 6] Pathophysiological mechanism of PKD remains 
not well understood, but studies suggest it as a type of reflex 
epilepsy [7-9]. Ion channelopathy has been cited; this disease 
responds well to ion channel blockers [10]. Mutations of 
proline-rich transmembrane protein 2 (PRRT2) have recently 
been identified in cases of familial PKD [11-15]. PRRT2 protein, 
expressed strongly in a developing nervous system and localized 
to axons, interacts with synaptic protein SNAP 25, and may play  

 
 
 

 
 
a role in synaptic regulation [11, 14]. We report a family with 
clinical manifestations of familial PKD responding to low-dose 
CBZ. One insertion mutation c.649_650insC (p.P217fsX7) was 
identified in three patients of the family. 
 
2.    Patients and Methods 
2.1.    Clinical Report 

 
A twelve-year-old male had two-year history of paroxysmal 
movement disorder induced by sudden movement or brief 
exercise; birth, delivery, and development were unremarkable, 
without significant medical history. Attacks were first evident at 
age 10, after sudden arm movements; these entailed dystonic 
flexion and greater internal rotation of left arm and left leg, as 
well as finger posturing. He was fully aware of his surroundings 
during the attacks (4-5 times/day), lasting 10-20 (rarely 30) 
seconds. General physical and neurologic examinations proved 
normal. Magnetic resonance imaging of the brain, interictal 
electroencephalogram, and laboratory workup yielded unre- 
markable results; carbamazepine was prescribed upon diagnosis  
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ABSTRACT 
 
Paroxysmal kinesigenic dyskinesia (PKD), a rare paroxysmal movement disorder often misdiagnosed 
as epilepsy, is characterized by recurrent, brief dyskinesia attacks triggered by sudden voluntary 
movement. Pathophysiological mechanism of PKD remains not well understood. Ion channelopathy 
has been suggested, since the disease responds well to ion channel blockers. Mutations in proline-rich 
transmembrane protein 2 (PRRT2) were recently identified in patients with familial PKD. To extend 
these genetic reports, we studied a family with clinical manifestations of familial PKD responding well 
to low dose carbamazepine. Therapeutic dose ranged from 1.5 to 2.0 mg/ kg/day, below that in seizure 
control. One insertion mutation c.649_650insC (p.P217fsX7) was identified in three patients of the 
family. This study avers PRRT2’s high sensitivity for PKD phenotype. Identification of genes 
underlying pathogenesis will enhance diagnosis and treatment. Function of PRRT2 and its role in PKD 
warrant further investigation. 
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of paroxysmal kinesigenic dyskinesia. At 200 mg daily 
(10 mg/kg/day), the patient attained complete resolution of 
signs that has persisted for the past seven years, no side effects 
from medication. His father and brother, both diagnosed as 
PKD, had the same symptoms (Fig. A) ; Table 1 summarizes 
clinical manifestations. Both were prescribed CBZ as 
monotherapy (dosage 200 mg/day) to attain total resolution for 
the past seven years. 
 
Table 1 - Clinical Summary of Three Patients with 
Paroxysmal Kinesigenic Dyskinesia. 

 
EEG: eletroencephalogram 
MRI: magnetic resonance image 
AED: Antiepileptic drug CBZ: carbamazepine 
AbN: abnormal 
N: normal 
 
2.2.    Mutation Analysis 

 
After written consent, genomic DNA was extracted from 
peripheral leukocytes by AxyPrep Blood Genomic DNA kit 
(Axygen Biosciences, Union City, CA). Our mutation analysis 
of PRRT2 used direct sequencing after PCR amplification 
(primer sequences available on request) in three patients, with 
amplified fragments directly sequenced by BigDye Terminator 
v3.1 Cycle Sequencing kit (Applied Biosystems, Foster City, 
CA) and run on ABI PRISM 3130_l Genetic Analyzer (Applied 
Biosystems). Results show p.R217Pfs*8 (c.649_650insC) in 
three patients (Fig. B). 
 
 
 
 
 
 

(A) 
 
 
 
 
 
 
 
 
 
(B) 

 
 
 
 
 
 
 
 
 
Fig. 1 - (A) Pedigree of PKC/PKD Taiwanese family: 
persons designated by sex, disease status (filled symbols 
represent patients, open symbols normal persons). Index 
case indicated by arrow. (B) Sequencing results of mutation 
in PRRT2 gene of index case. Arrow indicates one-base C 
inserted at nucleotide 650 (c.650insC), causing protein 
translation shift and stopping after seventh residue. 
 
 
3.    Discussion 
 
PKD is the most common form of paroxysmal dyskinesia. 
Clinical features of our patients resembled cases reported 
previously: e.g., precipitating factors, patterns of attack, age of 
onset [1, 2, 4, 5, 6, 16]. Overall, family members had clinical 
features similar to those of individuals in literature. 
Controversial surrounds pathophysiology of involuntary 
movements. It is still uncertain whether symptoms relate to 
epileptic seizure or are dysfunction of basal ganglia [17, 18, 19]. 
Some propose this disorder as epileptic syndrome, based on 
prodromata preceding attacks, as well as its response to 
anticonvulsants. Interictal EEG abnormalities of reported PKD 
cases include sporadic epileptic discharge or slow rhythm [7, 8, 
9]. None of our recordings showed any such abnormalities. Also, 
consciousness during attacks was always preserved. 

Patients with PKD attacks seem to respond well to 
ant iconvulsants:  lamotrigine,  phenytoin,  valproate , 
oxacarbazepine, and especially CBZ [5, 6, 20, 21, 22], whose 
mechanism is blockade of ion conduction through voltage- 
dependent ion channels of the neuron. Physiology of PKD is still 
uncertain, but ion channelopathy is considered; prior studies 
reported PKD patients sensitive to ion channel blockers like 
CBZ [6, 21]. CBZ is widely used, being inexpensive and 
broad-spectrum in seizure controls; we found 100mg/day 
effectively controlling PKD. Therapeutic dose ranged from 1.5 
to 2.0 mg/kg/day, lower than that in seizure control. No patients 

Members of family Patient 1 Patient 2 Patient 3 

Age (years) 46 14 12 

Gender male male male 

Age of onset (years) 10 10 10 
Clinical feature 

Dystonia 
Chreoathetosis 

 
+ 
- 

 
+ 
+ 

 
+ 
+ 

Distribution 
Bilateral or 

alternating sides 
+ Left side only Left side only

Frequency variable 4-5times/day 4-5times/day
Precipitating factor 
Sudden movement 

Anxiety 

 
+ 
+ 

 
+ 
- 

 
+ 
+ 

EEG/MRI -- AbN/N AbN/N 

Epilepsy - - - 

AED CBZ CBZ CBZ 

Response to AED -- Effective Effective 
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treated with CBZ had intellectual impairment or decline of 
school performance during follow-up. 

Seventeen PRRT2 mutations were recently identified in 
patients with familial or apparently sporadic PKD/IC from 
several ethnic groups [11-15, 23], the vast majority (11/17) 
premature termination or frameshift mutation resulting in 
truncation of PRRT protein, the rest missense mutations. 
Interestingly, p.R217P*8 arose in about 80% of PKD patients 
with PRRT2 mutations [11-15, 23]. All identified families 
displayed autosomally dominant inheritance. Function of PRRT2 
protein is poorly characterized. Recent in vivo and in vitro 
studies demonstrated that PRRT2 is highly expressed in the 
developing nervous system and localized on cell membrane, 
predominantly in axons [11, 14]. It is not surprising that 
truncating mutations can significantly reduce protein expression 
and/or cause loss of transmembrane property, which 
conceivably impairs PRRT2 protein function [11, 14]. This 
study highlights frequency of PRRT2 mutations in a Taiwanese 
cohort with idiopathic PKD. For this benign neurological 
condition, low dose of CBZ is adequate to provide good control. 
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